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It has been pointed out by many of the workers upon radioactivity, 
especially by Boltwood, Ramsay, Rutherford and Fajans, that the most 
cottchwive test concerning the recent theory of the degeneration of radio¬ 
active elements is to be found w the determination of the atomic weights. 
If each a-transformation involves the loss of an atom of helium and nothing 
Mae which is weighable, the atomic weight of the product should be just 
lass than that of the original substance, because 3 99 is the atomic 
of heliufWfo&ddi during the a-transformation. Thus, if radium 
bas an atomic weight of 225.97, 1 its emanation ("niton”) should have 


m atomic weight of 221.98, radium D (which is supposed to involve three 
more a-transformations) should be^oxii; and radium G (yet another, 
q-tranMnimation) should be 206.02* 

Stiff nwa recently, a further theory, which has been independently 
proposed by Fajans, and by Soddy, 1 indicates that sotqe of the places 


period^ table, canespandiiig to high atomic weights, thou!# per- 
tm Kfc several dement*, d eferen t ia atomic weight Wt very 
Mmmtsh , 35, 253 (1912) 

JWWm I, i«r, *6, 422 (<9«3fc & Soddy, Chm News, 1*, sm 

wp CilteWy aTthc lUdWSteattnte/* Soddyi II, 3 (t« 4 ) 
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slUt^j&M other properties. Thfl&S) at the place which we imwfly yife 
td%d,we fihOttld ® €|f> fl|XblH0Py A^9^lf 

aadG, Mid perfeaps, ala»’«t4tM* MM otUW'radioactive product frfcm 
thoriura ip* actinium, These Afferent substances, according 

to t&e.hypotheals, > should have identical spectra and be inseparable 4 
chemical means, but, coming from different sources, they should hai 
different atomic weights. The theory suppos^hat each a-transfi 
involves a loss of valence of two, and each ^-transformation a gain of 
eace of one* The 0-traSuffonaatkm involves no change of weight, 
radium D (supposed to have an atomic weight of 210) after two 0 - and 4 
one ^-transformations returns again as radium G to the same place ill 
the perk&ic system with an atomic weight of only 206. This place is 
that asslj$ned to lead (which some suppose to be primarily radium G) 
the only one of the radium series possessed of a long life and not highly 


radioactive. I 

The problem is one capable of a decisive gravimetric test; specimen^ 
of lead, consisting of different mixtures, obtained from different sources, 
should have different atomic weights. On the generous suggestion 
Dr. Fajans this matter was taken up in the autumn of 1913 at Harvard^ 
In order to glean as much knowledge as was within reach, we have en* 
deavored to obtain as many different samples of radioactive lead as possibly 
and to determine the atomic weights of the possibly composite element 
by precisely comparable methods, so as to discover if any variation might 
exist in the chemical equivalents of the different products. 

It is a pleasure, at the outset, to express our deep gratitude to many 
workers in radioactivity who have furnished us with material. Without 
this general cooperation, it would not have been possible for us to ac¬ 
complish anything in so short a time, and we cannot express too highly 
our appreciation. 

In brief, the method of analysis was essentially similar to that used so 
successfully by Baxter and Wilson in their work upon the atomic weight 
of ordinary lead.* The chloride was in each case prepared in a state of 
great purity by recrystallization in quartz and platinum vessels, after 
extensive preliminary treatment to eliminate foreign substances. This 


1 Mr Max E. Lambert, Dipl Ing„ a pupil of Dr. Fajans, was sent by him and the 
Technieche Hochschule of Karlsruhe, with the support of Professor Bredig, to Harvard 
University especially for this purpose Sir William Ramsay, also, at about the same 
Hmk had urged on befealf of Dr. Soddy that the atomic weight of radioactive lead 
•hoffld'be studied in the Walcott Gibbs Memorial La b or ato r y It is needless So say 
that theopporWmity was welcomed; indeed, the matter would have been taken up 
hmjoifci*, swept for*faar of treepambig upon a held which might properly be cc j, 
•ideredi as belonging to the proposers of the theory A brief announcement of/ tl 
work Wf# spade by Dr. Fajans at the meeting of the Bunsen Gesdbchaft is Tb&j/JM \ 
May 21st, and a brief notice was published in "Science” on June 5,1914*—T. J Fu 
* prater and WSsott, Pm*. Am. Acad , 43,363 (1907). * f 
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dfalaridk carefully dried in a desiccator and heated to fusion in a 
•treble of hydrochloric add gas and nitrogen, in the quarts tube of the 
j*e)l-known bottling apparatus which has served in so many similar cases. 1 
The lead chloride was then dissolved in much water, and the chlorine 
precipitated by silver nitrate. Both the weight of silver required and the 
weight of the precipitate were determined in the usual Harvard fashion. 

As a further check upon the work, control analyses giving the 
atomic weight of ordinary lead were carried out in precisely the same way. 
These yielded essentially the same value as that found by Baxter and 
Wilson, and more recently, by Baxter and Grover in work as yet un¬ 
published. 

The outcome was striking. There can be no question that the radio¬ 
active samples contain smother element having an atomic weight so much 
lower than 1 that of ordinary lead as to admit of no explsmation through 
analytical error, and yet so nearly like ordinary lead as not to have been 
separated from it by any of the rather elaborate processes to which we 
had subjected the various samples. 

All the materials used in the work were purified with the care usually 
employed in work of this kind. The silver was made by the precipitation 
of very pure silver nitrate by ammonium formate, and fused upon boats 
of the purest lime in hydrogen. The hydrochloric add gas used for fusion 
and precipitation was obtained by dropping pure sulfuric add into chem¬ 
ically pure concentrated hydrochloric add, furnished by a trustworthy 
firm and known to be very pure. It was carefully dried and freed from 
spray by many towers of glass pearls, drenched with sulfuric add. For 
predpitation this acid was dissolved in pure water in a quartz flask. The 
water, and also the nitric add and other substances used in the work, 
were purified according to the methods usually employed at Harvard for 
this purpose. 

The description of the preparation of the various samples of lead de¬ 
mands further elaboration. For the first sample of common lead, used 
as control material, a commercially pure spedmen of non-radioactive lead 
acetate was three times recrystallized from acetic add solution and the 
chloride was predpitated, after considerable dilution, by pure hydro¬ 
chloric add gas. After the chloride had been many times washed and 
recrystallized from water, its aqueous solution was filtered through a 
Gooch-Munroe crudble to eliminate threads of filter paper and ether 
solid impurities. The lead chloride was then twice more recrystallized 
in a platinum dish and dried over potassium hydroxide (Sample A). 

A second sample of ordinary lead chloride was prepared from the purest 
lead nitrate of commerce in a similar manner. This salt was crystallized 
three times in glass and twice ih platinum, and its aqueous soiution was 
1 Richards, “The Faraday Lecture of 1911," J. Cbm . Soc., 99,1303 (1911). 
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precipitated by hydrochkwic add gas in a quartz flask. The salt 
iras thoroughly Hashed Hith many treatments of Trash water, centrifuged, 
and Anally crystallized three times from a solution weakly acidified with 
hydrogen chloride in a quartz dish (Sample E). 

In order to test the efficiency of crystallization of lead nitrate means 
of freeing this salt from bismuth (the impurity most to be feared in our 
radioactive material), a sample of this salt was mixed with about one- 
tenth of its weight of bismuth nitrate. After three recrystallizations only 
a trace of bismuth remained in the crystals, and the fourth removed all 
that trace which could be detected by qualitative means. There is no 
doubt, also, that crystallization of the chloride likewise is a very efficient 
means of purifying lead. 

Our first sample of radioactive lead was very kindly furnished by Dr. 
Fajans; indeed his generous initiative in this way made it possible for us 
to begin. It was from Colorado carnotite and came to us as chloride, con¬ 
taining doubtless traces of iron, bismuth, and other substances. It was, 
in the first place, recrystallized eight times from the aqueous solution, 
but even after this treatment was not absolutely white in color, containing 
still a trace of iron. Three more crystallizations from hydrochloric acid 
solution yielded a product of pure whiteness, but because of the slow 
elimination of the impurities, this sample, C, could hardly be considered 
as a final product. Therefore, all the remainder of the material was 
dissolved in a great volume of water, acidified with nitric acid, and saturated 
with hydrogen sulfide. The carefully washed sulfide was dissolved in nitric 
arid, and the nitrate was thrice crystallized (once in platinum) from acid 
solution. That part of the sulfide oxidized to sulfate was dissolved in 
ammonium acetate and again precipitated by sulfureted hydrogen, 
this process being repeated until practically all of the sulfide had been 
converted into nitrate. The purified and recrystallized nitrate was pre¬ 
cipitated as chloride by purified hydrochloric arid gas as before, and the 
product was recrystallized twice from dilute hydrochloric acid, and once 
from pure water in a quartz dish (Sample D). 

A second source of radioactive lead was very kindly provided by Sir 
William Ramsay, consisting of residues from pitchblende mined in Corn¬ 
wall. The brown-gray powder contained ferrous carbonate and many 
pthgp substances besides lead. This latter element we separated in the } 
JMaMkoe by the solution of the material in nitric add, and precipitation 
sulfuric acid (free from lead) with the addition of alcohol. The 
aidfipr washed by decantation until practically free from iron, and 
WUS dissolved in ammonium acetate and tartrate. That portion of the 
mim which refused to dissolve in nitric add was also treated 
with aUpifrlHlm acetate to dissolve any lead which might remain as 
sulfate. This again was precipitated as sulfide. As before, the sulfide 
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was converted into the nitrate, and this salt was treated exactly as in the 
case $f- Sample D. The resulting product was designated Sample F, and 
girntlMT material, prepared later from the same substance with somewhat 
greater care, was designated as Sample G. 

A sample of radioactive lead from Ceylonese thorianite, furnished 
thrqpgh the great kindness of Professor Boltwood, had already undergone 
considerable purification. From 25 kg. of the thorianite (which con- 
ttfp! about three times as much thorium as uranium), 1100 g. of lead 
tmpate had been prepared in a state of considerable purity, and 100 
g. of this precious material were placed at our disposal. In its prepara¬ 
tion, the thorianite had been dissolved in concentrated nitric acid, and 
the neutralized solution had been precipitated, when moderately dilute, 
with hydrogen sulfide. The sulfide, after filtration, was then dis¬ 
solved in hydrochloric acid with the addition of potassium chlorate, 
and the lead chloride twice recrystallized, converted into nitrate, 
twice more recrystallized, and came to us at this state. We crystallized 
it four times more in a quartz dish and finally converted it into the chloride, 
which was twice recrystallized from acid solution and once from pure 
water. 

A somewhat similar sample, also from Ceylon, came to us through 
the kindnessof Mr. Miner, chief chemist of the Welsbach Light Co., of 
Gloucester City, N. J., U. S. A. The source was a kilogram of thorianite. 
This, after solution in dilute nitric acid (the solid residue being separated), 
wrs precipitated with oxalic acid to eliminate the thorium, and the filtrate, 
made alkaline with ammonia, was precipitated with hydrogen sulfide. 
But much of the lead had gone into the oxalate precipitate, so that Mr. 
Miner jM$jf kindly recovered this also for us, treating the precipitate 
sdq||m hydroxide and extracting with hot water. From this lye, 
ogen sulfide precipitated a mixture of sulfides which contained much 
pore lead. These two samples of sulfides we now united, dissolved in 
j£tric acid and crystallized four times as nitrate. The product was con¬ 
verted in the usual manner into the chloride and designated Sample M. 
A further product, made from lead oxidized to sulfate by the action of 
.nitric add, gave another sample N. 

' When the work was well advanced, a new sample of Bohemian uranium- 
lead was prepared espedally for us through the kindness of Dr. Fajans 
in the following way: “Das gerostete Erz wurde mit einem Gemenge 
von H3SO4 und HNOs (zur Oxydation der vorhandenen Sulfide) behandeft, 
und dadurch das Uran in Ldsung gebracht. Der Rfickstand ebthidt 
das Blei als Sulfat, und wurde ihm durch Behandlung mit Aetxnatron 



entzogen, durch Ans&uern wieder ausgefftllt, und mittelst Soda in Karbonat 
verwandelt. Dieses war dann in HNO* aufgeldst und das Nitrat kristal- 
Bskrt worden. Das Prftparat wurde unter Ausschluss der Id&glichkeit 
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doer Ve ru nrehiig ung dutch Bid anderer ProvenienZ gewcmnen.” This 
nitrate (which contained lead (Wddfe add traces of iron) was purified in 
two different ways. One pert was precipitated like Sample F twice as 
sulfide* This was converted into the nitrate, and was three times re- 
crystallized in quartz, being finally turned into the chloride f &s usual 
(Sample I). Another part was recrystallized only three times as nitrate, 
then turned into Chloride, and again recrystallized (Sample K), but ac¬ 
cording to the results of the analyses it appeared to be as pure as the ipost 
carefully treated product. From the lead sulfate which appeared during 
the solution of the sulfide (Sample 1 ), yet another fraction, L, was made. 

Perhaps the most valuable of all our samples (because it came from very 
pure ore) was a small amount of 3.8 g. of lead chloride very kindly given 
us by Professor Boltwood and Dr. Ellen Gleditsch, of Christiania, Norway, 
now collaborating with Professor Boltwood. This product came from the 
analysis of no g. of the purest selected uraninite from North Carolina, 
U. S. A. The material was practically of pure radioactive origin, no 
other lead except that from uraninite itself being included. The sulfides, 
which had been precipitated from an acid solution of the mineral, were 
dissolved in nitric acid and the lead separated as chloride. This was 
crystallized three times from hydrochloric acid solution, and, finally, once 
more from aqueous solution in a quartz dish, and was designated sample 
O. 

Another sample, P, was prepared from the filtrates of all the analyses 
of Sample D. Silver (in addition to other slightly electropositive elemeqjtef, 
if present) was removed by slow fractional electrolysis. The residual 
electrolyte was repeatedly recrystallized as chloride. It will be [noticed 
that the atomic weight was essentially unchanged. ^ 

One of the samples provided by Dr. Fajans came originally from Pro¬ 
fessor Giesel, and the other had been prepared with a subsidy from 
Heidelberger Akademie der Wissenschafteu. We wish to express our 
grateful thanks to these helpers also. A list of the sources of these various 
samples may facilitate comparison. 

Sources of Samples of Lead Chloride. 

Sample A. Commercial lead acetate, Germany. 

Sample B. Camotite, Colorado, U.S A (impure) (Fajans) 

Sample C, Camotite, almost pure 

Sample D. Camotite the most carefully purified. 

Sample V. Commercial lead nitrate, America 
Sample F, Pitchblende, Cornwall, England (Ramsay) 

Sample G. Pitchblende, the most carefully purified. 

> Spxfiplft H. Thorianite, Ceylon (Boltwood). 

Semple I. Pitchblende, Joachimsthal, Bohemia, purest (Fajans). 

Simple K. Pitchblende, preliminary product 
Sample L. Pitchblende, same as I. 

Sample M. thorianite, Ceylon (Miner). 
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Siwglo N. Thorianite, later fraction. 

Sample 0 * Uraninite, North Carolina, America (Gleditsch). 

Sample P. Extremely careful purification of sample D. 

Sample R. Sample O, further purified 

The consistent method according to which all these samples were ana¬ 
lyzed has already been briefly described but perhaps a few points con¬ 
cerning the details deserve discussion. 

The desiccator-dried lead chloride was always fused in a current of 
hydrochloric acid gas, as already stated, in order to be sure that the water 
was expelled as completely as possible. There was reason to expect that 
lead chloride thus fused should be neither basic nor containing an impor¬ 
tant amount of dissolved hydrochloric add. In support of this condusion 
we may dte the neutrality of other chlorides thus fused, as determined 
by the alkalimetric testing of the dissolved material. 1 It is true, of 
course, that the spedfic nature of each chloride is different, and reasoning 
from analogy is not always safe. 

After the lead chloride had been cooled within the bottling apparatus in 
nitrogen, and this gas had been displaced by air, the fused salt in its 
platinum boat was pushed into a weighing bottle, in which it was weighed 
with great accuracy. It was then slowly dissolved in a large bulk of warm 
water (about 40°) contained in a large Erlenmeyer glass-stoppered pre¬ 
cipitating flask. We verified the experience of Baxter that no chlorine is 
lost during this process. 

In spite of our precautions, our samples of lead chloride always ex¬ 
hibited on solution in water a small amount (three or four milligrams) of 
white predpitate, which was shown by its immediate solution in a trace 
of add to be a basic salt. This may have been partly due to alkali dis¬ 
solved flom the glass. The literature concerning lead chloride suggested 
that it may be somewhat hydrolyzed in aqueous solutions.* If this is the 
case, and the trace of basic precipitate came from this cause, it would of 
course have no effect whatever on the result, provided that it was dis¬ 
solved in a drop of nitric add before adding silver nitrate. On the other 
hand, if the basic salt had been formed during fusion, its presence would 
signify a real loss of chlorine, and the resulting atomic weight of lead 
would be too high. We obtained from ordinary lead essentially the same 
values as those found by Baxter and Wilson (and later by Baxter and 
Grover); therefore the error (if it exists) must apply equally to both sets 
of determinations. Because lack of time prevented our solving the ques¬ 
tion, we strove only for comparative results; our problem was not so much 
to find the true atomic weight of lead, but rather merely to find if the atomic 
weight of radioactive lead is like tfiat of ordinary lead. The suitable 
1 See fo* example Richards and Hdnigschmid, This Journal, 33, 28 (1910), Sttz 
b Akad Wtss Wien, 119 (1910); Chem News, 104, 182, 190 (1911). 

* See for example Abegg's “Handbuch,” III, and part, pp. 648-^53; also p. 65? (1909) 



correction, if any is needed, can be applied at any time, by subtree ting 
a small quantity fw>m each of our value*, which were obtained under 
precisely similar conditions. Professor Baxter and his students have 
previously met with this difficulty in the cases of both lead chloride and 
lead bromide and they have been for some time engaged in experiments 
directed towards solving the problem. 

One other correction is involved in three of these analyses, Nos* 21, 
25, and 28. In these analyses a combustible black residue, chiefly carbon, 
of appreciable amount, was left upon dissolving the lead chloride, due 
doubtless to organic matter taken from the Alter paper during purification. 
In each case this was very carefully filtered off and weighed on a Neubauer 
crucible, and the weight subtracted from the original weight of lead 
chloride. These three corrections were, respectively, 0.83, 0.66 and 0.20 
milligram. None of the other analyses was entirely free from this carbon¬ 
aceous substance, but the amount was in every other case less than the 
least of those just mentioned and was neglected. Its presence would tend 
to increase very slightly the observed atomic weight determined from the 
ratio of lead chloride to silver, but would have no appreciable effect on 
that referred to silver chloride. 

The lead chloride which has been thus weighed and dissolved was pre¬ 
cipitated by a weighed amount of silver in the usual way. No unusual 
precautions were necessary, except that we found that when the solutions 
were concentrated, lead chloride is more easily occluded by the silver 
chloride than many other salts. 1 Working, however, with solutions so 
dilute that only 1 g. of lead chloride was contained in 500 cc. of the solution, 
we were but little troubled from this source. According to Franke 2 
the salt must be about 80% dissociated at this dilution. The precipitate 
after several days comes to a definite and consistent end point, unchanged 
by further standing. In order to establish the end point with greater 
exactness, the solubility of the silver chloride was reduced by cooling the 
solution almost to o° before removing the samples to be tested. As 
usual, stiver was added to the very nearly precipitated mixture until 
25 cc, portions of the supernatant liquid showed, in the nephelometer, 
the same cloudiness with excess of added chloride in oqmtest tube as with 
excess of added silver in the other. The amount of sMver exactly equiv¬ 
alent to the chlorine having this been found, an excess of dissolved silver 

added id order to precipitate the dissolved silver chloride, and the 
whole was filtered with the usual precautions on a carefully weighed 
(k>oeh~Mimroe crucible with a mat of platinum sponge. The precipitate 
was dried to edfostaat weight at about 180°; and then transferred to a 
porcelain crucible and fused, in order to dislodge the sma l l remaining 
trace of water. 

1 This couAmu the experience of Baxter 

* See Abegg’s han d book, hoc cit 
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$m the first place, a number of preliminary analyses were made in order 
to acquire experience in the method. Of course some of them failed for 
oho reason or another, but they yielded important consequences never¬ 
theless. They showed that the method in our hands yielded with common 
tend essentially the same results as those obtained by Baxter and Wilson— 
outvalues averaging about 207.15 for the atomic weight of lead when it 
did not contain radioactive material. They showed, moreover, that 
Colorado camotite contained lead (Samples C, D) having an atomic 
weight not far from 206.6 by the same method and that the lead extracted 
from English pitchblende (Sample F) had an atomic weight of about 206.9. 
The preliminary analyses of the radioactive material need not be recounted 
in detail because the chloride was not thoroughly purified and the ana¬ 
lytical procedure was not wholly without fault. The analyses of common 
lead may be briefly recounted. 

In four closely agreeing analyses, 16.2966 g. of fused lead chloride, 
after complete solution, required 12.6458 g. of silver for complete pre¬ 
cipitation. Thus 100 parts of silver are equivalent to j 28.87 parts of 
lead chloride, and if the atomic weight of silver is taken as 107.88, lead 
becomes 207.14. Again in two closely agreeing analyses 8.17662 g. of 
fused lead chloride yielded after due correction, 8.4293 g. of silver chloride. 
Hence, 100 parts of silver chloride correspond to 07.002 parts of lead 
chloride, and on the-same basis as before, lead becomes 207.16. The 
Mleafa between these two results, 207.15, may be taken as the experimental 
value for the atomic weight of ordinary lead as observed under these 
conditions. This result is about halfway between that found by Baxter 
and Wilson and that more recently found by Baxter and Grover, but not 
yet published. Therefore the results indicate that the method had been 
mastered and that it had been giving sufficiently satisfactory results 
throughout. The agreement of our results by the two methods shows that 
no important amount 0 i impurity was occluded by the precipitated silver 
chloride, in agreement with Baxter’s outcome. 

Most of the analyses thus .summarized were made before the radio¬ 
active lead was attacked. In the last one, made at the very end of the 
work, 5.0089 g. of lead chloride, were fused and dissolved as usual, but 
before precipitation an amount of the nitrate of radium D (kindly sent 
by Dr. Fajans) was added, sufficient to make the radioactivity of the 
mixture correspond approximately to that of Sample D. ijjjl 

order to discover whether or not the presence of radioactivity produces 
seriohs effect upon precipitation. As the atomic weight calculated from 
this feat result (207.14) was exactly like the average, it is evident that the 
analyttafcl process is not affected by the mere presence of radioactivity. 

DSt tri now turn to the final results for material obtained from radio- 
actftte Sources. The work was done with great care, and because of the 



tap t xMim gained la the fnefetmary'testate, Hmt reauto wore more satis 
factdffty ooocoff dant « Aft the figures canoem ing these final series ate 
give* iti the table belowyno experiment having been omitted except *single 
taalyate of Sample O, which was mode before it was fully purified, and 
was therefore rejected. Table III contains, the weight of silver needed 
for each specimen of lead chloride, and Table IV the weight of silver 
chloride obtained. The last two columns of each table record, the ratios of 


Tabus III.—Final Results. 
Series i. aAg : FbCl*. 


Number of 
analysis. 

Samok 

PbClT 

A|. 

Corrected 
wt. of fused 
PbCl In 
vacuum. 

Corrected wt. 
equivaisnt Ag 
in vacuum. 


Ratio 

PbCkAg. 

Atomic 

weight. 

16... .. 

D 

X 

3,87082 

3,00984 


1,28606 

206,56 

16. 

. D 

X 

5.57331 

4,33300 


1,28625 

206,60 

26. 

. P 

z 

5.494I 2 

4,27157 


I,28621 

206,59 

Sum. 

.. 


14.93825 

11,61441 

Av. 

1,28618 

306,59 

17. 

. H 

X 

3,88228 

3,01600 


1,28723 

206,81 

19. 

. H 

Y 

4.05550 

3,I5o6l 


1,28722 

206,81 

20. 

. H 

X. Y 

4,05168 

3.14788 


1,28712 

206,79 

Sum. 



11,98946 

9,31449 

Av. 

1,28719 

206,81 

24... . 

. M 

Y 

2,80814 

2,18162 


1,28718 

306,81 

21. 

. I 

X 

3,95052 

3,07209 


1,28594 

206,54 

22, 

. K 

X, Y 

2,95726 

2,29951 


1,28604 

206,56 




6,90778 

5,37160 

Av. 

1,28598 

306,55 

23. 

. G 

Y 

4,05702 

3,15153 


1,28732 

306,64 

a9. 

. R 

Z 

2,01795 

I,56953 


1,28563 

306,47 


Table IV. —Final Results. 
Series a. FbCli : aAgCl. 


Number of 

From 

Series 

s “y u 

Corrected 
wt, of fused 

Corrected wt. of 
fused AgCI 

Ratio 

Weight 
Ag -107,33 

analysis. 

No. I. 

PbCk. 

in vacuum. 

la vacuum. 

PbCt:AgCL 

40 .. 

, 16 

D 

3.87083 

3.99879 

0,96799 

306,59 

43 . 

. S8 

D 

5*57331 

5,75707 

0,96808 

206,61 

50 . 

. a6 

p 

5,49413 

3.67573 

, 0,96800 

206,58 

Stun. 



,4.93815 

15,43159 Av. 

0,96803 

306,59 

A*:::: 


H 

3,88228 

4,00703 

0,96886 

206^84 

20 

H 

4,05168 

4,18265 

0,96870 

206,78 



....... 

7.93778 

8*18968 Av. 

0,96*77 

2o6*0x 

4*. 

• «4 

M 

2,80814 

2,898x6 

0.96*94 

306,85 

45.4*. 

. S3 

K 

2*95736 

3*05475 

0,96*99 

206*61 

‘ 47. 

> as 

G 

4*03702 

4*18670 

0.96*0* 

306,08 


. ®9 

R 

2,01795 

2,08663 

0,96767 

206,52 
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the substances concerned and the atomic weights of lead computed in the 
usual fashion from these ratios, assuming the atomic weights of silver 
and chlorine to be 107.880 and 35.458, respectively. 

Thus the final analyses yielded results essentially like the preliminary 
ones. The situation will become clearer if the results are all collected ami 
averaged in a summarized table (V) giving the values of the atomic weight 
corresponding to each kind of lead. 

Table V—Final Values Found for Atomic Weight of Lead from Different 


Sources 

Lead from North Carolina uranunte (Sample R) 206 40 

Lead from Joachimsthal pitchblende (Sample I, K) 206 57 

Lead from Colorado carnotite (Samples D and P) 206 59 

Lead from Ceylonese thoriamte (Samples H, M) > 206 82 

Lead from English pitchblende ^Sample G) 206 86 

Common lead 207 15 


The result is amazing. Evidently then the chemical equivalents of 
these different specimens are markedly different from one another. Be¬ 
cause the method of analysis was the same in each case, one cannot help 
thinking that there is a real variation in the chemical equivalents of these 
samples of lead. Either a large amount of some element having a chemical 
equivalent nearly as great as lead, or a small amount of an element having 
a low chemical equivalent, must be present, mixed with the substance 
which we ordinarily call lead. The fact that all the analyses were carried 
out by the same method, and that ^ach sample gives consistent results, 
seepis to exclude the effect of analytical error. The nature of this ad¬ 
mixture it would be perhaps premature to decide. Clearly it has reactions 
very much like those of lead, if not exactly identical; for the various 
processes to which our material was subjected would have eliminated any 
element widely different. Moreover, the fact that protracted purification 
had no effect on the atomic weight of any one sample is evidence in the 
same direction. 

A word should be said concerning the determination of the radioactivity 
of these various samples, which is an important item in the consideration. 
The determination was made by means of a quantitative gold-leaf elec¬ 
troscope of the usual type—a square brass box with mica windows, con¬ 
taining a gold-leaf suspended from a flat rod passing through amber. 
The box was grounded and the electroscope was charged by means of 
rubbed sealing wax. The material to be investigated was placed on a 
wooden slide beneath the instrument. The 0-rays (which alone were 
studied) were measured, being allowed to come into the box through a 
screen of thin tinfoil and aluminum foil. In the first place the time taken 
for the gold-leaf to fall between two definite points in the micrometer 
eyepiece of the observing telescope was noticed when no radioactive 
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mbatance warn preamt; then the times for the various portion# were 
stored under precisely Wee conditions And compared with the same weight 
of uranium trioxide. From three times of fail the rates were easily com¬ 
puted, and on subtracting from the rates with radioactive substances, 
the rate when nothing was present, the comparative values for the various 
substances were obtained. Immediately after purification, of course, the 
specimens were practically non-radioactive, because during crystallization 
radium E, which is the chief source of the / 3 -rays, goes into the mother 
liquor. As is shown by the figures for our Sample D at the top of Table 
VI, the radioactivity of freshly prepared crystals steadily increased m 
the usual curve until the maximum was attained m about thirty days 
Radium E is then in equilibrium with radium D. The table gives, 
in its lower part, a comparison of the radioactivity of the different samples 
It will be seen that Sample D was the most radioactive, sample O next, 
and Samples F and G the least An old sample of uranium trioxide is 
included to give an idea of the magnitude of the effect 


Table VI 


ftunnl* 

of?bS. 

Time in daya 

Time in seconds 
of fall of 

Rate of 

Natural 
fall of 

Corrected 
rate of 

elapsed since 

gold leaf with 

fall per 

leaf per 

fall with 

ts« 

crystallisation 

preparation 

minute 

minute 

preparation 

P 

O 2 

472 

O 127 

O 043 

O 084 

D 

1 2 

203 

0 296 

O 035 

O 261 

D 

2 O 

144 

0 417 

O 035 

O 378 

D 

4 I 

91 

0 659 

O 036 

O 623 

D 

5 2 

'78 

0 769 

O 041 

O 728 

D 

6 1 

7i 

0 845 

O 042 

0 803 

D 

7 o 

69 

O 870 

O 043 

O 827 

D 

8 9 

64 

O 942 

O 037 

0 905 

D 

12 I 

56 

072 

O 039 

033 

D 

H 3 

53 

133 

O 043 

090 

D 

16 3 

49 

220 

O 039 

188 

D 

18 o 

49 

230 

O 039 

188 

D 

27 o 

43 

396 

O 046 

350 

D 

40 0 

43 

396 

O 045 

I 351 

B 1 .. 

I 27 f 

>200 

47 

278 

0 031 

1 247 1 

D 

59 0 

53 0 

1 132 

O 043 

I 087 

F 

40 

265 0 

O 226 

0 045 

O 181 

G 

24 

270 0 

O 222 

0 045 

0 177 

H . 

35 

204 0 

O 294 

0 045 

0 249 

I 

> 

182 5 > 

0 329* 

0 045 

0 284? 

M 

29 

257 5 

O 234 

0 04s 

0 189 

O 

V 0 * standard 

20 

83 0 

O 707 

0 045 

0 662 

>1000 

628 O 

0 093 

0 045 

b 050 


1 Thu sample Was taken from the impure original lead chloride from catnotite, 
a» we bad received it The slightly lower value is probably due to another Size of 
crystals apd the uoo*radioacUve impurities. 
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AJtbovgh in general the samples of lead having greater radioactivity' 
sbow lese atomic weight, the decrease in the atomic weight is not exactly 
proportional to the radioactivity. For example, preparation 0 (the same 
material as preparation R) is distinctly less radioactive than Sample D, 
although the atomic weight exhibited by 0 is decidedly more divergent 
from the usual value than that exhibited by D. The rates of fall for 1.27 g. 
of O and D, both twenty days old, were respectively o,66 and 0.99, 
whereas the deficiencies in the atomic weights of these samples were re¬ 
spectively 0.75 and 0.56. The irregularity suggests the presence of more 
than two variables. More data are clearly necessary for a definitive con¬ 
clusion. The attempt to explain the relationship will therefore be de¬ 
ferred. 

The spectroscopic examination of one of these samples (Sample D) was 
conducted with the generous help of Professor Baxter in his admirable 
F6ry quartz spectrograph. Very well-defined photographs of the ultra¬ 
violet portion of the spectrum of our Sample D (after h had been recovered 
from an analysis, and therefore contained a trace of silver) were taken 
on a film, side by side with similar photographs of Baxter’s purest lead. 
The parallelism of the two, both as regards the number of lines and the 
intensity of the lines was complete throughout the whole field, from wave 
length 0.4 n to the extreme ultraviolet visible in this instrument (about 
0.200/4) except that the characteristic silver lines 0.3281/4 and 0.3383/4 
were clearly depicted and the prominent copper lines 0.3248/4 and 0.3274/* 
were faintly visible. The latter had 4 an intensity corresponding, on a 
very conservative estimate, to 1 part of copper in 100,000 parts of lead, 
determined by comparison with the spectrum of lead containing known 
traces of copper—an amount far too minute to have any effect on the 
atomic weight. The silver doubtless came from the analytical operations, 
as already said; and its manifest appearance is good evidence of the 
great sensitiveness of the spectrometer. No shifting or obvious broadening 
of any of the lines was observed, but it would not have been possible to 
see a very slight effect of this kind. 

Thus it appears that the lead from radioactive sources, having an atomic 
weight of 206.6, gives essentially the same ultraviolet spectrum as ordinary 
lead, having an atomic weight (determined by the same method in parallel 
analyses) of 207.15. 

The obvious inference to be drawn from this amazing result is that bne 
of four alternatives must hold true. Either the unknown substance, 
which is mixed with ordinary lead and produces the lower atomic weight, 
has the same spectrum as lead itself; or else it gives no lines whatever 
in the ultraviolet range of this photograph; or else the presence of a large 
bulk of lead hides or aborts the spectrum of the foreign admixture; or else 
ordinary lead is a similar medley in somewhat different proportions. It is 
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perhaps premature to decide between these alter na tives, but all ate of 
interest, the first end lest of course being the most revolutionary. 

That lead Should be composed of a mixture of substances of different 
origin but similar properties is, after all, possibly not So revolutionary a 
proposition as might appear at first sight. Rare earths are often very sim¬ 
ilar in properties, and large amounts of material and very patient 
fractionation are necessary to separate them. Why should not the same 
thing be true of several of the commoner elements? The only practical 
difference besides the presence of radioactivity seems to lie in the fact 
that in the present case the intruders produce no obvious change in the 
ultraviolet spectrum. But if all lead is a mixture, this might be expected. 

At first sight one might be inclined to feel that the irregularity in the 
quantitative results above described should diminish one’s respect for the 
significance of atomic weights in general, but further thought shows that 
this is a superficial view. If the results which we have obtained really 
indicate that several kinds of lead having the same properties and spectrum 
may be mixed together and not separated chemically, it is evident that 
the atomic weight becomes almost the only criterion, except radioactivity, 
capable of detecting the admixture and tracing the factors to their source* 
Thus the study of atomic weights is shown to be not less but more signifi¬ 
cant than it had been before. To emphasize this point, we may ^fwps 
quote two paragraphs, written seven yehrs ago, long before theory 
under discussion had been proposed, and when such ideas were ot ft tftf&ier 
heretical character. • 

“Are the supposed constant magnitudes to be n^a^urcd in chemistry 
really variable 5 If they are thus variable, is it worth while to 
expend much labor in determining the values which they happen to possess 
at any one time under any one set of con<^Joqs? 

“The question as to whether or not supposed constants of physical 
chemistry are really not constants, b$*t ye variable within small limits, 
is of profound interest and of vital in^pqftance to the science of chemistry 
and to natural philosophy in general, If this latter alternative is true, 
the circumstances accompanying each possible variation must be de¬ 
termined with the utmost precision in order to detect the ultimate reason 
for its existence. As Democritus said long ago, ‘the word chance is only 
an expression of human ignorance. 1 No student of natural science who 
perceives the dominance of law in the physical universe would be willing 
to believe that such variations in a fundamental number could be purely 
aorid^ital. Every variation must have a cause, and that oaiw must be 
one of profound effect throughout the physical universe. Thus the idea 
that the supposed constants may possibly be variable, adds to the interest 
which one may reasonably take in their accurate determination, and 



ATOMIC WEIGHT OF L$AD OF RADIOACTIVE ORIGIN. 


*343 


enlarges the possible field of investigation instead of contracting it.” 1 ' 

Jphtis matter has received not only speculative but also experimental 
tarfatment at Harvard. For many years the possibility that samples of 
a given element from different sources might have different atomic weights 
had been considered, and investigated, but never before with a positive 
outcome. In the first investigation of the atomic weight of copper under¬ 
taken by one of us as long ago as 1887, 2 samples of copper obtained from 
Germany and from Lake Superior were found to give precisely the same 
atomic weight for this element. More recently the question was revived 
and in 1897, specimens of calcium carbonate were obtained from Vermont, 
U. S. A., and from Italy, in order to discover whether or not the calcium 
in these two widely separated localities had the same atomic weight. 
Not the slightest difference was found between them. 8 Again, in a very 
elaborate investigation on the atomic weight of sodium, 4 silver was ob¬ 
tained from several distinct sources and sodium chloride was obtained 
partly from several different samples of German rock salt, and partly 
from the salt pumped from the Solvay Process Company’s mines at 
Syracuse, N. Y. These preparations, differing widely in the steps of manu¬ 
facture and in geographical source, all yielded essentially the same atomic 
weights within the limit of error of the process. 6 Yet more recently 
Baxter and Thorvaldson,® with the same possibilitv in mind, determined 
the atomic weight of extra-terrestrial iron from the Cumpas meteorite, 
which gave a result identical with ordinary iron within the limit of error 
of experimentation. From these researches it would seem probable that 
even if an unusual eccentricity may be exhibited by lead, most elements 
do not as a rule differ from any such cause of uncertainty. Baxter and 
Grover are now engaged in the examination of ordinary lead from 
different geographical sources. Perhaps this also contains more than one 
component, as suggested above. 

It would perhaps be premature to indulge in further hypothetical 
reasoning concerning the nature of this extraordinary phenomenon, but 
the nature of the variation unquestionably points in the direction of the 
hypothesis of Fajans and of Soddy. 

This paper must be looked upon only as a preliminary one. More time, 
larger amounts of material, and more chemical experimentation are needed 
in order to be sure that the reactions of the unknown contaminating ele- 

1 Richards, (Berlin Inaugural), Science, N. S , ad, 562 (1907); also Dte Umschau, 
13, 542-543 (1909); translated by F. Haber. 

* Richards, Proc . Am. Acad., 23, 179-80 (1887). 

1 Richards, This Journal, 24, 374 (1902). 

4 Richards and Wells, Carnegie Instil. Wash. Pub., 28 (1905) 

* Even if both specimens of salt came originally from a Silurian ocean, the time 
and condition of deposition were probably widely different. 

* This Journal, 33* 337 (191*)♦ 
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ment and lead are wholly iden t i c al. We hope and intend to continue 
the study, and solve the highly interesting questions which it pres*£jjts. 

We are greatly indebted to the Carnegie Institution of Wasbing^pn 
for much of the apparatus and material used in this research. 

Summary. 

In this paper a description is given of parallel experiments determining 
the equivalent .weights of various samples of lead chloride obtained from 
different sources. It was found that all of the radioactive specimens 
possess a lower atomic weight than ordinary lead, as determined under 
identical conditions, the deficiency in one case amounting to as much as 
0.75 of a unit. 

No simple linear quantitative relationship between the exact amount 
of radioactivity and the atomic weight was found. The radioactivity 
of the various samples was compared by means of the quantitative elec¬ 
troscope. 

The ultraviolet spectrum of a typical radioactive sample was compared 
with that of ordinary lead, with the help of G. P. Baxter, in a quartz spectro¬ 
graph. No difference was found between the spectra of these specimens, 
except for a trace of copper too small to affect the result, and a negligible 
trace of silver known to have been present. The inference seems to be 
that radioactive lead contains an admixture of some substance different 
from ordinary lead, and very difficult to separate from it by chemical 
means. This substance cannot be identified in the ultraviolet spectrum 
of the material, either because it has the same spectrum as lead, or be¬ 
cause it has no spectrum in that part of the field, or because its spectrum 
is masked or aborted by that of lead. 

This amazing outcome is contrary to Harvard experience with several 
other elements, notably copper, silver, iron, sodium, and chlorine, each of 
which seems to give a constant atomic weight, no matter what the geo¬ 
graphical source may have been. No attempt is made here to discuss 
the theoretical aspects of the facts presented, but attention is called to 
their qualitative agreement with the hypothesis of Fajans and of Soddy. 

Cambridge, Mam 

TWO NEW MODIFICATIONS OF PHOSPHORUS. 

By P W. Bridgman. 

Received M*y 4. 1914. 

The two new modifications of phosphorus to be described here were ob¬ 
tained during an investigation of the effect of high pressure on the melt¬ 
ing poidt of ordinary white phosphorus. The two new forms have per¬ 
fectly distinct characteristics; in this they are different from the ques¬ 
tionable modifications of red phosphorus often announced. ?Jje first 
of these modifications is a new form of white phosphorus, which changes 
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into the ordinary white modification reversibly under the proper condi¬ 
tions. The second is a form obtained irreversibly from white at high 
pressures and moderate temperatures, which is 15% more dense than 
Hittorff’s “metallic” red phosphorus. 

In addition to a description of some of the physical properties of these 
two new modifications, this paper will contain an account of a few experi¬ 
ments made on a specimen of red phosphorus formed under somewhat 
unusual conditions of temperature and pressure; and, at the end will be 
found a consideration of the problem of the mutual relationships of the 
various modifications, now at least four in number. No attempt has been 
made to completely solve the problem, as this is now more properly a re¬ 
search for a chemist than a physicist, and since black phosphorus was dis¬ 
covered only incidentallyj in the course of other investigations. 

White Phosphorus II. 

The new modification of white phosphorus was first produced by in¬ 
creasing pressure on ordinary white phosphorus to about 11000 kg./cm. 2 
at 60 °. The existence of the new form was shown by a discontinuous 
change in the volume at this pressure. A number of points on the transi¬ 
tion curve of these two modifications were then obtained at temperatures 
down to o°, and the corresponding changes of volume, when one modi 
fication passes to the other, were measured. Thes* measurements suffice 
for a computation of the latent heat and the change of internal energy when 
the one form passes to the other. These data have already been pub¬ 
lished, 1 and for convenience of reference the results are reproduced here 
in Table I. 

Table I —Data for the Transition between the Two Forms of White 


Prenure. 
Kgm /cm * 

Temperature. 

Phosphorus 

A V. 

Cm .*/ gm . 

Latent heat 
Kgm. m./gm 

Change of energy. 
Kgm. m /gm. 

I 

6000 

—76.9° 

— 2 4 

O 00851 

18 61 

18 IO 

7000 

9 6 

825 

19 43 

18 86 

8000 

21.4 

799 

20.24 

19 6l 

9000 

32 7 

772 

21 04 

20 34 

IOOOO 

43-7 

746 

c* 

00 

21 06 

IIOOO 

54 4 

720 

22 58 

*"21 77 

12000 

64.4 

694 * 

23 29 

22 44 


The points found at high pressures indicated by extrapolation that 
there should be a transition point at atmospheric pressure in the neighbor¬ 
hood of —80 0 C. This transition point at atmospheric pressure has 
lately been realized. 

The method employed was the usual one of determining a heating curve. 
This method is weH adapted to showing the existence of a transition 
point, but is not dapable of giving a very accurate value of the transition 
1 P. W. Bridgman, Pkys. Rev. N. S, 3, 126-141, i53“203 (1914) 
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temp er ature Aad gives no value for the change of vokone. About 100^ 
trf white phosphorus were melted under water and allowed to solidify 
in a cylindrical mold# in which a platinum resistance thennometer was held 
axially. This thennometer had been calibrated between o° and +60 
and ‘the negative readings calculated according to Callendar’s formula, 
using i .50 for the value of 6. 1 The maximum error in the temperature 
determined in this way cannot be more than o. 1 0 at —80°. The phos¬ 
phorus with the thermometer was then transferred to a thin metal cylinder 
containing pentane, and the whole cooled down-in liquid air. After com¬ 
ing to the temperature of liquid air, the metal cylinder with the phos¬ 
phorus was transferred to a cylindrical Dewar flask, in which it was cen¬ 
trally supported without contact with the walls. The rise of temperature 
with time was followed with the platinum' thermometer. Transition 
from the low temperature to the high temperature modification was shown 

-*f|------ mL. by an arrest in the regular rise of tem- 

j perature with time. This is shown in 

-- j The heat absorbed during the 

^ _ /_ _transformation was sufficient to keep the 

y ~ temperature nearly constant during half 

-ei* y C___an hour. There was a very slight retro- 

/ • gression of temperature during this half 

~io »o— iq ""!—to 00" hour, which shows that there was some 
w slight superheating before the transition 

white phosphorus, temperature in de- Started ‘ The temperature found in this 
grees against time in minutes. The wa Y must, therefore be somewhat higher 
arrest point shows the transition from than the true temperature of transition, 
the low to the high temperature modi- Just how much higher, it would be im - 
fication. possible to say, but the approximate con¬ 

stancy of temperature during the transformation makes it probable that the 
temperature found is not far above the true value. This is also strongly indi¬ 
cated by the smoothness of the curve connecting the point at atmospheric 
pressure with the points found at the high pressures. The completed 
phase diagram of these two modifications is shown in Fig. 2. 

In addition to finding the transition temperature at atmospheric pressure, 
two attempts were made to determine the crystalline form of the new 
modification. The appearance of this new form in bulk is much like that 
of ordinary white phosphorus, it may possibly be a trifle yellower, and 
there are likely to be cracks formed because of the volume contraction 
of about 2% when the transition occurs. In the first attempt to get the 
crystalline form* A $jtfbe containing white phosphorus was pumped to a 
low vacuum lower part immersed in a fl^sk with liquid air, while 

the upper part^Jeontaining the phosphorus, was exposed to the tempera- 
1 See ^aye and baby's tablet, p. 46. 
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ttoe of the room for 24 hours. It was hoped that the phosphorus would 
4MP from the warm end and condense at the cold end in the character¬ 
istic crystalline form of the* low temperature modification. The experi- 



Fig. a. Shows the relation between temperature and pressure on the transition 
curve between the two modifications of white phosphorus A short length of the 
melting curve is shown in the upper left-hand comer 

ment failed because most of the phosphorus condensed in the cooler parts 
of the tube above the part exposed to the liquid*air. Only an excessively 
attenuated mist condensed in the lower part of the tube. With the micro¬ 
scope, it was possible to pick out a few needle-like forms, probably the low 
temperature crystals of phosphorus, but no more exact information as 
to the crystalline form could be obtained. It should, perhaps, be men¬ 
tioned that the crystals were examined at the temperature of the room, 
so that all that one could expect to see would be crystals of ordinary 
phosphorus with the outer crystalline form of the low temperature form. 

The second attempt to obtain the crystalline form was somewhat more 
successful. A solution of white phosphorus in carbon disulphide was al¬ 
lowed to crystallize at* the temperature of a mixture of carbon dioxide 
snqw and gasolene. The phosphorus separates out as a slush composed of 
fine crystals. Microscopic examination showed that the usual crystalline 
habit is in needles, about five times as long as broad, with pointed ends 
of about 60 °. It was not possible to specify further the shape of the needles. 
Scattered among the needles, however, there were occasional plate-like 
forms of unmistakable hexagonal shape; several nearly perfect hexagons 
were found. The great probability is, therefore, that this new modi¬ 
fication belongs to the hexagonal system. The crystalline form of the 
usual modification is regular. 

A word may be said as to a bearing of this on A. Smit's “New Theory 
Of Allotropy.” 1 He found that ordinary liquid white phosphorus behaved 
1 A. Smits and H. h. de Leeiaw, Z phys. Chert., 77 , 367~379 (19x1)* 



P. W. 9ESDCM4K. 


rj4& 

in « way <iiat seemed to suggest that it c o n t ai ned t wokinds of m#Je- 
cities; he assumed that the second kind of molecule was the mcJead^of 
red phosphorus. Quite a part from the legitimacy of his experiments,*^ 
which there seems to be some doubt, the hypothesis gi the presence of 
red phosphorus molecules in appreciable quantity in white phosphorus at 
low temperatures is a surprising one, in view of the inappreciable reac¬ 
tion velocity from white to red. The existence of this new modification 
of white phosphorus shows that, if the experiments do legitimately point 
to the existence of another kind of molecule, it is the molecule of this 
new modification, rather than the molecule of red phosphorus. 

Black Phosphorus. 

Black phosphorus was discovered during an attempt to force ordinary 
white phosphorus to change into red phosphorus by the application of 
high hydrostatic pressure, at a temperature below that at which the 
the transformation runs with appreciable velocity at atmospheric pressure. 
The phosphorus used was the purest commercial stick phosphorus from 
Eimer and Amend. This had shown itself perfectly free from dissolved 
impurities, although it probably contains such impurities as carbon or 
water mechanically suspended. The phosphorus was melted under water 
into a steel shell about 15 cm. long and 1 5 cm. in diameter, the water 
was removed as far as possible, after the phosphorus had solidified, by me¬ 
chanical shaking, and the shell with the phosphorus was placed imme¬ 
diately under kerosene in a high pressure cylinder. Pressure up to about 
6000 kg. per sq. cm. was applied at room temperature to the phosphorus 
through the medium of the kerosene; the cylinder was raised to 200 0 
in an oil bath controlled by a thermostat, and the pressure was then 
raised to from 12,000 to 13,000 kg. The transition from white to black 
phosphorus occurs, under these conditions, in from 5 to 30 minutes. The 
pressure drops at first very slowly, then more rapidly until apparently 
a critical point is reached somewhere between 11,000 and 12,000, at which 
it drops suddenly to about 4,000 kg. Pressure may then be increased 
again (with the form of apparatus used this secondary increase could not 
be carried beyond u,ooo kg.) with no further drop of pressure. *On 
cooling the lower cylinder and relieving pressure, the white phosphorus 
is found transformed into a black substance of very much smaller volume 
than the original white phosphorus. Proof will be given presently that 
this is a modification of phosphorus, not a compound. This experiment 
has been repeated successfully every time that it has been tried, now five 
times in a^. About 50 g. of black phosphorus may be formed at a time. 

During one of the repetitions of the experiment the effect of inoculating 
tjbe white phosphorus with a piece of black phosphorus was tried, with 
idea that under these conditions it might not be necessary to raise 
the tempemturear pressure so high. It was, nevertheless, necessary to raise 
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tVfe temperature to 200 0 and the pressure to 11,750 kg. When pressure 
and temperature had reached these values, the formation of the black 
from the inoculated white phosphorus took place in about 5 minutes, 
a J somewhat shorter time than usual. It would appear then, that inocula¬ 
tion may have some effect on hastening the reaction, but the effect is in 
ally event slight, and it may have been due entirely to accidental causes 
quite apart from the inoculation, judging from the irregularity of the other 
trials. An attempt to form black phosphorus from white at 175 0 and 
nearly 13,000 kg. was without success. Also an attempt to produce black 
phosphorus from commercial powdered red phosphorus, which had been 
inoculated with a small piece of black phosphorus was without result in 
40 minutes at 12,900 kg. and 200°. Another attempt to produce black 
phosphorus from the massive red phosphorus, to be described later, was 
also unsuccessful after 30 minutes at 12,900 kg. and 200°. 

The transformation from white to black phosphorus is not quite com¬ 
plete. There is a slight quantity of ordinary red phosphorus formed 
at the steel walls of the shell or at the surface of contact with the kerosene 
(never any red phosphorus in the interior of the mass), and throughout the 
mass of the black phosphorus there may be a few isolated patches in which 
exceedingly minute traces of white phosphorus remain untransformed. 
These traces of white phosphorus will catch fire spontaneously on contact 
with the air, or by friction with the hack saw with which the stick of 
black phosphorus was cut up for examination. This white phosphorus 
bums for only a few moments and then goes out, without igniting the mass 
of black phosphorus. 

The black phosphorus presents two distinct characteristic fractures; in 
some places the fracture is coarsely granular like sugar, apparently crystal¬ 
line, but the grains under a low power microscope show no semblance of 
crystalline form, and in other places where the flow under pressure was 
great, the fracture is fibrous with a metallic lustre, very much like graphite 
in appearance. In spite of the high pressure of formation, the mass of 
the black phosphorus is permeated with pores, some of which may be 
several millimeters in diameter. These pores may at first be filled with 
kerosene. The presence of these pores doubtless accounts for the slight 
apparent increase in weight of the specimen after the transformation. 
In the endeavor to show that the new substance was really a new modifica 
tion of phosphorus, and not a chemical compound with kerosene or iron, 
the total weight of two samples was measured before and after the trans¬ 
formation. After formation, the samples were dried by mechanically 
shaking the kerosene from the surface. The gain of weight of each of 
the samples was about 2%; too small a gain to be accounted for by the 
formation of a chemical compound, and sufficiently explained by the 
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pnmarn <&f Itoroaene in the pores* The presence of such occluded ken* 
sen* was evident to the sense of smell. 

lit order to make the proof still stronger that the substance formed 
was really a new modification of phosphorus and not a compound, C. T. 
Hawkins very kindly made afi analysis of two samples at the Chemical 
Laboratory of Harvard University under the direction of G. P. Baxter. 
These samples had been broken into pieces about the size of a pea and 
soaked in carbon bisulphide to dissolve the white phosphorus, but had not 
otherwise been purified, as by exhausting in vacuum, for example. The 
sense of smell showed some kerosene still present. The results of the 
analy&fe are as follows' 

Wt of blmck Wt of Per cent, 

phosphorus Mg»P*C>7 phosphorus 

0 1622 o 5669 V 97 5 

o 1754 0 6182 9 8 3 

The first sample was treated by dissolving in concentrated nitric acid 
and the second in fuming nitric add. Preliminary attempts to dissolve 
the phosphorus in dilute nitric add showed that under these conditions 
a large part of the phosphorus was lost as volatile matter during dissolu¬ 
tion. The amount of carbon present in the sample was o 4% or more. 
No attempt was made to analyze the other 1 5% of impurity, which, in 
all probability, was water or kerosene. A measurement, to be given 
later, of the magnetic properties, shows no trace of iron. The fact that 
the total impurity is less than 2%, and that at least some of this impurity 
is accounted for, makes it absolutely certain that we have here another 
modification of phosphorus and not a chemical compound. 

The most striking difference between the new black phosphorus and 
previously known modifications is its high density. The density of 
ordinary solid white phosphorus is 1.83, and that of red phosphorus 
may vary according to the method of preparation from 2 05 to a maximum 
of 2.34 for Hittorfs “metallic” crystallized red phosphorus. Nine deter¬ 
minations of the density of different specimens of black phosphorus 
were made; several of these were determinations of fairly large pieces by 
weighinf^tmder water, and several were determinations by the suspension 
method, using a mixture of bromoform and carbon tetrachloride. The 
density of the large pieces varied widely because of the effect of pores; 
the minimum density found by weighing in water was 2.47 and the maxi¬ 
mum was 2.654. The suspension method, of course, gives more accurate 
results. The specimens measured by this method had been ground in a 
glads mortar and purified by soaking in severed changes of carbon disul¬ 
phide for several days, exhausted in vacuum at 100 °, boiled in four or five 
changes of distilled water for eight hours, and exhausted in vacuum at 
140 0 jkxt several hours. Furthermore, the air was exhausted from the 
pores while the phosphorus was in the suspending liquid. Two different 
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spaeimeas prepared by this method gave absolutely concordant results 
for * the density, 2.691 at room temperature. The minimum density 
found by the suspension method for larger pieces less carefully purified 
waS 2.66. We accordingly accept the value 2.691 as the true density of 
black phosphorus, a value 15% higher than that of the most dense variety 
of*red phosphorus. The conclusion is inescapable that this is a new 
modification of phosphorus, quite distinct from red phosphorus and, be* 
cause of its higher density, presumably a more stable form. 

filack phosphorus does not catch fire spontaneously, can be ignited 
with difficulty with a match, and may be heated to perhaps 400 0 in the air 
without spontaneous ignition. Unlike commercial red phosphorus, it 
cannot be ignited by striking with a hammer on an anvil. It is almost, if not 
entirely, stable in the air. It was discovered in the' summer time; pieces 
of the unpurified phosphorus which had remained for several months 
freely exposed to the air of the room were observed to collect a thin film 
of moisture, probably phosphoric add, as red phosphorus is known to 
do. But several purified specimens, left for six months exposed to the air 
of the room during the cold half of the year, have collected no moisture 
whatever. It may be that the difference was due to the difference in at¬ 
mospheric conditions at different times of the year, but more likely the 
effect was due to impurity, and pure black phosphorus is absolutely stable 
in air. A few simple tests seemed to show that it is much like red phos¬ 
phorus in chemical properties; it is attacked by cold nitric add, is not acted 
on appredablyi|B|i||u1 furic add, and is not dissolved by carbon disulfide. 

When black ^Bosphorus is heated in a dosed glass tube it vaporizes 
and condenses in the colder parts of the tube to red and white phosphorus. 
The appearance under these conditions is exactly the same as when red 
phosphorus is similarly treated. It would seem, therefore, tnat the vapors 
qfiUack and red phosphorus are, at leas^in large part, identical. The 
iM|torization from black phosphorus is slbw, as it is also from red phos¬ 
phorus. If distillation from the hot to the cold parts of the tube is 
pushed to completion by. heating for several hours, the black phosphorus 
leaves behind it a very fine, feathery, black residue, which is unaltered by 
further heating the glass to redness. This residue is in all probability 
the slight impuritjNgf carbon disclosed by 'the above analysis. 

Professor PalacWr uf the University Museum, was kind enough to 
determine the mechanical hardness of black phosphorus and to make 
■a microscopic examination for the crystalline form. The hardness is 
about 2. Under the microscope none of the ground fragments show any 
semblance of external crystalline form. The fragments are opaque, 
except the most minute, which are translucent of an olive-brown color. 
These very minute fragments between crossed nicols show extinction 
and illumination with slight changes of $plor in perpendicular directions. 



Black phosphorus is, therefore, unmistakably oystelHne, and the c ry sta l 
system is not regular; the fragments are too minute to permit any further 
Specification of the system. That the crystalline structure shoulcMbe 
very minute is what one would expect from the rapidity of formation 
and the great distortion during formation under high pressure; in fact it is 
rather surprising that there should be any crystalline structure on a scale 
large enough for microscopic detection. 

The specific heat of black phosphorus was determined by the method 
of mixtures, using about 40 g. of the ground and purified substance. Sev¬ 
eral preliminary determinations gave results near those finally obtained, 
but the proportions of the apparatus were not good. Two final deter¬ 
minations with improved apparatus gave 0.1716 and 0.1685, mean o.i7og. 
cal. per g., as the average specific heat at constant pressure over the 
range from 30 0 to 100 One of the reasons for making the specific heat 
determination was that it might give an idea as to the relative stability 
of black and red phosphorus. Analogy with other substances would lead 
us to expect that the more stable form would have the lower specific heat. 
The specific heat of red phosphorus between 15 0 and 98° has been found 
to be o. 170 by Regnault, and Wigand has found 0.183 for the range o° 
to 51 °, and 0.212 from o° to 134 0 . The agreement between these values 
for red phosphorus is not good, due in part to the different sources of the 
material, but there can be little doubt that the correct value is above 
6.170. It is unfortunate that Hittorf’s “metallic” red phosphorus can¬ 
not be obtained in sufficient quantities for a determinancy of its specific 
heat, because this is apparently the only variety of red phosphorus with 
definite properties. The evidence afforded by the specific heats is not 
very valuable, therefore, but such as it is would indicate that black phos¬ 
phorus is a form of greater stability (greater entropy content) than red 
phosphorus. \ . 

Black phosphorus is a fairly good conductor of electricity, in distfctyH 
tion from white and red phosphorus, which in the pure state seem to be 
nearly perfect insulators. It is usually stated in tables that white phos¬ 
phorus is a perfect insulator, but that red phosphorus has some conducting 
power. This is on the authority of Faraday. The conductivity of red 
phosphorus found by Faraday must have been due to a>me slight impurity, 
however, because very recently Stock and Stamm* mave found that the 
moat carefully purified Hittorff’s red phosphorus is a perfect insulator, 
afid is therefore not at all entitled to its usual appellation of "metallic.” The 
iffedmea of black phosphorus whose conductivity was measured here 
was selected from all the available pieces for its great apparent compact¬ 
ness. It was prepared by turning in a lathe, leaving for the final test a 
cylindrical piece about 1.52 cm. in diameter and 2.69 cm. long. The 
* A. Stock and & Stamm, Ber., 36, 3497-3513 (19x3). 
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dedtoades Were attached by copper plating terminals on the plane ends 
and sideling copper wires to the copper plating. It is possible in this 
wajr to make somewhat better contact than by using a contact with 
mercury, even when the surfaces are freshly scraped under mercury. The 
temperature coefficient of resistance was found between o° and 75 0 in 
an oil bath with thermostat regulation. There may be some slight error 
introduced by imperfect contact at the copper plating; the plating is not 
firmly adherent as to a metal surface, but may be pulled off with the fin¬ 
gers. However, this error can be only slight, as is shown by the nearly 
perfect return of the resistance to its zero reading after raising the tem¬ 
perature to 75 0 . The character of the conduction is entirely metallic; 
there is not the slightest polarization effect on closing or opening the cir¬ 
cuit. Measurements of the resistance were madfe on a Carey Foster 
bridge, using a current through the phosphorus not greater than 0.2 amp. 
The value found for the specific resistance is 0.711 ohms per cm. cube at 


o°. The temperature coefficient 
of resistance has a large negative 
value, and between o° and 75 0 
the relation between temperature 
and resistance is nearly linear. .00 
Fig. 3 shows the relation between 
temperature and resistance over ,7 ° 
this range. It is evident that 1 



presently, at some higher tem¬ 
perature, the curve must depart 
from linearity. The tempera¬ 
ture coefficient of resistance at o° 


Fig. 3.—The resistance in ohms of a cylinder 
of black phosphorus as a function of tempera¬ 
ture. Notice that the resistance decreases 
rapidly with increasing temperature. 


is —0.00465; this is an unusually high value, higher than for any 
substance usually listed. It is about 10 times higher than for carbon, 
anri ma kes it practically certain that the small amount of carbon 
known to be present cannot be taking a large share in the conduc¬ 
tion. It should be remarked that in respect to the sign of the tem¬ 
perature coefficient black phosphorus is not like the metals. The speci¬ 
men of black phosphorus whose resistance was measured contained, like 
all large pieces, a n umb er of fine pores, as is shown by the low value of its 
density, 2.562. Abbut 5% of the total volume must have been occupied 
by pores, therefore. Precisely what effect these pores would have on the 
value of the specific resistance is uncertain, because the shape of the pores 
mak es a diff erence, but in any event the specific resistance of pure black 
phosphorus must be somewhat lower than that given above. 

It may pay to pause here to take thought of this conductivity of black 
phosphorus. Here is a substance which in two modifications possess 
no electrical conductivity, but in some way, when the atoms are rear- 
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lWtycd. Sure ooseiy wjgBtmm? $ acts nwc wuws wi ®#c• <»ii^ 
ttav 5 ' tt MiOd Mi to point to some more deep-seated change ttafr * 
M reanimgemttit of atoms; pottSbly the deetrons ate -qu eeaed hut 
of the atom* by their great propi n qu i ty. Phosphorus is not the* oily 
example of this; graphite and carbon are another ease in which the totalne 
relations of phosphorus are reversed. But in any event, this is a signifi¬ 
cant fact for contemplation. 

As we might expect from its electrical conductivity, black phosphorus 
is also a rather good conductor of heat. Ob s er vatio ns of the thermal 
conductivity were of the roughest qualitative nature; when soldcfctag 
the leads to the copper plated terminals the entire mass of phos¬ 
phorus rapidly became too hot to hold in the hand, very much more rapidly 
than would a piece of glass, for example. 

The magnetic permeability of black phosphorus was very kindly de¬ 
termined in the laboratory by H. C. Hayes. It is feebly diamagnetic; 
less diamagnetic than either red or white phosphorus. He found for two 
specimens the values —o 27 and —o 29 X io~ f . This diamagnetism 
makes it evident that any impurity of iron can be present only in ex¬ 
cessively minute quantities. 

The Relation of the Several Modifications. 

The most important problem connected with this new modification is 
the determination of its relation to the other known modifications of 
phosphorus. It was hoped that the existence of this new modification 
might offer some due to the vexed question as to the true nature of red 
phosphorus. Some facts of importance have been found, but the exact 
nature of the relationship has not yet been discovered. In the course 
of the investigation red phosphorus was prepared in a somewhat unusual 
way, and was found to have slightly different properties from the usual 
varieties. The rest of this paper will contain a description of this new 
red phosphorus and of the experiments to determine the relation of the 
different modifications to each other. 

It seemed reasonable to expect that black phosphorus might be pre¬ 
pared by the application of pressures lower than 12,000 kg. at tempera¬ 
tures considerably higher than 200°. It is surprising that no experi¬ 
ments seem ever to have been made on phosphorus at high temperatures 
at pressures higher than its own vapor pressure. A*long steel cylinder, 
about ’/«inch in inside diameter, was made for the attempt at higher tem¬ 
peratures. The lower end of the cylinder, which was to contain the phos- 
pWrus and was to dip unto a bath of molten lead, was dosed by a packing 
device of copper tings, much like the packing recently described. 1 The 
upjier end of the cylinder projected far enough beyond the lead bath so 
thatft could be kept cool with water, and connection was made at this end 
1 P W Bridgman, Proc Am Acad , 49,627-643 (19x4) 
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wM|mi CaiHetot pomp giving xooo kg. In the first experiment, commer-' 
dft&Tftd phosphorus powder was placed in a trap with a seal of fumble 
ashlar oemtai ning 50% bismuth in the lower part of the cylinder, and ex- 
pdfM to a dull red heat at 400 kg. for 30 minutes. On cooling, and te- 
k p ing pre ssu re, the red phosphorus was found completely permeating 
th| adder. The appearance was that of a solidified emulsion. Evi¬ 
dently at the high temperature the red phosphorus had dissolved in the 
solder and separated out on cooling. If any of the crystallized Hittorfs 
phosphorus was formed, it must have been in very small quantity, al- 
though a fairly large yield might be expected under the conditions of high 
pressure. In a second experiment, in order to avoid the solvent action 
of the solder at thfe high temperatures, pressure was transmitted directly 
to a specimen of red phosphorus by a heavy tempering oil. This was 
heated and pressure applied as in the first experiment. The white phos¬ 
phorus changed to red almost immediately, judging by the sudden drop 
of pressure, but there was no further change The cylinder was found 
filled with red phosphorus and the soft charred residue of the tempering 
oil. In a third attempt, ordinary white phosphorus was placed under 
water, and heated as before to a dull red, pressure being transmitted by 
the water. In this run, pressure was kept at 830 kg. for 6 hrs., then raised 
to 950 kg. for 1*/4 hrs., and then raised to a maximum, 1000, for 10 or 15 
minutes. After this time at the maximum pressure, a slight leak developed 
owing to the stretching of the steel. The cylinder was immediately re¬ 
moved from the lead bath and plunged into cold water The white phos¬ 
phorus was found entirely transformed into a bright brick-red variety, 
compact, and with no evident trace of white phosphorus. This is what 
one would expect from the high pressure of formation ; during the cooling 
there was no chance for any of the red .phosphorus to vaporize and con¬ 
dense as white* The red phosphorus prepared in this way shows in 
general a bright red fracture, but when scratched with a knife or a piece 
of glass shows a gray metallic streak. Furthermore, there are isolated 
patches throughout the maps where the fracture shows black, as if the trans¬ 
formation to black had begun here. The density of fairly large pieces 
,<lf the red phosphorus is 2.26, but the density of the smallest heaviest 
pieces (these heaviest pieces were bright,red in color) was found by the 
suspension method to be 2.387, a value higher than for Hittorfs “metal¬ 
lic" phosphorus (2.34) or even for the “phosphore pyromorphiqut” of 
JoHbois 1 (2.37), about which there seems to be some doubt. 

This red phosphorus was purified by the same method as the black 
phosphorus, although no impurity could be detected in it. When heated 
i# ft dosed tabs it vaporizes and condenses to red and white phosphorus 
l P. Joflbofel, Ctmipi . tend ., 149, 1 3*7-289 (1909); 382-384 (19m). 
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, ,&X*teinrteiJ wre«i re^rtte retowreo tedsM^jmA alflitiiMMi 

iag/tmmmki redphreplMrusuadar teMn<mffipMi«^^Hi 
te nipo a tas e (ithnert ■ y rfkwr) renteteyrefcW? steal tadb>i ‘ShM^Hp 
rad preparation aton the same gtpgr uteteatoiteeak wbtei acnfatedte 
that p repa red at * higher pressure and j s w ar temperature. It It barely 
possible thatthe bright red ctdoc of these two , prepahrtkms isdueto* 
sritmte imfttrity of iron, since both ci Item specimens warn disetey in 
contact with the steel walls of the cylinder. Bed phosphorus heated 
under its own vapor pressure in a glass vessel to a lower temperature 
does pot assume this bright red cedar. However, the* iron present must 
lie very minute in quantity, because the bright red phosphorus can be 
evaporated without sensible residue. 

Apparent ly, the physical information most important for a determina¬ 
tion of the relation of red and blade phosphorus is a knowledge of the 
vapor pressures. The best way to measure the vapor pressure would 
be by use of a quartz membrane, but in the absence of the proper appara¬ 
tus, two attempts were made with other methods. The first was by a 
method due to Hittorf , 1 and apparently not used since. The phosphorus 
under investigation is placed in the sealed short arm of a U-tube, which 
is dosed below by a column of molten metal, as bismuth or lead, which 
exerts no appreciable vapor pressure at the temperature in question, as 
would mercury. The free surface of the metal in the long arm of the 
U is acted on by gas pressure, which may be measured at room tempera- 
tee with an ordinary mercurial manometer. This original design of 
Hittorf s was so modified as to give the difference of vapor pressure of 
the two mo di fic a t ions, by putting red phosphorus in the one arm and 
black phosphorus in the other am of the sealed U and observing the dif¬ 
ference of level of the columns of melted metal on the two sides. The first 
measurement at the temperature of the vapor of boiling sulfur showed a 
greate vapor pressure over the red phosphorus by at least 7 ted *»• «f 
mercury. But later attempts with a modified apparatus to mums vapor 
pressure of the two modifications separately gave values muartoo high. 
Thpre must be some chemic al action between the phosphorus and the 
m s it w i solder. Hittorf found the same thing, although his results, using 
h ta npri fr i teited of a solder of tin and lead* were too low ratter than too 
high, in any event, there is apparently no metal melting w i t te r the 
IMMMMIY JttWWpft tifellptr is tyjlJftMS't cihciQiO&ii ftction* ttOrdl this M wi o 

jrik ; *|s3|a^ ted to he abandoned. ( 1 

mrte^Anafly used a-alrooneorfeinally due to jffittorf, Asm# 
0m m fdregfa*)^ U ftefeted ift ab evacuated tid>e of teown volume and 
• W. Hittorf, rm- Aiw., i»«, i«~atS (Ms)- 
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.4|gPB#1l»aite rinrirH temftn«twi B, After beating kmg enough to mate 
ijwNWff ttte Wffo* has reached k» waxignan pressure, the tube i» removed 
• M iI mO w f w th w ut aBowedto boot qukfcfo at the tempemtoreaf the room. 
■0m 0 aip h Ottte vapor eoedeutt on the sides of the tube as white pfcos- 
jpP W l MH and. Ml amount may be determined either by dissolving it in C&, 
.AM’M i Wfttn i rf , or probably with grader accuracy by determining the loss 
of Wright of tile original specimen. The vapor pressure k then cem- 
pitted; manming that the molecule of phosphorus vapor is 4 -atomic. This 
vaftfe bf the molecular weight seems to be established beyond doubt 
to the temp er a ture range used here . 1 

' Detertnihatioxis Of the vapor pressure of red and black phosphorus 
were made in this way at the temperatures of boiHng mercury and sui¬ 
tor. It is essential that the temperature of the tube be constant, as is 
ensured by a vapor bath, or else there will be a continued distillation from 
the lotto parts to the coder* parts with condensation in the form of 
«M phosphor u s, giving too high a computed vapor pressure. The tem¬ 
perature Was sufficiently uniform during these experiments, for no con¬ 
densed tot phosphorus was found. Care was taken to avoid any possible 
distillation during warming to the temperature of the bath by placing 
the tube suddenly in the vapor after boiling had been going on for some 
time: * 

Task# H.—Vapo* PutsStnm of Phosphomts in cm. of M**cusnr. 
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Tte iptetoto pKtoiui dt dit idtogm 4 m^g this ttonwtti *50 kg., 
it was Increasedriot% 4 “*^^^^to* n “^ 0 «“Orf 4 Dol«- After 
ilel r an, the gfi|i rftftftrtf toi found* to hftVe been expanded by the vapor 
pitMiut wimtn, m tacit expanded, witu enougn tone to stretcn a tarn 
Med shell whWt WHitentd it. The pressure of the vapor must, there¬ 
fore, be considerably above 150 kg., and is probably In the neighborhood 
Of Jdo kg. at a bright red. In a second experiment, red and blade phos¬ 


phorus were placed together in the capsule and heated for about 26 minutes 
to 6ao®. The temperature was read with a pyrometer, but there is possi¬ 
bility of error in tire exact temperature. The red phosphorus (this was 
fhe bright tod phosphorus formed as mentioned above at a dull red at 
900 kg.) had partially melted and solidified to a chocolate-brown mass. 
The black phosphorus showed no signs whatever of melting, but had lost 
its Wight metallic luster. There was no trace of condensation of the 
vapor of the red on the surface of the black. The external pressure in 
tbe nltto ge u Was kept constant for this experiment at 150 kg. The melting 
point of blade phosphorus is therefore probably somewhat higher than 
that of red. A third experiment was made in the endeavor to heat the 
phosphorus hot enough to melt the red but not hot enough to melt the 
toftt£k. If the red and the black stand to each other in the relation of un¬ 
stable ami stable solids of the same liquid, then it might be expected that 
the entire mass of the red would be transformed into black through the 
liquid. The experiment was unsuccessful, however; both black and red 
bad melted together to rite same glassy mass. Evidently, it this experi¬ 
ment is to be successfully performed, the temperature must be capable 
erf inore accurate adjustment than was possible with the crude means 


lit h ud . 


Two expert marts made at high pressures may be mentioned also as 
potolbty throwing some light on the problem. The first was an attempt 
made ’before the existence of blade phosphorus w 4 s known. White phos¬ 
phorus was comp res s ed to 30,000 kg. at room temperature for 13 hours 
wi t ho u t result. One would almost expect rimt'bfajt fc phosphorus would 
hafve been formed at rito high pressure. The acconlf wp cr h n en t was made 
ttfrfntettttenally while determining the f ree zing curve of ordinary white 
phosphorus. Successful measurements of the freezing pressure had been 
made to 130*, and a run had been begun at cv*ty prospect 

m wo c cre , wnea toe C n i f tt H g Of cue fflriwng dwra snml^ trail ttii 
Of apiite liquid to tout of * Squid with »rh|r^pbp ; '% Tbeto waa 
a ptondateded rounding at the corners of rite curve tfving~‘the Change of 
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Sjmctioa of pressure. The impurity did not increase with 
tabs* btst stayed constant after it had once formed. This was shown by 
t|e, jfect that the melting curve could be retraced. On examining the 
^hbsphonts after the run, it was found of a bright orange color. The 
effect was in all probability due to the formation of a slight quantity of 
nSd phosphorus at the high pressure (5000 kg.) and temperature, whi&h 
then dissolved in the white phosphorus. It has been many times suggested 
that the varieties of red phosphorus formed at low temperatures, as 
Schenck's, for example, are really solutions of one modification in the 
other, but this is apparently the first direct proof that such a combination 
of the two varieties really has the properties of a true solution, giving a 
depressed freezing point. The effect was not found on repeating the ex¬ 
periment, but sharp melting curves were found up to 200°. If the effect 
were due to dissolved kerosene, it would have been found on repeating 
the experiment* Probably some small accidental impurity acted as a 
catalyzer during the first run. It is well known that there are a number 
of catalyzers for the reaction from white to red phosphorus at low tem¬ 
peratures. 

Finally, in the light of these experiments, some speculation may be 
allowed as to the probable nature of the phosphorus modifications. The 
problem of white phosphorus II need not concern us here, for this changes 
into I by a reversible process, and presents no greater difficulties (which 
are nevertheless great enough) than any polymorphic transformation. 
The problem of the nature of red phosphorus has chiefly engaged atten¬ 
tion hitherto. The most striking fact is that the density of red phosphorus 
varies according to the temperature of formation. With the exception 
of Hittorf s crystallized variety, it is obvious that red phosphorus is not a 
single well defined substance. This has led Cohen and Olie 1 to suggest 
that ordinary red phosphorus is a mixture of white and Hittorfs phos¬ 
phorus in dynamic equilibrium, the equilibrium ratio of the two com¬ 
ponents changing with temperature. The objection to this is that a dense 
phosphorus formed at a high temperature does not assume the appro¬ 
priate lower density when maintained indefinitely at a lower t e mpe ra t u re. 
The explanation suggested by the above experiments is that red phos¬ 
phorus is a transformation product from white phosphorus to something 
else, in which the transformation kgs not run to completion, but is pre¬ 
vented by friction. The distinction between frictional and riaftuus 
resistance should be kept in mind; viscous resista n ce gradually decreases 
With time, bu^ a true frictional resistance never falls below a certain 
Uniting value*. That there should be a trqe frictional resistance to the 
reaction f* 0 ** os £ to another not surprising, and is, moreover, 
something which has been most sfrpogly suggested by other experiments 
1 B. Cohen and J, &ie, Z. phy*. Ck** t , yi, (19x0), 
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ttflimef til d i ai titt of to i^Mdionia. If tin chamfe feo te whi te 
to fed took place by the growth of a surface of separation with a definite 
velocity, at during the formation of many crystals, then the hypothesis 
of an inposztplete transition would not be t e n a bl e. But apparently the 
change front white to red does not take place in this manner; it has been 
carefully observed microscopically a number of times, 1 and nothing of 
the nature o£ the growth of a surface of separation has ever been detected. 
The method of transition seems rather to be by the formation of micro- 
soopic or sub-microscopic nuclei, which do not grow appreciably in size, 
although Some sort of change whose nature has not been determined does 
go ou within the nuclei. More complete transition from white to red 
phosphorus means the existence of a greater number of nuclei, not an in¬ 
crease in size of the individuals. If the mechanism of transition is by the 
formation erf nuclei, which do not grow, it is at least conceivable that 
there should be a frictional resistance as the space occupied by the nuclei 
becomes greater and they come to interfere more and more with each 
other. The effect of increasing temperature is to decrease the frictional 
resistance to transformation so that the reaction can proceed further. 

The existence of a frictional resistance to transformation makes under¬ 
standable the different densities of red phosphorus formed at different 
temperatures, it shows why we are not to expect a reverse change of den¬ 
sity on cooling to a lower temperature, it explains why the solution of red 
phosphorus in white at the freezing determination at 5000 kg. and the low 
temperature of 175° was so dilute and did not grow in strength, and it 
explains why red phosphorus does not show a sharp melting point as would 
be expected if it were a single pure substance, but instead melts over an 
interval like a solution.* 

The transformation, of which red phosphorus is a part way product, 
may well be a combination of two simpler transformations. It seems very 
reasonable to s up pos e that the suggestion of Wahl* is valid; namely, that 
in ordinary red phosphorus we have a mixture of ammphous glassy red 
phosphorus with oystaHiae grains. The crystaMizarion of “the glass is 
prevented by friction, and a? the temperature rims, a larger part of the 
gfetss crystallizes, m that the density is higher as the temperature of forma* 
tiott is higher. But it is questionable whether all the change of density 
can Is this way; Schenck’s re d ohosKrfxortis has a density 

«t loaned in m experiment by,nqdd cooling 

' ‘ & flMwta m , an, m, ega-OM <wo)., , 

• W. &. Wahl, 0 $. «#. V»k See. F*+., 54, No 9 
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of 2 . i$* It ip very probable that in addition to the effect 
cf Wahl, we must’ regard the glass itself as id a varying state of transforms- 


The problem of the phenomena of vaporization is a complicated one, 
and we which we do not particularly need to consider in this connection, 
ft has been suggested that we probably have to do here with an irre¬ 
versible reaction in the vapor phase. 

With regard to the relation between black and red phosphorus we can 
offer only conjectures. It does seem pretty certain, however, that red 
add black cannot stand in the relation of ordinary monotropic solids. If 
they did bear this relation, the black must be the more stable form, be¬ 
cause of its lower vapor pressure, and in this case we cannot understand 
the failure of the red to condense as black out of its vapor. The fact that 
the black apparently melts to the same liquid as the red is puzzling. It 
may be that the relations here are the same as in the vapor phase; that is, 
liquid black phosphorus may be unstable, and may transform itself irre¬ 
versibly to liquid red as rapidly as it is formed. 


Summary. 


Two pew modifications of phosphorus have been found. The first is 
a ttew modification of ordinary white phosphorus, possibly hexagonal, 
with a reversible transition point at atmospheric pressure at about —76.9 °. 
The second modification, black phosphorus, is obtained irreversibly from 
white phosphorus at 12,000 kg. and 200°. A number of its physical con¬ 
stants have been determined; particularly striking are its high density, 
2.691, and fair electrical conductivity. No attempt to transform either 
white or red to black phosphorus has been successful by any other method 
except that above. Finally, some conjectural explanations of Hie rela¬ 
tions of the various modifications have been given. 


Th* Js»#*r*om Physical Laboratory, 
Harvard Unxvhmuyv? Cambridge, Mass 


(Contribut io ns prom the Chemical Laboratory op Columbia Univbristy. 

No 238.) 

THE DISSOCIATION PRESSURES OF AMMONIUM- AND 
TETRAMETHYLAMMONIUM HALIDES AND OF 
' PHOSPHONIUM IODIDE AND PHOS¬ 
PHORUS PENTACHLORIDB. 

By tan amd Koaas* fsytom Ca lymxy. 

Kwthrad MMr 8, 1914 . 

The dissociation pressures of the chloride, bromide, add iodide of am- 
iaoniam and of phosphoniuxn iodide hove previously been measured. 
The methods tiled, and the results obtained ate discussed below. The 
dissociation pressures of the chloride and iodide of tetrainethytatnmonium, 






AijfflrAMraflfc mmm i^tm mnmmttt mm* f *m cm 
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be denskv ftiST d e gfleeg af dissociation of tie saturated vaoois 
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of t he s e substances, in ifegnrd to vUct no p r e v iou s gue osp yem e q ts Wtyk 
been y fH 4 » T * 

The advantages ami disadvantages of the various methods of measuring 
vapor or dissociation pressures have been considered critically by Smith 
and MaUries. 1 The method of confinement over mercury, in particular, 
» not applicable when, as In the present work, chemical action with the 
mercury occurs. In such cases, various dynamic methods have been em¬ 
ployed. Ti* moat popular of these, Ramsay and Young's dynamic 
method,* however, preamts especially grave irregularities when applied 
to cases of dissociating solids, in five of which, for example, the tempera¬ 
ture of volatOizatioh appeared to be independent of the pressure.* 
the dissociation pressure of a solid may be measured by means of the 
spiral manometer of Ladenburg and Lehmann* or the dynamic* and static* 
isoteniscopes of Smith and Menzies. In the former method, as Smith 
and Menzies pointed out, 7 permanent distortion of the spiral may occur. 
Then too, the expansion of the glass makes the zero point change with 
the te m perature, so that the trustworthiness of the measurements is con¬ 
siderably diminished unless toe spiral is calibrated far each temperature.* 
The method of Smith and Menzies has been used successfully in difficult 
cases by Ruff,* Taylor and Hulett, 10 and Moles. 11 

The Apparatus. 


The iaotwaiscope used id all our work, except that dealing with phos¬ 
phorus gentachloride, was the static. The substance, the vapor or disso¬ 
ciation pressure of which is to be determined, is placed hfc toe small bulb 
shown on the right (Pig. i). The bend is filled with fame substance 
which, at the temperature of the experiment, will melt to give a liquid 
suitable for confining the vapor. The isoteniscope is connected with a 
very large bottle for regulating the pressure. By toe turning of the proper 
stopcock, this bottle can be put into communication, dtlfttr with a similar 
vadnnff bottle, with a compression pump (or the ftsi|^jbere), <* with 

* "fttfta to Vapor Prewire, III," tun 3o mam, •», WffMxe). 

* J. Ckm. Soc., 0 , 40 ; QstwM-iuUwr, fcj) tit. , 

4jpW- ftolK* *7T». «« Of886), 

« tor. ph yl ik. Gw., « r *o (i**). 

*Twt Jornofto, ja, 144s (ipio) 

*!&.«•, *4*9 <>»«>). 

««»*, **4*8 («#*). 


Z, fkyrik. Oem., Sx, 14^ 

•/. fitpa <•»*.', if, gq. 

“Jtw jfefff. mm. ?$■*»., * M» awt.ifa. 
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tNt*r To make a determination of the vapor pressure, the 
h placed in a well stirred bath, at the proper 

tare, and the pressure is lowered until the sub- 



jMvooujit» junucu uuui uic auu* 

stAnce In the bulb boils vigorously. Adhering air, 
moisture, and volatile impurities are thus carried out ^ ' 
pd£t the liquid seal in the bend. The pressure is then 
raised Until the boiling stops and the level of the con¬ 
fining liquid becomes the same in both arms of the 

isoteniscope. The tern¬ 
's perature of the bath and 
" the pressure in the ap¬ 
paratus are then noted 
and recorded. 

The pressure gage, a 
portion of which is shown 
in Kig. 2, was of the 
closed mercury-manome¬ 
ter type. 1 Each arm had 
a length of 2500 mm. and 
an "internal diameter of 
16 mm. The scale was 
engraved on silver inlaid 
in a heavy steel bar. It 
was graduated in mm. 
and calibrated, at 20°, 
against a standard meter. 

The carriage bearing the 
fine, horizontal reading 
line, ruled on glass, could 
be moved up or down on 
the stiff steel rod (diameter 20 mm.) which 
fbrmed its support. A mirror, behind the 
glass tubes and extending the entire length 
of the gage, eliminated errors due to parallax 
in reading. "Three thermometers were sus¬ 
pended at intervals along the gage* That 
they might show the same ttmper*tip€ lag 
IHItltM H as the mercury in the arms of the manom¬ 
eter, their bulbs were immersed in mercury 

■1*4,, 1 Worterected, the gage was repeatedly 

SthamfM to a p re tm re of 0.0a awn. Its madias 
WfMnedeed, at frequent intervals, against a stand- 

ffc* _ ttiI* a*ttng up W cam *a* 

.1 iiOTiiii gaga, ij tsitJkt the seals ntctly vertical. 



Fig. 1.—Static iso- 
teniscope. 



aqd tfaep by distilling it twice in a slow stream of sir.* The pressures 
were reduced to o 6 fed the sea level at 45 0 latitude. 

The tenqremtore measurements were made with a resistance thermometer, 
of the Herftus type. The platinum coil is embedded in quarts. The 
leads are of gold and are uncompensated. This dimple form of thermom¬ 
eter shows almost no temperature lag. In the calibration, Mdch was re¬ 
peated at frequent intervals, the procedure adopted by the Bureau of 
Standards^was used throughout. The standard resistances and bridge 
ratios were combined in the dial decade boa of Leeds-Northrup. The 
coils Were of manganin for which the temperature coefficient of resistance 
is low. 4 

The temperature scale is that based upon the ice point, steam point 
and sulfur boiling point, the latter being taken as 444.7 °^mpfcant volume 
nitrogen scale). The temperature error is less than **0.2||l the highest 
readings. JF 

The liquids used in the heating \>ath, and the tempdtetures at which 
each is suitable, are as follows: water, o—70°; paraf^m 60—190°; fused 
sodium nitrite (10 parts), sodium nitrate (19 parte), and potassium ni¬ 
trate (33 parts), 190-300°; eutectic mixture of uiti&tes of potassium and 
sodium (equimolar), 218-500°. * f 

The bath vessel was a two-liter Jena Mttffcer, of the tall form, jacketed 
by a glass battery jar from which the Wttom had been removed. The 
2 cm. space between the beaker and tlteltettery jar was closely packed with 
asbestos wool, two small windows being left on opposite sides and about 
midway between top and bottom? To increase the accuracy of leveling 
the liquid in the isoteniscope, a She wire was stretched fcoriaontally across, 
the front window and an elecdric light was placed just behind the other. 
The brute stirrer consisted^ four propelkxrs attached to a vertical Shaft 
driven by a high speed motor. The bath was heated by a vulcan burner. 
With a divided gas stream and screw clamps, the supply of gas could be 
so controlled as to keep the temperature constant for ajj* considerable time, 
to within * o.i °# even above 400°. ^ 

Ammonium Bromide. J* 

ffrwm Pe terndh a t fona.—F. M. G. Johnson,* usatepm spiral mmooi- 
«^,has<tet*nma^ of three|ptemmium halides, 

^regard to his temperature measurements, the folloffdg points 6 should 

d Hfid&rabd, This Journal, 11, 933 (1909). * $/ 

< of fttetetfsd Mi ac hin, Pkync. &*., 

4 WaidHer and fr u rye w , Bull. Bur. Standards # 6,150 

hi 4». ’ 

6 &. Cbm ., % 30-40 (1909). 

• For a dctaBed (SltcnmUm see Smith sad Maudes, Tats JotntHAi,, 33,1456 (1910). 
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b^nojhed:, (1) The heating bath, of air, was unstirred; (a) the dissociating 
substance and the glass spiral, in which the pressure was registered, were 
hept at different temperatures; (3) the temperatures were read by means 
of mercury thermometers, either of the ordinary type or nitrogen-filled. 
The tmtmetworthiness of mercury thermometers set high temperatures 
n$ed not be pointed out; (4) no satisfactory provision was made for re¬ 
moving water vapor and gases adsorbed by, or adhering to the substances 
and the interior of the apparatus. 

The Present Measur e me nt s* —The sample of ammonium bromide used 
by us was purified by recrystallization and then by sublimation. The con¬ 
fining liquid in the isoteniscope consisted of fused silver bromide, to which 
had been added ammonium bromide sufficient in amount to lower the melt¬ 
ing point from 426* to 255 This mixture was without visible action 
on the vapors formed by the dissociation. 

After the raising of the pressure until the boiling of the ammonium 
bromide ceased, there was observed a slow, uniform increase in the pres¬ 
sure of the vapor. Thus at 388.9°, the pressure rose 650 mm. in ten min¬ 
utes, 2 mm. in the following 10 minutes, and approximately 2 mm. in each 
of the succeeding ten-minute periods. The enormous difference in the 
rates of increase shows that there must be some secondary change. The 
slow increase may be due to a dissociation of hydrogen bromide (produced 
in the primary dissociation) and the removal of either the hydrogen or 
bromine by the confining liquid. Or, more probably, it may be due to 
the dissociation of ammonia. It is well known that the reaction 2NH® 
^7 Na + 3Ha occurs as the temperature nses, and that at 327°, for ex¬ 
ample, the equilibrium, if reached, would leave over 90% by volume of the 
free dements 1 . In any case, the increase is very slow, and we have elim¬ 
inated its effect altogether by correcting all pressure readings back to the 
time zero, at which the boiling out ceased. This is illustrated in the table 
bdow, which gives the readings in a preliminary experiment at 388.96°: 

Time (min) 10 ^20 30 40 50 Zero 

Pressure (mm) 671 x I77 4 678 9 680 5 682 3 Mean 673 4 

AP . . 22 15 16 1818 (calc) 

The deviations in the value of AP from the mean (1.8 mm!) correspond to 
temperature differences of less than 0.03°, which is about the limit of ac¬ 
curacy in tie temperature control. The size of the correction factor de¬ 
creased as the temperature was lowered. For an entire series of pressures 
and tempmratffb^ the correction averaged x.i mm. That Johnson did 
not detect this increment of pressure is probably due to the fact that it 
is dose to the limit of Sensibility of the spiral manometer, said by him to 
be "of the order of 1 into.” 

1 Haber and Van Oordt/Z. <m wrg. Chm., 44, 356 (1905) m 
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iidlv #N# iftkaid ml # tiftf'c fco e-M fPMM^l fa i tMttfbr. thi p oints iNte 
feMKS 1w'8d Cfoaefy id^ l 'a shfootifed cwfve. Three points on this curve 
(jbo°, ico.6 mm.; J70*. 404A mm.; apd 397 °, 806-9 man.) mm used to 
evaluate tte constants ip the Kirchhoff-Rai^n-Duprf formula, tag # ** 
—A/T + B log T + C. This equation, with the constants introduced) 

becomes 

fog f m —2056.541/T + 9.54014 tog T — 20.9846$. 
ffinoe points cakulated'from the equation must he exactly on a perfectly 
smooth curve, (he irregularities in the individual pressures and tempera¬ 
tures observed can be shown by the magnitude of their deviations from 
the values found from the formula. Table I gives the observed pressures 
(Col. 1), those of the second series of measurements being distinguished by 
the asterisk; the observed temperatures (Col. 2); the temperatures calculated 
from the above formula (CoL 3); and the differences (A) between the ob¬ 
served and the calculated temperatures. The temperatures are given to 
the second decimal place, because in comparing the values, this figure is 
sigg&ific&jtyt. 

Table I —Dissociation Pressures q# NH«B*—Observations. 


fram 

Temperature. 


Preee 


Temperature. 


*£ 

' OM. 

Crfad 

A. 

Mm. 

Obad. 

Calcd. 

A. 

928.6* 

402 87 

40a 68 

-fo 19 

421 6 

37* 60 

371 S3 

+0 07 

7$9 3 

396.21 

396 17 

“ho. 04 

334 ■ 7 

362 40 

362 79 

!r~° 39 

79 * 3 * 

396 a* 

396 34 

— 0 12 

329 9* 

362 50 

362 27 

-ho 23 

66a 2 

389 01 

389 «o 

—0 09 

227 9 

348 63 

34 s 64 

—0 01 

66*. 9 * 

388 96 

389 08 

—0 12 

1313* 

3^9 10 

3^9 12 

—0 02 

MS. 9 

380.30 

380 61 

—*> n 

59 3 * 

303 «5 

302 7* 

+0 47 

434 ** 

380.37 

380 63 

—*0 12 






Th* algebraic sum of the differences between the observe^ and the cal*' 
cujated temperatures is +0.02 °, or dose to zero, as it should be. The 
mean deviation of a single observation from the curve is 0.15°. 
The observations are therefore consistent. This deviation is within 
the limits of error of the absolute temperature measurements them¬ 
selves (less titan *o.t°), so that the smoothed curve as a whole is 

(Vf^KNy QOffICCI tO *0$3 • 

The dtamdattan pr e s su re s of ammonium bromide, for rounded t emp er a - 
tntes/are given to Table n. The pressures in the second cohmm (S. and 
CJ have been calculated from the formula; those in tike third col umn (j.) 
w»wv w^ss wt&M3L a large curve jnOttM ltviii tec results of Jtv. !&« Ur, 
JofttuMfc. This table riwws, as do also the curves (Fig. 3), that the differ- 
CSMjVA b«apaaP our t hfv* rtf Jnl^yton ft* fhr> 

ianpuillKeii at which a nsercury the naamet er k c ykffl y 
At apt.fi* thto djjferenee is 45 mm. 
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pFMSttN. 


at tc 

l 

ttdtp. 

aic 


SOO 

55 0 

56 

3»0 

535 5 

548 

320 

too 6 

101 

390 

677 5 

7*8 

340 

its a 

180 

394 6 

760.0 

805 

360 

m 4 

316 

400 

868 4 


370 

404 » 

421 

4*3 

935 * 

* 


Ammonium Iodide. 

f The Present Measurements. —A c. p. ammonium iodide was purified 
by recrystahfefttion and dried by heating tn vacuo at ioo°. It was not 
resublimed because, at high temperatures, it is decomposed by moist air 
With the formation of free iodine. Sublimation of a substance to be used 
in the isoteniscope is really unnecessary. The repeated boiling out, 
before each reading, removes the volatile matter; non-volatile matter does 
pot affect the vapor pressure of the solid, unless contained in solid solu¬ 
tion. 

The confining liquid was fused silver iodide (m. p. 530 °) 1 to which had 
been added an equal weight of ammonium iodide. The mixture froze at 
$60°. 

In the heated vapor of ammonium iodide the following changes occur 

NH4I NHi + HI 

2HI ±5: H, + I, 
aNH* 3H, + N, 

The hydrogen iodide 1 and ammonia dissociate very slowly. Since we 
desired to measure the pressure due to ammonium iodide and its primary 
dissociation products only, we have eliminated the effect of the slow, uni¬ 
form increase in pressure produced by the secondary changes. The data 
below, taken from a preliminary observation at 346°, will show the method. 
The time is expressed in minutes after the boiling out ceased. 

Time (min) .. 10 20 30 40 50 60 70 

Pressure (mm.) 164 1 165 2 166 1 166 5 166 7 167 2 167 6 

AP ..... 11 09 04 02 05 04 

The mead value of AP is 0.6, and the pressure at zero time, therefore, 
163.5 mm. 

As was to be expected, the correction factor became larger at the higher 
temperatures, at which alight traces of free iodine could be detected in 
the Isoteniacope. Johnson observed a rise in pressure of 10 mm. per hour 
at 057*. Although he worked rapidly, the accumulation of free iodine 
»Uttfctt aad BCnwtem, TaMUn, [4] say. 

* At 350* and jSo mm. prewa re, hydrogen iodide i» diwodated to the mteat <f 
4% after #4 hoot*' tins. Boden s trin . Z. pkyiii. Chtm h 13,117 (1844)- 
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in the spiral during an entire series of pressure and temperature readings 
ntflst have been considerable. 

The Results. —From the final temperature-pressure readings a large, 
smooth curve was constructed. A Kirchhoff-Rankin-Dupr£ formula, 
for this curve, was calculated from the following fundamental points; 
340°, 130.3 mm.; 380°, 407.3 mm., 400°, 675.2 mm. The equation, 
with the constants evaluated, is 

log p « —7714.591/T —10.04345 log T + 42.69560. 

Table III gives, for each pressure, the temperature observed, the tem¬ 
perature calculated from the formula, and the difference (A) between the 
two values. In two cases only does the difference exceed 0.14 0 . 


Table III — Dissociation Pressures op NHJ— Observations 


Frew 

Mm. 


Temperature. 


Press 

Mm 


Temperature 


Obad. 

Calcd. 

A. * 

Obsd 

Calcd 

A. 

830 3 

408 54 

408 63 

+0 09 

335 6 

372 69 

372 73 

4-0 04 

704 6 

401 74 

401 77 

4-o 03 

238 0 

360 33 

360 34 

4-o 01 

699 3 

401 38 

401 43 

4-o 05 

153 3 

345 93 

345 35 

—0 58 

576 5 

393 63 

393 57 

—0 06 

156 1 

345 79 

345 93 

4-o 14 

45* 9 

384 06 

384 07 

4-o 01 

64 0 

317 80 

3i8 05 

4-o 25 

339 3 

372 99 

373 13 

+0 14 


Algebraic sum 

4-0 12 


The equilibrium pressures for ammonium iodide at rounded tempera¬ 
tures, are given in Table IV. The pressures in the second column (S. & 
C.) have been calculated from the formula; those in the third column (J.) 
have been read from a large curve plotted from the data of F. M. G. 
Johnson. 1 


Table IV — Dissociation Pressures op NHJ at Rounded Temperatures 



Pressure 



Pressure 


Temp 

S ft C 

J 

Temp 

s&i 

j.' 

310 

48 5 

67 

0 

00 

*0 

407 3 

512 

330 

95 0 

127 

390 

527 0 

662 

350 

»76 3 

219 

400 

675 2 


360 

235 7 

291 

404-9 

760.0 

. . 

370 

311 5 

384 

410 

857 0 



As seen from the table, and also from the curve (Fig. 3), the pressures 
found by Johnson are much higher than those found by us for the same 
temperatures This difference is 18 mm.*at 310° and 135 mm. at 390°. 
As* stated above, the pressures given by Johnson probably include consid¬ 
erable partial pressures of hydrogen and iodine produced by the dissocia¬ 
tion of hydrogen iodide, especially at the higher temperatures. 

Ammonium Chloride. 

Previous Determinations. —The dissociation pressures of ammonium 
chloride have been determined by a number of investigators but with 
1 Since the pressure-temperature points of Johnson are rather irregular, we have 
smoothed the curve as indicated in the small figure in his dissertation (Breslau,-1908). 
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only Mr Agreement b etw e e n the results. The spiral manometer, as used 
by F. M. G. Johnson, 1 has been described and discussed under ammonium 
bromide, above. 

* Ramsay and Young have measured the dissociation pressures by two 
widely different' methods. In the dynamic method,* a thermometer was 
inserted into a hole bored in a block of solid ammonium chloride. Then 
the block, with the thermometer, was placed in a combustion tube heated 
to about 30° above the probable temperature of sublimation for ammonium 
chloride. The pressure in the combustion tube could be varied at will. 
When the thermometer reading became constant, it was considered that 
the surrounding solid was at the sublimation point for that particular 
pressure. In the .static method 8 of Ramsay and Young, ammonium 
chloride was heated and the vapors confined over mercury. The hydrogen 
chloride produced in the dissociation reacted with the mercury at a rate 
Which necessitated a rather large correction for the change of pressure 
with time. Another source of uncertainty lay in the slow diffusion of 
the mercury vapor into the vaporization chamber. The authors ascribe 
to thermometric errors the differences in the values found by the two 
methods. At the highest temperatures, this difference amounts to ioo mm. 

Smith and Menzies 4 have determined the dissociation pressures of am¬ 
monium chloride by the dynamic isoteniscope, alkali nitrates being used as 
the confining liquid. The vapors acted chemically on the fused nitrates, and 
the production of a gas made impossible the adjustment of the pressure 
until the bubbling entirely ceased. Their experiments were intended es¬ 
pecially to show the value of the isoteniscope even when used under un¬ 
favorable conditions. 

The Present Measurements. —The measurements were repeated, partly 
for the purpose of using the static isSteniscope with this substance, partly 
because results covering a wider range of temperature were desired, and 
partly in order that the pressures and vapor densities (the latter to be 
determined subsequently) might be correlated by using identical samples 
of ammonium chloride and thermometers calibrated in exactly the same 
manner. 

For most of the readings, the confining liquid here used was a fused 
mixture of silver chloride and ammonium chloride, in approximately 
equal parts by weight. This liquid froze at 290°. At 275°, the liquid 
employed was recrystallized bismuth; at 249°, it was Kahlbaum’s tin. 
OxftUttion of these metals was prevented by displacing the air in the appa- 

1 Z. physik. Chm 61, 438 (1908) 

1 Ramsay sad You*#, Phil. Trans , 177* 9 ® (1886). This method had been used 
prevfcpisly by Horamarm 43 er., a, 137 (1869). 

1 Ramsay sad Yeung, Phil. Trans., 177, 86 (1886). 

4 Tws Journal, 3* *457 (1910). 
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at the beginning with illuminating gas. All pressures were read ten 
Deputes after the “boiling out” had been stopped and were corrected to 
th£ time zero by subtracting the uniform increment of pressure found for 
succeeding ten-minute intervals. The correction factors averaged legs 
than 1 mm. 

The Results. —Table V contains: the observed pressures (Col. 1), those 
of series 2 being marked with an asterisk; the observed temperatures 
(Col. 2); the temperatures calculated (Col. 3) from the equation for the 
smoothed curve, log p = —1920.357/T + 9.778609 log T —21.21708; 
and the differences (A) between observed and calculated temperatures 
(Col. 4). The vapor-pressure formula given above is based on the follow¬ 
ing points: 280°, 135.0 mm.; 312°, 362.4 mm.; 338°, 764.8 mm. 

Tabu* V. —Dissociation Pressures op NH 4 C1— Observations. 


pr 


Temperature. 


Pre» 


Temperature. 

Mm. 

Obad. 

Cmlcd. 

A. 

Mm. 

Obsd. 

Calcd. 

A. 

949.6 

345 91 

345.86 

+O.05 

422.9* 

317-35 

3I7.26 

+0.09 

949-5* 

345 96 

345 84 

+0. 12 

326.7 

308.45 

308.53 

—0.08 

840 8 

341.35 

341.43 

—O.08 

325.8* 

308 37 

308 43 

—0 06 

826 7* 

340 90 

340 82 

+0.08 

238.5 

298.16 

298.15 

+0.01 

7* 1 5* 

335 4i 

335 43 

-0.02 

238.1* 

298 II 

298 08 

ho 03 

684.4 

334 oS 

334 04 

-ho.04 

114.2 

275-00 

274.85 

+0.15 

544 2 

325 85 

325.95 

- O. IO 

113-8* 

275 *5 

274-75 

+0.40 

546.6* 

32582 

326.09 

- 0.27 

49 5 

248.46 

249-99 


424 1 

317 27 

317-35 

-0.08 


Algebraic sum 

+0.30 


It will be seen that the differences between observed and calculated 
temperatures are greater than o.i° for only five of the seventeen obser¬ 
vations. At the lowest temperature there is a large deviation (1.53 °) 
which corresponds to a pressure difference of 2.6 mm. Much more weight 
is here to be given to the calculated than to the observed temperature, 
since the tin, used as confining liquid at this one temperature only, reacted 
with the vapor. The dissociation pressures, for^rounded* temperatures, 
are tabulated below 1 (Table VI). 

Table VI. —Dissociation Pressures op NH 4 C1 at Rounded Temperatures. 


Temp. 

Press. 

Temp. 

Praia. 

250 

495 

320 

- 4 i*-i 

270 

975 

’330 

610.6 

280 

135.0 

337-8 

760.0 

290 

185.3 

340 

808.2 

300 

252.5 

345 

927.6 

310 

341-3 

350 

IO63.O 


These results and those of other observers are plotted in Fig. 3. The 
prediction 1 that, on account of lack of time for the attainment of full dis- 
1 For the dissociation pressures found, by other observers, for rounded tempera¬ 
tures, see Smith and Menzies, This Journal, 32 ,1458 (1910). 

1 Smits and Scheffer, Z. phyrik. Chem., 65, 70 (1908). 



t$f 4 AMSXAHtm MSK AND fcOBSftT PAYTON CAtW. 

sodation, pressures found by the dynamic method would be very much 
lower than those determined by the static method has not been rtpl- 
ized. That the pressures by the dynamic methods would be slightly 
lower is obvious, since the substance, which is boiling slowly, must be 
cooled somewhat below the temperature of the surrounding bath. The 
pressures (dynamic) of Smith and Menzies 1 are, on the average, lower 
than are those found by us (static) by 7.5 mm. 

Tetramethylammonium Chloride. 

Previous Obseivations.— Practically nothing is known of the tempera- 
tines at which the tetraalkyl-ammonium salts sublime. This may be due 
to the fact that, before the submerged bulblet was described, 2 the organic 
chemist had no convenient method for the accurate determination of the 
boiling point of a non-fusing solid. 

With regard to tetramethylammonium chloride, Lawson and Collie 3 
state that it “decomposes above 360 °,” yielding trimethylamine and methyl 
chloride. The reaction is similar to that for the dissociation of an ammo¬ 
nium halide. 

N(CH,) 4 C 1 ^ N(CH 3 ) 3 + CH3CI. 

Wagner 4 says that tetramethylammonium chloride “begins to decompose 
at 230 0 and volatilizes rapidly at 280°. ” Our results show the equilibrium 
pressure at the lower of these temperatures to be nearly one atmosphere. 

The Present Measurements.- The confining liquid was mercury, which 
had been carefully purified by spraying several times through dilute nitric 
acid and then distilling twice. During the period of 45 minutes, which was 
the average time required to obtain equilibrium, the mercury vapor was 
able to diffuse back to the surface of the subliming solid. Thus the total 
pressure observed was the sum of the partial pressures of mercury and of 
tetramethylammonium chloride. At each temperature, the correspond¬ 
ing vapor pressure of mercury has therefore been subtracted from the 
observed pressure. The pressure to be subtracted varied, according to 
the temperature, from 11.0 to 43.1 mm., and was obtained by linear, in¬ 
terpolation from the final table of Smith and Menzies. 8 

The tetramethylammonium chloride was purified by recrystallization 
from alcohol. It was dried, for a day, at ioo° and then pulverized. 

A difficulty arose in the very slow rate at which the system solid-vapor 
reached equilibrium. At 245 °, for example, the pressure reached only 
182 mm. during the first hour, although the equilibrium pressure for this 

*{ 3 mith and Monties’ temperatures, based on the scale S. B, P. « 445 o° have 
been reduced, for the purpose of this comparison, to the scale S. B. P - 444 7 0 . 

3 Smith and Menzies, This Journal, 3a, 897 (1910). 

• /. CJmn. Soc., 93,694 (1888). 

4 B, KrystaU . Mm 43, 179 (1907). 

1 This Journal, 3a, 1447 (1910); Ann. Physik, {4} 33, 988. 
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temperature is more than 760 mm. Two methods of producing equi¬ 
librium in a shorter time present themselves: first, the use of a suitable 
catalyzer afid, second, the heating of the substance to a high temperature 
in order to obtain a large pressure of the dissociation products and then 
cooling until recombination begins to occur. The second procedure 1 
was adopted. It is illustrated by the following, typical set of readings 
which was obtained in one of the preliminary experiments: 


Temp. 

Frew 

A P (per 10 mm ) 

Mm 

Change 

228 7° 

660 5 

— j— 11 0 

Dissociation 

228 2° 

662 5 

f 2 6 

Dissociation 

227 8° 

661 0 

0 2 

Combination 

227 85 ° 

661 0 


Equilibrium 


At lower temperatures the dissociation was even slower than in the fore¬ 
going example, and the individual readings are therefore probably less 
accurate than are those obtained with the simple halides. \t is estimated, 
however, that the temperatures (absolute) read from the smoothed curve 
(Fig. 4) are accurate to less than =*=0.4°. 



Temperature Cetaus 

Fig 4 


The Results.— Table VII shows, for each pressure, the temperature ob¬ 
served, the temperature calculated from the Kirchhoff-Rankin-Dupr£ 
formula, and the differences (A). The formula is based on the followi ig 
points on the curve: 190119.4 mm.; 220°, 398.0 mm., 230°, 641.8 mm. 
The equation, with the constants introduced, is 

logp - 23649.7/T + 132.316 log T — 401.3121. 

1 This method has been used by us m earlier, unpublished experiments, on the dis 
sociation of mercuric oxide It has since been described by Taylor and flulett, J 
Phys Chem., 17, 571 (1913) 
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Taw,« VII.—Dissociation Puwsiraas of N (CHi) 4 C 1 — Obssfvations 


hw. 

Mm. 

Obed. 

Temparatwe. 

Calc*. A. ^ 

Mo! 

Obed. 

Temperature. 

Calcd. « 

A. 

690 

231.5 

231.5 0.0 

312 

213.3 

214.4 

—I .'I 

567 

227.I 

227.4 —03 

187 

202.4 

202.3 

+0.1 

430 

222.5 

221.6 +0.9 

108 

186.6 

186.8 

—0.2 


The mean deviation of the observed points from the smooth curve rep¬ 
resented by the equation is 0.4 0 . Readings from the curve (or calculations 
from the equation), relatively to one another, should therefore be accurate 
to within **=0.2°. 

The equilibrium pressures, calculated from the formula, for rounded 
temperatures, are as follows: 


Temp.: 190° 200 0 210° 220° 225 0 230° 233.3° 

Pressure (mm.)... 120 171 256 399 504 643 760 


Tetramethylammonium Iodide. 

Lawson and Collie 1 state that “decomposition” of tetramethylam¬ 
monium iodide occurs “at a temperature not much short of a low red 
heat.” According to Wagner, 2 “decomposition begins” at 230°. 

The Present Measurements.—The dissociation pressures were de¬ 
termined by means of the static isoteniscope, with the eutectic mixture of 
the nitrates of sodium and potassium for confining liquid. The tetramethyl¬ 
ammonium iodide was purified by recrystallization from water. Its 
vapors had no action on the molten nitrates. 

The pressure in the isoteniscope, at each temperature, was found to rise 
at a very rapidly decreasing rate for a few minutes. Then the increase in 
pressure became slower and almost uniform. Thus, in a preliminary ex¬ 
periment, at 276.0°, the change in pressure with the time, after the boiling 
out process was stopped, was as follows: 


Time (min.). o 5 10 15 20 25 50 

Pressure (mm). .. 224.9 3087 326.6 338.5 344-* 349-8 375.7 

AP. 83.8 17.9 11.9 5.6 5.7 5X5.2 


The consideration of the time-pressure curve shows clearly that the rapid 
rise in the pressure for the first 15 minutes and the slower increase during 
the next 35 minutes cannot be due to the same cause. It seems certain 
also that the rapidity of the first change must be due to the dissociation 
into tnmethylamine and methyl iodide. 

N(CH*) 4 I N(CHi), + CHJ 

Thfcto the methyl iodide, in turn, undergoes decomposition, a change 
observed by Lawson and Collie, 1 and confirmed by the darkening of the 
tetramethylammonium iodide and the walls of the isoteniscope 

1 ftOe. ciL 

• Z. Kryst. Min., 43,180 (1907). 
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during measurement. That the confining liquid played no part in this 
decomposition was shown by substituting bismuth and various alloys 
for the nitmtes. In each case the same results were obtained. Also, 
the darkening of the material and isoteniscope occurred in parts of 
the apparatus never reached by the confining liquid. Since we desired 
only the pressure of the undissociated molecules and of the primary dis¬ 
sociation products of the salt, we have corrected all pressures, read at the 
end of the period of rapid increase, back to the time when the “boiling 
out” was stopped. The method used is described in the section on am¬ 
monium bromide. 

The Results.—The temperatures and corrected pressures were plotted, 
on a large scale, and a smoothed curve (sec Fig. 4) was drawn to fit the 
observations. From three points on this curve (264°, 188 mm.; 290°, 
455 mm.; 302°, 678 mm.) the following equation was derived: 

log p = 1493.085/T +■ 24.96449 log T — 68.65910 
The results are tabulated in the form already described. 

Table VIII - Dissociation Pressures ok N(CIIs)J —Observations. 

Temperature. 


Mm. 

Obstl. 

Culc. 

A. 

781 

306.2 

306 1 

+0.1 

698 

303.0 

302.8 

+0.2 

547 

295 8 

295 5 

+ 0.3 

431 

287.4 

287.7 

— 0-3 

298 

27O.6 

277 5 

—0.9 

166 

260.6 

260.6 

0.0 

88 

242.6 

* 242.3 

+0.3 


The following data show the pressures, calculated from the equation, 
for rounded temperatures: 

Temp . 240° 260° 280° 290° 3CX) 0 305.5 0 307 0 

Pressufe (mm.). 81 164 325 455 635 760 799 

Phosphonium Iodide. 

Previous Observations.—Phosphonium iodide, when wanned gently, 
volatilizes rapidly and dissociates according to the equation: 

PHJ (solid) ^ PK 4 I (gas) ^ PH, + HI. 

F. M. G. Johnson 1 has measured the dissociation pressure at various tem¬ 
peratures, a fact which came to our attention only after our measurements 
were completed. A stirred water bath was used for heating the bulb con¬ 
taining the phosphonium iodide and the attached spiral manometer. 
Since the temperatures were all below 62 °, the errors due to the mercury 
thermometer and to the shifting of the zero-point of the glass spiral were 
at a mintmtitn The chief sources of uncertainty which characterized 
1 This Journal, 34, 877 (19x2). 
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Johnson's earlier vapor-pressure measurements (with the exception of the 
adsorbed gases), were thus eliminated. Our results are published, partly, 
to show the concordance in the values obtained by the isoteniscope 
and the spiral manometer when the necessary precautions are used in 
both cases. Confirmation of Johnson's work seems desirable, also, since 
his results lower the boiling point of phosphonium iodide from 8o°, the 
commonly accepted value, 1 to 62°. 

The Present Measurements. —The static isoteniscope was used, frac¬ 
tionated benzyl benzoate serving as the confining liquid. The fraction 
chosen had a vapor pressure of 718 mm. at 310°, 329 mm. at 280°, and 
53 mm. at 220°. The curve connecting these points shows that, at 66°, 
benzyl benzoate would have a vapor pressure lower than that of mercury, 
which is negligible at this temperature. 

As the result of some recent investigations, Holt and Meyers 2 have con¬ 
cluded that, in carefully dried phosphonium iodide vapor, there occurs 
a secondary reaction in which the hydrogen iodide and phosphine give 
some free hydrogen and phosphorus iodide. Such a change was indicated 
in our experiments by a slow, uniform increase in the pressure with the 
time. Correction has been made for this effect. Holt and Meyers state 
that phosphorus iodide is not formed if a trace of moisture is present. 
For this reason, perhaps, Johnson obtained no evidence of its formation. 
His method did not provide with certainty for the removal of the last trace 
of moisture (and foreign gases) from the spiral manometer and from the 
material in the vaporization chamber. 

The Results.- The results obtained by us are tabulated below (Table 
IX). 

Table IX. —Dissociation Pressures or PH 4 1 —Observations. 

Series I. Series II. 


Press. (Mm.). 

Temp. 

Press. (Mm.). 

Temp. 

9140 

65 92 

922.1 

66.22 

795 0 

6347 

798.3 

63.52 

662.8 

60.13 

667.7 

60.08 

532.6 

56.06 

533-2 

56.19 

401.2 

51.29 

408.7 

51.46 

301.0 

46.69 

301.9 

46.58 

195 3 

39-«2 

196 0 

39 78 

109.0 

30.63 

118 1 

31 01 

39-3 

16.08 

40.9 

16.98 


The agreement between the values found by Johnson (J.) and those by 
us (S. & C.) is shown for rounded pressures in Table X (see also Fig. 5). 

1 Abegg, "Handb. anorg. Chemie,” Vol. Ill, Pt. 3, p. 398; Moissan, Ckm . Min., 
I, 758. 

* Z . anorg . Ckem ., 82, 281 (1913). 



DISSOCIATION PRESSURES OP HALIDES, ETC. 1379 

Table X.— Dissociation Pressures or PHJ— Rounded Values. 


Dimoc. 

Press. 


Temperature. 


'j. 

S. & C. 

A. 

50 

19.26 

19.21 

+0 05 

IOO 

2933 

28 92 

+0 41 

200 

39 . «9 

40 09 

—0.20 

300 

46.40 

4^-55 

— 0.15 

400 

51 08 

51.16 

—0.08 

500 

54-94 

55 02 

-0.08 

600 

58.16 

58.20 

-0.04 

700 

60.73 

61.10 

0-37 

760 

62.00 

62.61 

—0.61 

800 


63.56 

... 

900 


6568 




Temperature Ceblut. 

Fi*. 5 . 

The dissociation pressures read for rounded temperatures, from our 
curve are: 

Temp.. 15° 30° 40° 50° 60 0 62.6° 66° 

Pressure (mm.) __ 36.0 107.8 199.0 368.1 6600 760.0 91; 5 

Phosphorus Pentachloride. 

Previous Observations. —Although there has been much work and dis¬ 
cussion on the dissociation of the superheated vapor of phosphorus 
pentachloride, neither the pressure nor the density of the vapor in equi¬ 
librium with the solid phase has ever been determined. The sublimation 
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point for phosphorus pentachloride, based on qualitative work of Cas- 
selffiaan, 1 is usually given as 140-148°. Recently, Prideaux,* by intro¬ 
ducing a thermometer into vapor of phosphorus pentachloride, found the 
vapor to condense at a temperature of 160 0 . This he accepts as the lower 
limit for the sublimation point. The upper limit is the melting point, 
found by him to be 162°. Our work gives somewhat higher values for 
both the boiling and the melting point. This was to have been expected, 
since, in our experiments, the repeated fractionation expels the last traces 
of all volatile impurities. 

The Present Measurements* —Since the chlorinating power of phosphorus 
pentachloride is extremely high, it was very difficult to find a suitable 
confining liquid. A fused mixture of saturated chlorides might be expected 
to have no action on the vapors. We were unable, however, to devise 
such a mixture, of melting point sufficiently low, that was not hygroscopic 
or that had no considerable vapor pressure of its own. Other liquids tried 
were the eutectic of silver and thallium nitrates (m. p. 67 °), the eutectic 
of silver and potassium nitrates (m. p. 131 °), purified mercury, sulfur, and 
r-—paraffin. Paraffin, the least active, was chosen for 
the final experiments. The sample of paraffin used 
] was freed from its more volatile constituents by heat¬ 

ing at 200°, under a pressure of 20 mm. for an hour. 
It was then placed in the dynamic isoteniscope in 
which slow interaction between the vapor and confining 
liquid can be neglected. 1 

The phosphorus pentachloride is contained in the 
small bulb to the right (Fig. 6). To obtain a read¬ 
ing, the pressure in the isoteniscope is lowered until 
the pentachloride sublimes rapidly, giving a rapid 
stream of bubbles through the paraffin. Then the 
pressure is raised until the point is reached at which 
the vigorous bubbling ceases. The pressure required 
—. to stop the sublimation is the vapor pressure for that 
ic particular temperature. The readings are not so 
U accurate as are those taken with the static isoteni- 
J ^ scope since bubbles of gas continue to be produced 

ns*W®' slowly, as a result of the interaction of the paraffin 
IPg® and phosphorus pentachloride. However, the bub- 
bling due to boiling is so much more vigorous than 
Fig. 6.— Dynamic iso- that oue to secondary chemical action that it is not 
temscope. difficult to determine, with fair accuracy (^5*nm.), 

1 Lieb. Anti 83, 237 (*852). 

* J. Ckem> Soc., 91, 1714 (1907). 

* Smith and Menzies, This Jouxnal, 32, 1437 (19x0). t 
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wten the former ceases. A small correction must be applied for the depth 
to which the tip is submerged below the surface of the paraffin and for 
capillarity in the tip. 1 

The sample of phosphorus pentachloride used was the product of a 
standard manufacturer. The impurities suspected were the trichloride 
(b. p. 76°) and oxychloride (b. p. 107-110°). These impurities were re¬ 
moved from the phosphorus pentachloride, after it had been placed in 
the bulb of the isoteniscope, by lowering the pressure to 30 mm. and keep¬ 
ing the temperature of the surrounding bath at 120° until over half of the 
sample had been volatilized. It may safely be assumed that, in this way, 
all the easily volatile impurities were driven out past the paraffin seal. 
This conclusion was confirmed by the fact that subsequent boiling out 
did not alter the pressure found at a given temperature. Nonvolatile 
impurities would have no effect on the vapor pressure, so long as any pure 
phosphorus pentachloride remained as solid phase. 

The Results.—The results are tabulated in the usual form. 


Table XI.— Dissociation Pressures of PCU— Observations 


Preaa. (Mm.). 

Obad. 

Temperature. 

From curve. 

A. 

31 

98.08 

98.13 

—0.05 

60 

108.31 

108.22 

+0.09 

158 

126.10 

125.96 

+0.14 

219 

132.71 

133.00 

—0.29 

347 

143 68 

144.02 

—o -34 

492 

152.42 

152.46 

—0.04 

608 

157 63 

137.69 

—0.06 

748 

162 58 

162.30 

+0 28 

915 

166.89 

(liquid) 



The phosphorus pentachloride melted at a point just below the last 
temperature observed. As was to have been expected, the pressure 
(marked +, Fig. 7) of the liquid (915 mm. at 166.89°) fell considerably 
below the corresponding point on the smoothed curve for the vapor pres¬ 
sure of the solid (~ i.o°, equivalent to about 40 mm.). 

The dissociation pressures for rounded temperatures are: 


Temp . 90° 120 0 140° 150° t i6o°* 162.8 ° 167° 

Pressure (Mm.). 18 117 294 445 670 760 9 i 90 iq.) 


The heats of vaporization for the various substances will be calculated 
after the degrees of dissociation have been determined. 

Summary. 

z. The dissociation pressures of seven substances have been deter¬ 
mined for the following ranges of temperature and pressure: NH 4 Br 
1 For the simple method of finding the sum of these corrections, see Smith and 
Mensies, This Journal, 3s, 1449 (1910). 
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(3oo°-403°; 33-935 mm.). NHJ (3io*-4lo # ; 48-857 mm.), NH«a (»»*- 
350*; 50-1063 mm.), N(CH|)«C 1 (i9o 0_ *33-3*; 120-760 mm.), N(CHt)<I 
(340*-307®; 81-799 mm.), PH4I (19.2-65.7 9 ; 50-900 mm.), PClj(9o-i«7*; 
18-919 mm.). 



IS OO KB HO NS ft) K5 00 B5 MO M5 150 155 160 165 

Temperature Celsius 

Fig. 7. 


2. The measurements on PC 1 6 were made with the dynamic isoteni- 
scope; all the others with the static isoteniscope, by means of which the 
pressure may be determined to =±=o.i mm. A platinum resistance thermom¬ 
eter sensitive to =*=o.i ° was used. 

3. The temperatures at which the various compounds were found to« 
have a dissociation pressure of 760 mm. are: NH 4 Br (394.6°), NH4I 
(404.9°). NH4CI (337.8°), N(CH 8 )4l (305.5°) PH 4 I (62.6°), aud PCU 
(*62.$°). 

Kxcbolb Laboratories of Inorganic Chemist* v, 

Columbia University, New York City 

POSITIVE IONS FROM NON-METALLIC ELEMENTS. I. A STUDY 
OF THE PRECIPITATION OF METALS FROM SOLUTIONS 
OF THEIR SALTS BY YELLOW PHOSPHORUS. 

By B. M Bind and S. H. Dioos # 

Received April 23, 1914 

4 Introduction. 

It has long been known that yellow phosphorus will precipitate certain 
metals (Pt, Au, Ag, Hg, Cu) from a solution of the salts o! these metals. 
Berzelius made use of the fact that silver is completely precipitated ftom 
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it# salts by phosp horus to determine the combining weight of phosphorus. 1 

In 1836, Vogel stated that when phosphorus acts on a solution of copper 
shttate, there is fprmed sulfuric add, phosphoric add, and phosphide of 
copper only.* 

Straub (1903) made a study of this reaction, and found that, in all cases 
studied by him, phosphoric add, sulfuric add, phosphide of copper, and 
metallic copper were formed. He determined the ratio of the sulfuric 
add to the phosphorus in the solution as phosphoric add at the end of 
the reaction and found it in several experiments to be as follows: 8.2, 
7.6, 7.9, 6.4, 7.4, 7.5 and 8.0; to 1. 

From this he conduded that one atom of phosphorus displaces two atoms 
of copper from solution. (The figures are, however, far nearer to 2.5 
Cu to 1 P.) He tried to find a ratio between the copper sulfate and the 
total phosphorus (1. e. f the phosphorus in solution and that combined 
as phosphide of copper), but his results were so very irregular that he con¬ 
duded the reaction must proceed by steps, and that no equation could be 
written to express it. 8 

Christomas, 4 Tauchert, 6 Come, 5 Granger, 7 and others worked on this 
or similar reactions of phosphorus. Though all of these workers proposed 
equations that seemed probable, none were in very close accord with the 
experimental data. Nor did any of them, so far as we can find, propose 
any explanation of the mechanism of the reaction. 

The Problem. —In spite of the fact that phosphorus is looked upon as a 
typical non-metallic element, the precipitation of certain metals by it in 
apparently the same way in which one metal is predpitated by another 
metal higher in the “potential series’ 1 seemed worthy of careful work to 
determine if the phosphorus reaction is ionic or not. The analogy to 
such a reaction as zinc displacing copper under similar conditions is very 
striking. Such reactions are probably always ionic. Apparent exceptions, 
such as the reduction oi ammoniacal solutions of silver by aldehydes, are 
almost certainly dectrolytic also. 8 

Choice of the Metallic Salk —While silver is predpitated quantitativdy, 
its use is objectionable because of the fact that the only practical salt to 
use is the nitrate, and nitric add, eVau when dilute, will appreciably act on 
yellow phosphorus. The chlorides of copper and mercury were tried and 
rejected, because in both cases the “ous” salts are formed and afterwards 

1 Berzelius, Gilberts Ann., 531433; Pogg. Ann., 8,17. 

1 Vojel, Jprakt. Ckem 8,109. 

8 Straub, Z. anorg. Chtm 35, 460 (1903). 

4 Christomas, Z . anorg. Chem 41, 307 (1904)* 

8 Tauchert, Ibid., 79, 330 <1912). 

8 Come, J, Pham. CMm., 6,323. 

7 Granger, CompL tend., xaa, 1484 (i$ 97 )- 

• Compare StfcgEtz, “Analytical Chemistry" (theoretical part), Vol. 1, p. 3, 
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pbonta had fctea Aft hi them for a sufficient thee. < 

(b) To determine the equation which represents the reaction, if possible. 
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Qualitative Results^ i, About 200 cc. of 0.5 N copper sulfate was placed 
in * glass-stoppered Ertemheyer flask and several small sticks of dean yd* 
1 oar {Jybosphortis were dropped into it. After about a weeks the solution 


was analysed and found to contain: 

Copper.. None 

Phosphoric add. In large amount 

Phosphorous add. .. Appreciable 

Hypophotpborous add. Doubtful 

Sulfuric add. In large amount 

The precipitate was found to be: 


(a) Chiefly a bright, dean tube of metallic copper surrounding the 
stick of phosphorus. 

(b) A thin inside coating of black phosphide of copper, next to the 
phosphorus. 

Many experiments were carried out to determine the effect on the re¬ 
action of varying the concentration of the copper sulfate solution, and also 
the effect of the sulfuric add formed during the reaction. Greater and.kss 
concentrations of add were studied in order to magnify its effects. IThe 
foBowing partial summary of these experiments indicates all the kinds hi 
results which were obtained: 

Paxtial Summary or Quautattvs Bxfkiumxnts. 

a. Cdpper-sdfet^0.3 &, equalvd. (At once and / Pilm copper-phoapiride, 

eonc. BsSOi after 24 fers.) \ trace H|P( 3 « ' 1 * 

3. C o g tpavmtatak diluted H*SO<• Same a* 2 *» 

4 . COppo^adfat^tmlher dilutions (After 60 hm) >%?V. 

<*add ' 1 Picric add. t*W#^ 

, salt In M. ^ 

Metaffit: coppp-. 

5 CoKwymkate, aolfuric add ol phospbidf, 8iM>« 

' • daw* Du JV 1 etc. 


i»4tW dm d krhW l t «*oapfaona was pemlttad to remain la «*MaM* afrd kfla 
«* cqpptr wBata aadianfaric add hr about five months -wfehwt * 

1 r “ w»tvajp***jn W ,«*» iWfWpi' 
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* mmm imwwi tm imm) immm mn« «■*, 

.... \ HaPO^^e. (nmux) 

7» ‘iCflOPW tnii|tM, ad 4 consider- (After 94 bn.) J Copper, spots of pine- 

„ Sbly under o.aj A' | phide, B^PO* etc. 

ft, Copper-eoltate, add. very dilute (After 34 bn.) / Copper-phosphide, little 

j copper, HtPOi, etc 

9 Copper sulfate only, 0.5 N and MetaUJp wpp* only (at 

other moderate dilute sole. T 1 **" WPO* etc. 

t (same as 1) 

to Copper-etriftrte, very dilute sols t Copper, more or less 

phosphide, H1PO4, etc 
Layer of phosphide next 

11 Precipe oopper, bright and clean, to phosphorus hscreaa- 

in distilled water or original lag with time until no 

sol. * copper remains. No 

» further sol. of P in HjO 

12. Copper-sulfate, 0.3 N, equal vol (After 24 hrs) f Dead black coating, no 

S .5 JV NH» sol. * \ TfL *“ f N ° CU " 

l »lt left m sol. 

Quantitative Results. The Determination of the 4 &ds of Phosphorus .—The 
phosphoric add was determined as magnesias pyrophosphate. In all 
cases 10 cc. samples were used Separate samp& were oxidized very thor¬ 
oughly with hydrogen peroxide and then the phosphoric add determined 
as before. The results agreed closely and averaged: 

MgxPtOr baton oxidising; MgkFtOr after oxidising 

o 1106 g^ o 1198 g 

o 4968 nuQi-mols o 5382 milh-mols. 


a,* 

7 * hCm*x**^ add co n sid e r - (After 24 fees.) 
i ably under 0.23 N 

8 k Cdpper-wlfate, add* very dilute (After 24 hrs.) 
J H 

9 Capper sulfate only, 0.5 N and 
other moderate dilute sole. 

xo Copper-sulfate, very dilute sols 


11 Predp. eopper, bright and clean, 
in distilled water or original 
sol. 


12. Copper-sulfate, 0.5 N, equal vol 
9.5 jV NH* sol. 


(After 24 hrs) 


Hence the number of gram atoms of lower adds of phosphorus in 10 cc. 
is (6*5382—0.4968) « 0.0414 X 2 X kt* 1 . That is, 0.0828 railli-mols of 
lowc* adds in each to cc. of the solution. 

In other samples, after the sulfuric add had been predpitated as barium 
sulfate, the dear filtrates were treated with an excess of m e r c uri c chloride 
to determine the quantity of lower adds of phosphorus. The predpitated 
c al o me l weighed 0.032^3; If We assume the lower add of phosphorus to 
be phosphorous add, this corresponds to 0.0669 milli-mols; if, however, we 
nnimme the reducing add to be hyfdphosphorous add it corresponds to only 


ftttjh sample, treated with an excess of common salt and mercuric 
ft Jride, gave 0*0370 g. of calomel. This corresponds to 00783 milH^mols 
add. 

1 #N*eea*o*ae that phosphoric add is formed, we should have enough 


IWttl add (etfltaic and phosphoric) in 10 oc. of the solution to neutralize 
el *r'A f n)fc^ when using metfcjrt-mmage as indicator, and 70 cc. 
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when using phem>l^tbikiQ ns indicator, diffo^ce shoald be 10 cc. 

and corresponds t 6 ooe-thbd of the phosphoric add present (This is 
calculated on the bads of the analysis previously given.) 

Three separate samples were titrated with accurately sta nd a r dised 
NaOH solution. The results were the same in all to within o.i cc. and aver¬ 
aged as follows: with phenolphthalein, 69.5 cc. and with methyl-orange, 
58,5 cc. That is, the difference between the titration figures using phenol¬ 
phthalein as indicator and those using methyl-orange as indicator is r 1 cc. 
whereas we should theoretically expect 10 cc. While this method is far 
from an exact one, it indicates that about 10% of the total adds of phos¬ 
phorus present were other thanfchosphoric. This is in rough agreement 
with the results found by the calomel method. 

The Determination of Sulfurti^Acid. —A determination of the sulfuric 
add (as barium sulfate) showed that the S 0 4 content had not changed; 
i. e.y the sulfuric add had not been reduced. 

The original solution contained 2 5 milli-atoms of copper in 10 cc.; hence , 
we have very nearly 5 atoms of copper displaced by 2 atoms pf phosphorus . 1 

The Formation of Copper Phosphide.—-Some of the stick!' of phosphorus 
that were completely coVttfed by a bright coating of metallic copper were 
removed from the sohrtiotnfed placed in a jar of distilled water. In a few 
weeks the copper had entirely disappeared and there remained nothing 
but a mass of phosphide of copper and phosphorus. This convinced us 
that the formation of the phosphide of copper is a secondary reaction taking 
place between the metallic copper and phosphorus, and not between the sul¬ 
fate of copper and phosphorus, as was thought by Straub, Tauchert and 
others. 


Probable Reactions. —The quantitative results show that the atomic 
ratios involved are, in round numbers, 5 of copper to 2 of phosphorus. 
The simplest equation that will represent this fact is, 


5 CuSO* + 2P + 8 H ,0 * 5 CU + 5H2SO4 + 2H1PQ4*® 

The reaction given above is undoubtedly Inessential nation involved, 
but this does not tell anything of the n«reof the reaqdq^or the role 
played by phosphorus in it. y * 

The Origin of the Lower Phosphom&^cids .—It is known that yellow 
phosphorus will reduce phosphoric adiPpartly, to phosphorous and hypo- 
phosphorous acids. This we believe to be the way in which the -ous acids 
1 2.3/2(04968) - 3/2. w * 

* The ratio of the phosphorus to the sulfuric add involved in the above reaction 
it 1 to 7 * 9 * This is about the same as Straub found, but he was so sure that a phos¬ 
phide was first formed that he interpreted his figures to give two of copper to 
one of phosphorus, instead of the far more accurate value of five atoms of copper to two 
ojf phosphorus. The reaction a$ we have deduced it is given by Tauchert as being one 
of several refu&o&s that take place more or less simultaneously. He, too, bdteved 
that a phosphide of copper Was directly formed from the sulfate. * 
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hr the analysed solutions Originated. For, if this be correct we should 
expect to find less phosphoric add than is indicated by the given reaction 
and more total phosphorus in solution than is thus indicated. This is in 
adcord with the figures given on page 1385 and the fact that the quantity 
of lower adds increases with time. On the whole, the origin of the phos¬ 
phorous add is not of very great importance for our investigation. 

Physical Chemical Data. 

1. It was observed that the metallic copper was formed only on the 
surface of the phosphorus , or on the surface of a conductor connected with the 
stick of phosphorus. That is, the phosphorus and any conductor con¬ 
nected with it becomes plated with copper, just as would be the case if iron 
or zinc were used in place of the phosphorus. In no case did metallic 
copper form on the surface of the glass beaker or any other non-conductor 
connected with the phosphorus. A piece of platinum wire wrapped 
around a stick of phosphorus, and extending upwards in the solution, 
becomes well plated with copper for a distance of several centimeters above 
the phosphorus. 

2. Two side-neck test tubes were joined by means of a piece of rubber 
tubing; in one was put about 5 cc. of 0.5 N copper sulfate and in the other 
an equal quantity of 0.5 N silver nitrate. A piece of phosphorus was put 
into the silver nitrate and joined by means of a platinum wire to the copper 
sulfate solution. (See Fig. 1.) Both tubes were then filled with magne¬ 




sium sulfate solution. The wire in the copper sulfate soon became coated 
with copper, and in about two weeks all copper and silver had been thrown 
out of solution. A control experiment, in which the platinum wire was 
used without phosphorus showed no reaction. 

Similar experiments were performed using a porous alundum cylinder 
in a glass-stoppered weighing flask. (Fig. 2.) The results were identical 
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withthmMfe obtained in the above described experiment, ekceffi that the 
action was much mm rapid. A control experiment without the phos¬ 
phorus gave no precipitate of metal. 

These facts and the analytical data strongly indicate an electrolytic did- 
placement The phenomena cannot be explained on the theory of a con¬ 
centration cell, because of the negative results from the control experi¬ 
ments, and also because of the fact that when a platinum wire is wrapped 
closely around the phosphorus and does not extend out into the solution, 
both wire and phosphorus become heavily plated with metal. * 
Explanation of ike Phosphorus-Copper Cell —The qualitative experiments 
discussed above convinced us that phosphorus and copper really do form 
a true cell, just as any two metals do. This seems improbable at the first 
glance because of the position of the two elements in the published “poten¬ 
tial aeries/* and of the supposed non-existence of positively charged phos¬ 
phorus ions. However, we adopted the following as a working hypothesis: 

(a) The phosphorus goes into solution to an infinitesimal extent as 
P+++++ ions, thus leaving the stick of phosphorus charged negatively. 
Owing to the exceedingly small solution pressure of phosphorus, the num¬ 
ber of such ions would be small relatively to the ions formed in the case of 
ordinary metals, the latter even being very small. 

(i b ) These positively charged phosphorus ions react with the relatively 
abundant hydroxyl ions (of the water) to form phosphoric add almost 
completely. This caused the concentration of the positively charged phos¬ 
phorus ions to be exceedingly small, but not zero. 

(c) If the negative Charge on the stick of phosphorus is neutralized 
(say, by the Cu + + ion), then more phosphorus must go into solution in 
the effort to re-establish equilibrium. This, in turn, will react with the 
hydroxyl ions present to form more phosphoric add and water. This 
would continue until one of the reacting substances became exhausted, or 
until the concentration of the hydroxyl ions becomes small in comparison 
with their usual concentration in water. This would be the case in very 
strongly add solution, and this may be the explanation of the fact that 
phosphorus did not predpitate copper appreciably in very strongly add 
solution. * 

The electromotive force of the phosphorus-copper cell is given by the 
formula, 

8 - 0.0577 (1/5 Id &P1/P1 — 1/2 log Tt/pt) 
where 1 is the solution pressure of phosphorus, and pi the osmotic pres* 
sun of the P+++++ ion; P 8 the solution pressure of copper, and petite os* 
motic pressure of the Cu++ ion. 1 

The value of Pi is unknown, and there is reason to believe that the sdu- 
tion pttSsurt of ctcptic topper is smaller (relatively) titan is commonly 
1 Nemst, "Theoretical Chemietry," pp. 733-739. " 
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sqgpooed. $c this as it may, Hie solution pressure of phosphorus is cer¬ 
tainly even smaller, but ft is so very small in comparison with pt that we 
tnay expect JB to be positive; i. e, t we may expect phosphorus to be the 
negative electrode with respect to copper, just as iron would be. The reason 
however, is different; for in the case of iron it is due to a larger solution 
pressure and in the case of phosphorus to a smaller osmotic pressure. 

The above hypothesis looks upon phosphorus as playing the same role 
as do metals nubile passing into solution from the solid form. 

A phosphorus sulfate (analogous to the zinc sulfate in a Daniell cell) 
is not formed because phosphorus functions so weakly as a base that such 
a salt, if formed, would be immediately hydrolyzed, just as the chlorides 
of phosphorus are known to be. 

If the hypothesis outlined above be tentatively accepted, the reaction 
between phosphorus and copper sulfate becomes easy to explain; it is 
simply an interchange of ionic charges, which might be expressed thus: 

5Cu++ + 2P = 5 Cu + 2P+++++ 
in the same sense that we write 

3 Cu++ + 2A1 - 3 Cu + 2AI+++, 
or 

Cu++ + Zn - Cu + Zn++ 

The equation which expresses the reaction between phosphorus and cop¬ 
per sulfate would be 

5CUSO4 + 2P + 10H1O *= 5CU + 2H3PO4 + sH,S 0 4 + 2H*0. 

Or, so far as concerns the formation of phosphoric acid it would be 
2 p+++++ + IO (OH)- « 2 P(OH) 6 - 2H4PO4 + 3H2O. 1 

Measurement of the E. M. F. of the Phosphorus-Copper Cell —In order 
to further test the above explanation of the reaction, cells were made con¬ 
sisting of a copper electrode immersed in 0.5 N copper sulfate and a phos¬ 
phorus electrode immersed in various solutions, including those from 
which all copper had been precipitated by phosphorus. 

* The apparatus used is illustrated by Fig. 3. The copper electrode was 
of the usual type, and the phosphorus electrode consisted of a glass tube 
into one end of which a platinum wire was sealed, and the tube filled with 
melted phosphorus. There was in all cases at least 3 cm. and usually 
5 cm. of pho sph or u s below the end of the wire. This work had to be done 
cawfulfy, as the least leak gave, virtually, a platinum instead of a pbos- 

1 An analogous reaction where a positive ion posses into solution and immediately 
reacts wjth negative tons already present to yield a negative ion, is peen in the case of 
dissolving in potassium cyanide ^sokitkm; our measurements showed that the 
undisscdve 4 *ilver is charged negatively while the solution is taking place. 
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pfaorua electrode. 1 Out of more than * dozen of such electrodes opfy 
throe showed appreciable leaks. These were discarded. 

The measurements were made by means of a high resistance potentiom¬ 
eter, a sensitive galvanometer of the D’Arsonval type, and a standard 
Westoo ce ll. 

Experiments were made at temperatures ranging from o° to the melting 
point of phosphorus; and with samples of phosphorus that were new and 
colorless as well as with some that had been in the laboratory for many years. 
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Readings were made during a period of more than four months, using new 
dnd old electrodes, some having been exposed to diffused daylight till tfryv 
odor had changed to a red-brown. In all cases ike phosphorus was negeb 
titie to copper, and the E. M. F. was about 0.35 volt. It is believed that the 
true value is somewhat higher, and that the irregularities are due, for the 
most pert, to a very small leakage. The very small conductivity of phos¬ 
phates sh a ke s important a leakage that is ordinarily negligible. 

Wttje or no difference was to be found between immersing the phqa~ 

* ft is easy to Impw U there Is a bad leak, a* the platinum electrode is poeUfoe to 
the copper, £ a, the polarity <rf the cell is reversed. 
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pistons Hi sulfuric add of concentrations varying from 0.000001 N to 5 N. 
mere was also little difference between distilled water and solutions of 
magnesium sulfate, sodium sulfate, or that from which the copper had 
been precipitated by phosphorus. 

Values of E. M. F. of the Phosphorus-Copper Cell, Using Various Sam¬ 
ples of Phosphorus and Various Solutions in which to Immerse 
it Readings Extending Over a Period of Four Months. 

Phosphorus electrode immersed in the solution from which the copper 
had been predpitated by phosphorus: 

0.296, 0.296, 0.306, 0.308, 0.319. 
Phosphorus immersed in distilled water. (No reading at first instant, 
but in a few minutes giving the following values. Two different electrodes 
were used at different times.) 

0.275; 0.335. 

In 0.000001 N sulfuric acid; 0.380. 

In 0.001 N sulfuric acid; 0.334, 0.330. 

All other recorded values are given below. Various electrodes and solu¬ 
tions were used, as already stated. 


0.301 

0.355 

0.430 

0.383 

0.330 

0 370 

0.430 

0.361 

0.324 

0.344 

0.382 

0.409 

0.302 

0.405 

0.387 

0 * 4*4 

0.257 

0.340 

0.374 

0.370 

0.300 

0.372 

0 340 

0.365 

0.330 

0.354 

0.360 

0 374 

0.280 

0.398 

0.330 

0 400 

0.320 

0.350 

0.343 

0 400 

0.310 

0.340 

0.320 

0.450 

0.347 

0.399 




It will be noted that the latter values are on the whole markedly higher 
than those first taken. This is believed to be due to the greater care taken 
to prevent electrical leaks, particularly by carefully drying and greasing 
the outside of the tube containing the phosphorus electrode. 

These values include all measurements made, except in those few cases 
in Which actual leaks were found, in which case the reading was reversed, 
just as for a copper-platinum cell. With a poorly made cell the readings 
were in the above direction, but low. For the sake of completeness, all 
of the latter readings are given below; they were made with different 
solutions at different times, 

0.170, 0.174, 0.106, 0.193, 0.203, o.o$ 6 , 0,020, 0.030, 0.141. 

Some Precautions to be Noted in Measuring the B. M. F. of the 
Phosphorus-Copper Cell. 

i* Owi tig to the very high Ttm&sm& Of phosphorus it is necessary to 
use a high resistance potentiometer and a sensitive galvanometer. 
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cause d qy ricnre Show* thai tk'^t is eerily fk? 4 m*« 4 ^ & *•> # We dr*w 
current from it fo$*Ji apjMflriable time thfe voltage <fto{>a, or if the curieht 
passes the other way it Irises. V&ng storage cells it was found possible to 
“charge” the phosphorus electrode till an 8. Mw F. of nearly a volt was ob* 
tamed, and by reversing the current the B. M. F. M to about o.i volt. 
It slowly leocnrered its normal eonditiou in both eases, however. 

3. It should be remembered that very small electrical leaks (of a kind 
not usually important) are fatal to good results. 

Conclusion. 

This Work, and some other not yet completed, seems to sustain our con¬ 
clusion in a very definite manner. We, therefore feel, justified in saying 
that in displacing certain metals from their salts, phosphorus first passes 
into solution as a positively charged ion, in the same way as do the metallic 
elements. We further believe that the chief distinction between the so- 
called non-metallic elements and the metallic elements depends upon their 
tendency to hydrolyze and the subsequent ionization of this product, 
rather upon their ability to form positive ions. 1 

Note. 

In order to see whether or not the above is a general reaction of the 
non-metallic elements, and to throw light upon the electrochemical charac¬ 
ter of their oxygen adds, experiments are now being conducted with the fol¬ 
lowing: vanadium, arsenic, antimony, bismuth, sulfur, selenium, chromium, 
molybdenum, tellurium, tungsten, iodine, carbon, silicon and boron* 
Cells like Fig. 2 are being used and there have been obtained predpi$0C3 
of metallic silver on a pure gold wire in contact with amorphous opfam* 
amorphous boron , crystalline silicon , antimony and arsenic , immersed jft&or N 
silver nitrate solution—-one solution only being used inside and OgtyMft the 
porous thimble. Check solutions with silver nitrate and nitric acid but 
without the non-metallic element have shown no prcdpitotas. Carbon 
yields carbonic add; the others have not yet been an 

The reactions of solutions of phosphorus in varioiti? solvents In contact 
With solutions of salts me also being studied in hgfctf O^the above results. 

An effort is being made to obtain a comparable potential series of all ele* 
wants and to determine if those elements (both metallic and non-metallic), 
Which exhibit different valences occupy men® than one position in the series. 

Vummstw or Vxaemi*, 
xsuttrwe^tr, VA. 

1 the aote wttdb follow*. Atoo, for n ApfrTIpnt diwauwon M tte part fhftA 
hr patftte ion in redaction aad oxidation HgljMfc M MaH m • tfaeuNkm af cattatA 
taw that are Bttto known, «* "QoaHtativ* qipail Aaalpia.” VaL 1. far Jnttaa Stk*- 
Wa. o 
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MXmm AS A FUNCTION OF VOLUME, TEMPERATURE AND 
PRESSURE. THE EQUATION OF STATS, AND THE 
TWO KINDS OF VISCOUS RESISTANCE SO- 
CALLED “SLIPPING” OF GASES. 

[PRBUMINARY.] 

By Buosm* C. Bingham . 1 

Received April 24, 1914. 

Fluidity and Volume. 

Attention* has been repeatedly called to the intimate relationship which 
exists between the fluidity of a liquid and its volume. Batschinski 9 has 
recently given this relationship quantitative expression. According to 
him 

rj = c/v — W 

where 17 is the viscosity of the liquid, v the specific volume, and c and w 
are characteristic constants for the given liquid. In terms of the fluidity 
ip « 1/17, we have 

V * W + Op (1) 

or, the volume is a linear function of the fluidity, w being the limiting 
volume tbwatd which the volume approaches as the fluidity approaches 
aero. 3 £f, following Batschinski, we call v — w the free volume , the law may 
tot stated in the very simple form, the fluidity of a liquid is directly propor¬ 
tioned to its free volume. Batschinski has found remarkable agreement 
between the observed and calculated viscosities for a large number of 
liquids, it apparently making no difference whether the change of volume 
is produced by altering the temperature or the pressure. For a range of 
temperature extending from o° to the boiling point, or even beyond the 
ordinary boiling point, the differences seldom exceed 1%, except with 
associated substances such as the alcohols, which are exceptional, here as 
elsewhere. 

The above law is really an extension of the law already given, 4 expressing 
the relation between the fluidity of a suspension and its volume concen¬ 
tration. The volume concentration of the medium, c%, in which the fluidity 
of the suspension becomes zero, corresponds to the volume where the 
fluidity becomes zero in pure liquids. If represents any. volume con¬ 
centration of the medium, then trh—c* corresponds to the free volume, 

1 For earlier papers of the author on this general subject (cf. Phys. Rat., 35, 407 
(l9»a)); bl h 9 6 Ua*3); & physik. Cbm., 83, 641 (1913); Trans. Cbm. Sac*, 103, 
939 (19*3); T. Phys. Cbm., x8,157 (*9»4); Tnd. Eng. Cbm., 6, 233 (1914)- 

'Am. Cbm. J. t 33, 213 (1906); 43» *90 (i9U>); 45 i *68 et seq. (i 9 » 0 » % physik. 
Ckm., $3, 653 (1913). 

9 Ann. deJa Sac. d’encouragement de sciences experimentales et des leurs applications 
** *om de CkHstopbe Udemoff, Snppt., 3 (*913); Z. physik. Cbm., 84,643 (i 9 » 3 )* 

4 Phys. Mm., a&42i, 4*0. (1912^ 
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which is evidently a more explicit form of equation (i) above. In sus¬ 
pensions the medium has a finite fluidity, hence the fluidity of the suspen¬ 
sion <p cannot exceed the fluidity of the medium Pune liquids may be re¬ 
garded as suspensions in space, of infinite fluidity, so that there is apparently 
no limit to the fluidity which may be obtained by indefinitely increasing the 
volume. A further point of interest in this connection, is the fact that 
the concentration of its zero fluidity in a suspension, is independent of the 
temperature or of the nature of the medium. 

The Equation of State. 

If, in van der WaalS’ equation, 

(p + a/vi)(v — b) « RT, 

we substitute for the volume its value in terms of w + c<p, we obtain a for¬ 
mula in which the fluidity, temperature and pressure are variables. Since, 
however, the pressure is constant under the usual conditions of viscosity 
measurement, this relation becomes i 

T»A^C + B/^D-E/(^ + D), « (3) 

in which A, B, C, D and E are constants. Over any ordinary range of 
temperature, this formula may be simplified. In fact, the author has al¬ 
ready shown* that the formula 

T - A* + C - B/(*> + D) (4) 

will reproduce the observed fluidities of all the liquids tested with very 
great accuracy. For all but the most highly associated liquids, or over a 
very wide range of temperature, the formula may be still further sim¬ 
plified to 

T * A? -f C — B/V (5) 

and satisfactory results obtained. Thus for seventy substances, the 
average deviation between the observed and calculated values of the 
absolute temperature is only 0.09%. For a highly associated substance 
like water, the average deviation is 0.17%, but with Formula (4) it becomes 
only 0*01%. 

In a s im il a r m a nn er one obtains a formula fox the pressure in terms of 
the fluidity 

p « M/(p + « — y/(p + a)* (6) 

When the fluidity or the temperature is very great, the second term of 
the rigit-hand member becomes negligible and the formula represents 
an eqmlateral hyperbola. Large fluidities and high temperatures presum- 

* fk fltf- Mm, 3& 433 (**«)♦ 

*£' Ph*ik. Chm. t 66 * 331 ( 1909 ). 
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alfly Mng to thegaseous state and, as van der Waats’ equation applies 
Mat to gases Where the volume and temperature are great, we might look 
idr a similar fluidity relation. That any such expectation is doomed to 
disappointment is proved by Clerk Maxwell's observation that the fluidity 
of a gas over a short range of pressures and temperatures is independent 
of the pressure, which has been repeatedly confirmed. Thus Equation 
(1) applies to liquids but certainly not to rarefied gases. The cause of 
this interesting peculiarity may well engage our attention next. 
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added i<* dsagranunatic porpoae* Tic felt Ball of figure* wbfc* 
corresponds to km fluidity and tempata^^ 

to the familiar prestftre-voinme diagram. At the highest preeeuics, It* 
fluidity is not greatly affected by a change in the pressure, «. g., at 3*°“ 
and a pressure of iso atmospheres, a lowering of the pressure by four 
atmospheres causes an increase in the fluidity of less than 4%< At a 
lower pressure the fluidity is extremely susceptible to changes in pressure, 
a lowering of the pressure by four atmospheres at 76 atmosphe r es, causing 
an increase in the fluidity of a full 100%. Both the gaseous and liquid 
phases are present in the region inside of the Curve kbtncL The right side 
of the figure is quite different from the familiar pressure-volume diagram. 
Instead of the fluidity being highly susceptible to changes in pressure, 
it is but slightly affected, e. g., at 32 0 and 50 atmospheres pressure, a lower¬ 
ing of the pressure by four atmospheres causes only a 10% increase in the 
fluidity, Let us now consider carbon dioxide at 20 0 which is well below 
the critical value. At high pressures the fluidity increases lineariy from 
a to b) there is then a sudden increase in the fluidity from 1500 to 5300 
C. G. S. units, as the substance passes from the liquid to the gaseous con¬ 
dition. We should expect the fluidity to continue to increase as the pres¬ 
sure is further lowered, giving the Curve cd\ but the curve actually ob¬ 
tained is cd. It is generally true that the fluidity of liquids increases with 
the temperature, while, on the other hand, the fluidity of gases decreases 
with the temperature, hence the pressure-fluidity curves for different 
temperatures must cross each other. It is interesting to note that the 
figure shows, that not only is this true, but, when the temperatures are suffi¬ 
ciently high, the curves all tend to pass through a parti cular point n ; and for 
lower temperatures, the curves tend to intersect each other on the Curve ncl. 

The fluidity of carbon dioxide at atmospheric pressure for o°, 40 0 and 
xoo°, as obtained fron the Tabelkn of Landolt, Bdrnstein and Meyerhoffer, 
are plotted at the points *,/, and g, respectively. If gnh is taken to represent 
the hypothetical pressure-fluidity curve of carbon dioxide at 100 °, it is 
evident that, for this temperature, Maxwell's law holds perfectly so that 
the fluidity is independent of the pressure. But is it equally evident that 
it woqld hold strictly for no other temperature. At o° the fluidity curve 
of gaseous carbon dioxide is approximately pe, while for the temperature 
of the ordinary boiling point of carbon dioxide the pressure-fluidity qmrve 
would apparently be lq, and the law breaks down entirely. What would 
happen ii tfarttemperatroe were raised far above ioo° would be very inter¬ 
esting to JpmUf but the data are not available at present. 

The Natare of the Tvo Causes at Viscous Resistance. . 

Th&ffr* p ttMum fl ui d it y «nw do not follow aa equation of tfee wm 
(ter fluidity increases, may be due to the appearance 
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s *siiw cause of resistance. We must therefore now inquire more 
l*ytkafl*ri y into the nature of viscous resistance. 1% has long been 
tOalisfed that a cause of viscous resistance in gases arises from the 
dtfhudoti Of the particles of layers with high translational velocity into 
layers whose translational velocity is lower, and vice versa . According to 
this explanation the loss of translational velocity must increase with the 
temperature, which accords with the fact that the fluidity of a gas 
decreases as the temperature is raised. 

But in liquids the fluidity increases as the temperature is raised and it 
appears that there is a second cause of viscous resistance which has been 
repeatedly attributed to the attraction between the molecules. Bat- 
schinski 1 gives this conception expression in the following terms: “In gases, 
the properties which depend upon the reciprocal attraction of the mole¬ 
cules manifest themselves only slightly, whereas with liquids, on the con¬ 
trary, these properties are of prime importance. If we may think of two 
parallel layers of the liquid as of two rows of men, the men moving in the 
place of molecules, we must require these men to take hold of their nearest 
neighbors and to hold them for a time.” 

This explanation seems to the present author to be inadequate for the 
following reasons: As a particle A comes within the range of attraction 
of a particle B in an adjacent layer supposed to be moving more slowly, 
the particle A will be accelerated and only after passing B will the retar¬ 
dation take place. I see no reason why these two actions should not exactly 
neutralize each other, in which case none of the translational energy will 
be changed into heat. But, perhaps it would be urged that the retarding 
influence is more like chemical combination, since the particles lay hold 
on each other and, in the words of Batschinski, “w&hrend einiger Zeit 
festhalten.” If the particles of the liquid grasp and hold tach other, a 
kind of association must result which should be detected by some physical 
method, and non-assockted substances ought not to show any viscosity 
ataall. As a matter of fact, not only do all liquids have viscosity, but 
mercury, which is usually regarded as non-associated, has a lower fluidity 
than many highly associated substances such as water and alcohol. This 
Objection may be avoided by assuming that this grasping and ^holding of 
the particles is proportional to the rate of shear of the liquid, so that it 
is sero when the liquid is at rest; but, since the molecules are always in 
rapid vibrational motion; it is difficult to see how the small translational 
motion would affect the attraction in a way to produce the result which we 
Observe. 

In order to get a dearer idea of the nature of the two causes of viscous 
mstetance to flow, tet A and B in Fig. 2 represent two parallel planes at 
tmmstaitt distance apart, the space between being filled with the viscous 



sabfllance. For the simplest cage, suppose tlmt the substance isa gas «t 
«o low a pmfattt that the distance from A to £ is small in ccmsperisoi* 
4 ) With the tneah molecular free p*t& 

Let the surface -4 be supposed to bfe 
• moving to the tight with a constant 

• velocity in respect to the surface S 

• which may, for convenience only, be 

— ■ I* .----- ■ - conceived to be at rest. If the sur- 

B faces A and B were perfectly smooth 

***** 2 ‘ and unyielding and the particles of 

fluid perfectly elastic spheres, we would not have a model of viscous flow; 
for as the particles collided with these surfaces, the angle of rebound would 
In each case be equal to the angle of impingement and since there is conser¬ 
vation of momentum, no translational motion could be transmitted to 
or from the walls, t, e. f the “slipping” would apparently in this case be 
perfect. In order to obtain a model of viscous flow, we are therefore 
obliged t6 make some assumption, and the simplest and most probable 
one is that the surfaces A and B are not perfectly smooth. In view of the 
known discontinuity of matter, the least degree of roughness that we could 
well assume, is that the surface is made up of equal spheres, all of whose 
centers lie in the same plane and as closely packed together as possible. 
That there is a greater degree of roughness in all ordinary surfaces is prob¬ 
able, but it suffices for our present purposes to show that this simple 
assumption in regard to the nature of the surfaces gives a workable model 
of viscous flow. In a model of viscous flow it is necesssry for the mole¬ 
cules striking the surface A to be given a component of velocity in the 
direction of the viscous flow. We shall refer to this as translational velocity 
in contradistinction from the disordered vibrational velocity of the mole¬ 
cules. The resultant translational velocity of the molecules is evidently 
proportional to the rate of efflux, while the resultant vibrational velocity 
is aero. It is further necessary that as the molecules strike the surface 
B t the translational velocity received at A should be transformed into 
vibrational velocity or heat, so that any resultant translational velocity 
would disappear in a short time were it not continually supplied at the 
surface A. 

That the model described above meets these requirements depends 
Upon the truth of the following theorem: When a series of elastic par¬ 
ticles strike a rough surface, the resultant component of velocity along A# 
surfati will be diminished . That this is true must now be made evident, 
Let Af, N , and P, in Fig* 3 represent the section through the centers of 
#wn#fe*of the greatly m a gnifie d spheres supposed to make up the surfaces 
in Suppose tha* a small particle were to #uch a surface at 

any scute eagle 6 . It is evident that if snch a particle is to strike the 
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sphere N in the plane of the paper, its possible paths all lie between A 
and G. By drawing the directions of the particle before and after col¬ 
lision, assuming that the angle of rebound at any point of the surface is 
equal to the angle of impingement, we find that for possible paths between 
B and D the average resultant velocity of rebound is exactly opposite in 
direction, although diminished in amount. For paths between A and B 
a particle would collide with M on rebounding from N but the component 



Fig 3.—A diagram illustrating how translational motion becomes changed into 
vibrational motion by striking a rough surface. 


of the velocity in the direction NP is diminished. Also for paths between 
D and E t as well as between F and G, the component of the velocity in 
the direction NP will be diminished. Only between E and F is the com¬ 
ponent in the direction of flow greater after collision than before. But 
the distance EF becomes zero when 6 = 90 0 and it has its maximum value 
when 8 *= o°, i. e., when the translational motion is zero. Since all of 
the paths between A and G are equally likely, it follows that for this sec¬ 
tion at least, the average translational velocity of the small particles is 
diminished by collision irrespective of the size of the angle or of the 
velocity of the panicle, and it can be easily shown that the same is true 
even if the particle is of considerable size. The same must be true a 
fortiori for sections other than the one passing through the centers of the 
spheres, for then there must, after collision, be a component velocity at 
right angles to the plane of the paper and therefore to the direction of flow. 
The flection would be similar to th$ one given except that the circles would 
not touch, the spaces between them corresponding to the pores in which 
the translational velocity is quite certainly changed to disordered motion. 


tivottm c. vmmm. 




MttNu/d * Uu/6p 

The viscosity, which ii the force required when « 
therefore 

V ** pU/6$ 

whidi may be put into the form _ 

„ KpVT 

* SWM* 


* i, is 

( 7 ) ’ 

( 8 ) 


Where p is the pressure, v the volume, T the absolute temperature, and 
K a constant. 

The most interesting and surprising thing about the above formula is 
its requirement that the viscosity of a rarefied gas must depend upon the 
dimensions of the apparatus used, the viscous resistance increasing as the 
space between the two surfaces is reduced. 

Collision&l Viscosity. 

For the opposite extreme, we may conceive of a very viscous liquid, 
two layers of which, C and D, are shown in Fig. 4. The appearance is the 

same as if a small portion taken from 
Fig. 2 had been greatly magnified, so that 
the molecules appear as disks instead of 
points, except that the molecular concen¬ 
tration is greatly increased. The effect 
of this increased concentration is to in¬ 
definitely decrease the molecular mean 
free path, so that the diffusional viscous 
resistance is negligible, but the actual 
volumes of the molecules are comparable with the spaces which they occupy 
and collisions are immensely more frequent. 

Since the layer C is nearer the surface A (not shown) than is D, it must 
move more rapidly than the layer D, according to the fundamental law of 
viscous flow discovered by Newton. The molecules of this layer must there¬ 
fore overtake the molecules of D and in colliding with them tend to impart 
translational motion. Thus momentum passes through successive layers 
from A to B, and if B is free to move, it will take up the same velocity as 
A» all of the molecules taking part in the translational drift toward the 
right. But the surface B is assumed to be at rest, hence the layer C must 
have a velocity toward the right which is permanently higher than that 
of D by a fixed amount and the molecules of C must continue to overtake 
the moMfcules of D and in so doing to impart momentum to them. But 
in collisions between the molecules of one layer with the molecules of 
another layer, we have already shown in connection with Fig. 3 that titas- 
lationOl tqption is continually being transformed into disordered motion. 
Hence we have here a true model of viscous flow, in which translational 



D 
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motion is continually being transformed into heat. In the extreme case, 
the effect of diffusion may be neglected, the viscous resistance being due 
solely to the collisions produced by the molecules of one layer overtaking 
those of another layer of smaller translational velocity. We shall refer 
to this as “collisional viscosity.” 

Fitom the model described above we believe that it is possible to deduce 
the effects of changes in concentration, pressure, temperature, and size 
of the molecules upon this type of viscous resistance. Without attempt¬ 
ing an elaborate proof at this time, it is probably clear that the number of 
collisions of the particles of one layer with those of another layer, due to 
their difference in translational velocity, will be directly proportional to 
the number of particles in each layer, i. e. t to the concentration. It will 
also be directly proportional to the rate of shear between the layers. 
Temperature and pressure can effect this resistance as they affect the con¬ 
centration, but not otherwise. An increase in the temperature increases 
the vibratory motion of the molecules but it evidently does not affect the 
rate at which the molecules of one layer overtake the molecules of an ad¬ 
jacent layer which is moving more slowly. Increasing the mass of the 
particles would increase the momentum of the particles and hence the 
viscous resistance, but we must remember that with the increase in mass 
there is generally an alteration in the volume. Now is evident that the 
collisional viscous resistance depends both upon the actual volume of the 
particles and upon the volumes which these particles occupy. If the 
particles are to be thought of as points, there could be no collisions and 
therefore no collisional resistance to flow. On the other hand, if the volume 
of the particles themselves could be made exactly equal to the space 
which they occupy, collisions would be most rapid and the collisional 
resistance would be a maximum. 

The fact that in unassodated liquids the fluidity is directly propor¬ 
tional to^jthe free volume, as stated above, seems to indicate that col- 
lisipnaUjfccosity is almost entirely responsible for the viscosity phenomena 

* ordinary liquids. It is also clear why assodated liquids are exceptional, 
ce breaking down of association, as for example by heating, would cer- 
tily furnish cause for a change in the collisional resistance, since dissocia¬ 
tion is usually accompanied by a change in Volume, which may be either 
in the actual volume of the particles or in the space which they occupy or 
both. 

The Mixed Regime* 

It has been indicated that in rarefied gases viscous resistance is cer¬ 
tainly diffusional and in very viscous liquids it is probably collisional. 
In gases at ordinary temperatures and pressures the viscous resistance to 
flow is evidently the sum of the 'difftisional and collisional resistances. 
The total viscous resistance q is in every case given by the equation 
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«* Ife + (9) 

In rarefied gases, the eoffisional resistance t) c is equal to zero and in very 
viscous liquids, the diffusional resistance may be negligible. In all other 
cases, the complete formula should be applied. Hie diffusional viscous 
resistance in this calculation does not follow the simple formula given for 
the model described above, in connection with Fig. 2, for the reason that 
the molecular mean free path affects the resistance in this case, since it 
affects the number of layers a molecule can pierce before it gives up its 
translational momentum. The diffusional viscous resistance is then pro¬ 
portional to the free path, which in turn is inversely proportional to the 
density. We found that in a rarefied gas the diffusional viscous resistance 
is directly proportional to the density, hence it comes about that in this 
case the diffusional resistance is independent of the pressure. This is 
the law of Maxwell, which may be formulated as follows* 

Vd - i/3pUJ(i + at)" 

where p is the density, L is the molecular mean free path, t is the tempera¬ 
ture Centigrade, and U is the mean velocity. But we have seen above 
that 

rj c = c/v — w 

hence 

V r= c/v — w + 1/3 ph U(i + at) n . (10) 

Since diffusional viscosity becomes important only when the volume is 
large, we may put v — w for i/p. We will introduce the absolute tempera¬ 
ture T, and for a first approximation assume that the exponent of T is 
unity, i. e., n = 1. This is the value deduced from the theory by Max¬ 
well, but experimentally determined viscosities give a value which is less 
than unity. But this discrepancy may conceivably be due to the col- 
lisional viscous resistance having been left out of account. We thus ob¬ 
tain an equation containing only three constants, which may be written 
in the form - 

v — w 

* = A + BT(i> — w) (lJ 

This equation is very simple and convenient to apply. The following 
table serves to show to what extent it may be relied upon to reproduce the 
values obtained for carbon dioxide in both the liquid and gaseous states. 
The deviations between the observed and calculated values are greatest 
in the critical zone where the experimental difficulties are the greatest. 
However, it cannot be affirmed that the agreement is within the experi¬ 
mental error, for apparently the deviation is systematic. But undoubtedly 
the agreement could have been improved by introducing another constant, 
as by giving the exponent of T in Formula (11) some other value than unity. 
It has seemed better to keep the formula in its simple form for the present. 
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Tams I—The Fluidity op Carbon Dioxide as Calculated by means op the 
Fobmula <p=*(v —w)/[A+BT(t; — w) ] where w~o 841^00002578, and B **4998, 
Compared with the Values Observed by Phillips 1 at Various Tempera¬ 
tures and Pressures 


Temp Abe Pres# in atm v 

. 293 83 I 198 

72 I 232 

59 1 302 

56 5 263 

50 6 897 

40 10 00 

20 27 78 

1 54 6 4 

303 no 5 1 258 

104 1 280 

96 1 316 

90 1 346 

82 1 397 

80 1 4*6 

76 t 471 

74 1 506 

73 1 53 i 

72 1 575 

70 3 4®4 

60 5 650 

40 10 87 

20 28 25 

1 565 o 

305 120 266 

112 287 

104 316 

93 372 

87 429 

84 *66 

80 527 

76 675 

73 802 

74 ' 778 

70 3 922 

60 5 882 

40 11 111 

20 28.41 

1 568 I 

308 114 5 1 324 

109 1 349 

96 x 437 

88 1 53 x 

85 1 597 

80 2 024 

75 3-460 


9 obs 

<p calc 

% Difference 

1215 

1152 

—5 

1297 

I24T 

~~A 

1435 

1418 

—1 

5376 

4890 

—0 

5650 

5299 

—6 

6024 

5734 

— 5 

6410 

6421 

0 

6757 

6907 

f 2 

1299 

1300 

0 

1364 

1355 

— 1 

*443 

1441 

0 

1555 

1512 

“5 

1689 

1519 

-11 

1770 

1668 

—6 

1890 

1784 

—6 

2020 

1855 

—8 

2092 

1906 

—9 

2183 

1992 

—9 

4367 

4021 

—8 

5348 

48 v 7 

~9 

5952 

5654 

—'5 

6289 

6086 

—3 

6536 

6594 

+ 1 

1269 

1318 

+4 

1350 

1369 

+ 1 

1439 

1439 

0 

1595 

1568 

—2 

1706 

1693 

— 1 

1786 

1771 

—1 

1894 

1894 

0 

2232 

2168 

—3 

2463 

2379 

-3 

3937 

3506 

—8 

4673 

4240 

—9 

5348 

49X8 

t —8 

5714 

5641 

—1 

6173 

6201 

O 

6452 

6553 

*+2 

1443 

I 4 S 5 

+ 1 

15x5 

15X2 

O 

1706 

1706 

O 

1957 

1896 

—3 

2 X 93 

2021 

—8 

2770 

2690 

—3 

42x9 

3966 

—6 


1 Lee. cit. 
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Twnp. Abe Prtm, ta atm. 

70 

60 

40 

30 

1 

313 H2 

108 
IOO 

94 

85 

80 

70 

60 

40 

23-8 

1 


Table I (Continued). 

». 

p ob*. 

4.40s 

4673 

6.135 

56x8 

u.165 

5747 

28.74 

6135 

574 7 

6410 

*43* 

*75* 

1.466 

1852 

1.572 

2070 

1.718 

24*5 

2597 

37*7 

3-43<5 

4587 

4.902 

5000 

6.336 

5348 

12 05 

5682 

24.5I 

5917 

578.0 

6369 


p otic. 

% Dttmtm. 

4425 

—5 

4943 

—12 

3642 

—a 

6133 

0 

« 4«7 

4 -x 

1686 

—4 

1759 

—5 

1963 

—5 

2221 


3302 

x 3 * 

3920 

—14 

4553 

—9 

4964 

—7 

5585 

—2 

5987 

+1 

6385 

0 


Summary and Conclusions. 

x. Attention is called to the fact that the fluidity is proportional to 
the “free volume/’ as it is called by Batschinski, not only in pure liquids 
and mixtures but also in suspensions of solids in liquids. 

2. Since the fluidity of a liquid is proportional to the free volume, 
an equation resembling that of van der Waals may be used to reproduce 
the fluidity data as a function of the temperature and pressure. 

3. Such a modified van der Waals’ equation breaks down utterly when 
applied to gases, where a prion it might be expected to apply best. This 
discrepancy is due to the advent of an additional cause of viscous resist¬ 
ance in gases which does not apply in very viscous liquids. Thus the 
fluidity of a gas is invariably smaller than would be expected from the 
modified van der Waals’ equation. 

4. Viscous resistance in gases originates largely in the diffusion of the 
material which carries with it translational motion, which, in turn, by 
collisions becomes transformed into disordered motion. This kind of 
resistance to motion is called “diffusional viscosity.” 

5. But in viscous liquids the resistance to flow caused by diffusion is 
quite negligible. The resistance is shown to be due to the collisions 
molecules of one layer with those of an adjacent layer moving at a sligfcdhfr 
lower velocity. This transfer of momentum without a transfer of mattfrr 
is called “collisioii&l viscosity/* 

6. The viscosity of a gas or liquid is, therefore, the sum of the dif¬ 
fusional and collisional viscosities. We thus obtain an approximate 
formula <p miv — u/)/[AMHBT(?j — u>)] which can be used to reproduce 
the obsert|£ftuidities cflprbon dioxide with considerable fidelity. 

7. BpRKs are given far the belief that slipping does not occur even 
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in rarefied gases. The apparent viscosity of a gas as it becomes rarefied, 
decreases rapidly, which is entirely in accord with the theory. 

8 . In gases at ordinary temperatures and pressures, the fluidity de¬ 
creases as the temperature is raised, but the fluidity is nearly indei>endent 
of the pressure. Both facts indicate that diffusional viscosity is of pre¬ 
ponderating importance in gases. There is indication (cf. Fig. 1) that at 
very low temperatures the fluidity of gases is by no means independent of the 
pressure, being inversely proportional to the pressure. It is also possible that 
at very high temperatures the fluidity will increase with the pressure. 
It appears that this last has not yet been observed, but should so para¬ 
doxical a fact be discovered it would seem to offer a striking confirmation 
of the views here outlined. 

9. The fluidity of practically all liquids increases with the temperature 
and decreases with the pressure. Most liquids expand as they arc heated 
or as the pressure is removed, hence we may attribute the increased fluidity 
to the decreased number of collisions. Sulfur and water are exceptional 
in their behavior, but this may be explained on the basis of association. 

10. In nearly all liquids an increase in the molecular weight causes an 
increase in the temperature required to produce a given fluidity, and this 
increase in temperature is proportional to the increase in molecular weight, 
in a given homologous series. There are exceptions to <his generalization, 
such as formic and acetic acids, but the exceptions are more apparent than 
real, since, if we assume it to be strictly true and then calculate the asso¬ 
ciation of these and other associated substances, we obtain values which 
are in satisfactory accord with the values given by other methods. 

11. These deductions from the kinetic theory can be extended to solids 
and an exfftknation obtained for various phenomena. The more nearly 
perfectly *||stic a substance is, the more nearly will it come back to its 
original position after being strained. Movement in a perfectly elastic 
solid is therefore explained by the molecules of one layer, as C in Fig 4, 
moving up to those of another layer D , but not passing them in a single 
instance. Hence all of the energy is spent in producing a strictly limited 
amount of translational motion—the elastic limit. The energy exists as 
strain and as soon as the stress is removed, all of the work done is re¬ 
covered, so that the process is reversible. 

12. When ordinary imperfectly elastic solids are subjected to stress, 
work is done which only partly appears as strain, a part being transformed 
into heat. Finally, when the stress is removed the body does not come 
back at once to its former position. It comes back part way and then 
creeps slowly toward its old position. This is the much-discussed “elastic 
after-effect.” These phenomena may be explained as follows: When 
the body is subjected to stress a few of the molecules move over each other 
Bht the stress is not great enough to overcome the strains throughout the' 
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mass wad cause general flow or rupture. Wherever the molecules flow 
over each other heat is developed as in any viscous flow. When the stress 
is removed the strain tends to become immediately removed, but wherever 
the molecules moved over one another, the removal of the strain is hindered, 
the last of the strain disappearing through viscous flow under a constantly 
diminishing stress and therefore continuing through a long interval of time. 
This after-effect has been found 1 in undercooled liquids as well as solids. 

13. Finally the after-effect is increased as the temperature is raised 
in ordinary solids and this may be explained by the expansion of the sub¬ 
stance making it easier for the particles to move over each other in vis¬ 
cous flow, so that the fluidity of solids increases with the temperature as 
is true of most liquids. Guye and his co-workers 2 have assumed that be¬ 
cause the vibrations in lead wires die down faster than in steel, the greater 
loss of energy in the former signifies that lead is more viscous than steel. 
Exactly the opposite conclusion seems preferable. Steel then is to be 
regarded as much more viscous than lead and for that very reason strains 
in steel are produced without nearly so much viscous flow as in lead or 
pitch. 

Richmond Coll bo*, Richmond, Va 


[Contribution from the Chemical Uaboratorles of Clark University ] 

IS THE DUHEM-MARGULES EQUATION DEPENDENT ON THE 
IDEAL GAS LAWS? ~ 

By M. A. Rosahoff 
R eceived May It, 1914 

In view of the importance of the Duhem-Margules equation,in |he 
theory of physical mixtures, no apology is necessary for raisin^he question 
as to whether it is a purely thermodynamic relationship, therefore 
reliable under all circumstances, or requires modification in form as soon 
as vapors begin to deviate from the simple gas laws. That the latter 
is the case, would seem to be indicated by the fact that the gas law$4re 
employed, at one stage or another, in every deduction of the Equation 
that has been brought forward. 3 But closer study leads to Cfle bppo&te 
conclusion: that the Duhem-Margules equation is absolutely general, 
that it must hold as true for all actual vapors, up to the critical points, 
as it would if the vapors behaved like ideal gases. 

It is, of course, indifferent which form of thermodynamic procedure is 
1 4 «ru 6 , Am. J. Sci. t [3] 45, 87 (1893) 

* Arch. tci. phys. nat ., a6,136, 263 (1906); ap, 49 (1909); 30, 133 (1910), 

1 Dtihem, Ann . de l'£cok normale iup „ [3] 4, 9 (1887); Margules, Sitzungsbericht 
der Wiener Akademie, 204, II, 1243 (1895); Ostwald, Lehrbuch der allgetneinen Chetnie, 
II, a, pp.^636-64o (Ed. 2. Leipzig, 1902), Nerust, Theorrtische Chemie, p. 115 (Ed. 7, 
Stuttgart,* 19*3). 
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detected for the present scrutiny. For the sake of shortness and simplicity, 
we choose the method of reversible distillation and will follow Luther’s 
form of demonstration. 1 

Let a given binary mixture contain gi grams of the first component and 
ga grains of the second component, and let the corresponding partial vapor 
pressures be pi and pi . 2 We imagine this mixture divided into two halves. 
Then, with the aid of a semi-permeable membrane, we transfer, by iso¬ 
thermal and reversible distillation, the slight quantity Agi grams of the 
first component from the first to the second half. And next, with the 
aid of another semi-permeable membrane, we similarly transfer A& grams 
of the second component from the first to the second half of the mixture. 
We make Agi/Ag 2 = gi/g*\ *. e-, the small quantities transferred are in 
the same ratio as the total quantities of the components in the original 
mixture. Then the system is after the two distillations in the same state 
thermodynamically as before. And as the distillations were isothermal 
and reversible, the algebraic sum of the work involved in them must be 
zero: W\ + W 2 = o. 

We proceed to calculate W\ and W*. Let, during the first distillation, 
the pressure pi of the first component in the first half of the mixture change 
to pi— l / 2 dpi , and let the pressure in the second half of the mixture 
change from pi to pi + 1 /* dp lt making a total differen of dpi after the 
first distillation. The distillation consisted, to begin with, in the re¬ 
versible evape^tion of Agi grams; and in view of the narrow limits involved, 
the evaporation may be regarded as having taken place under constant 
pressure, namely the average pressure 1 / i dpi. If we denote by v\ 
the Volume of one gram of the vapor under this average pressure, then 
the Wprk gained by the evaporation is -f-Agi^j — V 4 dpi)v\. During the 
revetsible cpndensation of the vapor in the* second half of tne mixture, 
tfte average pressure, likewise assumed constant, must be pi + V4 dpi, and 
if denotes the volume ot one gram of the vapor under this pressure, then 
the work involved in the condensation is — Agi(pi + 1 /a dp 1)0*1. 

In order to have: A L \\ dpi)v\ =~ Agi(pi + x /a dpi)v*i, we must 
make the assumption that the product of pressure and volume is constant, 
but Only within limits differing by ‘/a dpi ; further, lhat product need not 
at all equal RT/Mi (where M\ is the molecular weight of the component 
in question). All we thus assume is that, no matter what the shape of 

1 See Ostwald, Loc cit., pp. 639- 640. 

* The partial pressure of each component is the pressuic that would he established 
in a dosed space separated from the vessel containing the mixture by a membrane 
permeable to all sorts of molecules of that component only. ,If the components of a 
binary mixture form no mixed molecular complexes, then the total pressure ir is equal 
to the sum of the two partial pressures as just defined* r *» p\ 4 - pi But the Duhem- 
Mar gules equation, generalized, applies to mixtures of any numl>er of components, 
and whether association of different molecules is possible or not. 





tilt £0 cum plotted with respect to p, whether it is — in conformity with 
the gas laws—a straight line parallel to the p~ axis, or not, two of its ordinqUs 
Separated by an indefinitely small interval are equal . 

The work Wu then, involved in our first distillation is only that required 
to compress the Ag* grams of vapor from pi — 1 /a dpi to pi + 1 /a dpi . And 
here again we do not use the ideal gas laws when we write: — W% » 
—Vs A&Vidpu where vt denotes the average volume of one gram within 
the narrow interval of pressures. Analogously, without employing the 
gas laws, we get for the work involved in the distillation of the second 
component: +W% * + l Mgg®id#>i- And therefore: '/lAgiVidpi + 
VtA&Uvdpi ■» Wi + W% ■* o, or giVidpi + & vdpi « o; whence: dpi/dpt * 
-~g&t/giVi. Substituting for Vi and vt (the volumes of t gram) their re¬ 
ciprocals g\ and g'i, the weights of i cc., we get: 

dpi/dpt « —g'lga/gig'* # (A) 

If our original mixture is confined within a closed vessel, and an indefinitely 
small amount of it is allowed to evaporate, then, while gi/gz represents 
the ratio of the weights of the two components in the liquid, g'l/g'i will 
equal the ratio of the weights in the vapor (the two vapors being enclosed 
within the same space). 

This expression (A) is the Duhem-Margules equation in the simplest 
form. The above mode of deduction frees the equation from its supposed 
dependence on the ideal gas laws and shows it to possess the rank of a 
purely thermodynamic law, from which there can be no deviation. If 
this were not true, then, since the behavior of vapors generally differs 
from that of ideal gases, dpi/dpi would generally not be equal to —g'lgi/ 
gig '*. When, now, the total vapor pressure r (*= pi + pi) is a maximum or 
a minimum, hr » o and dpi must equal — dpi, so that dpi/dpi « —i. 
Then, (A) not being strictly true, g'lga/gig's would not equal i; in other 
words, vapor and liquid would not have the same composition, and evapora¬ 
tion would yield fractions respectively more and less volatile than the 
original mixture—which i$ impossible, since r is a maximum or a mini" 
mum. We conclude that expression (A), the Duhem-Margules equation, 
must be strictly true. 

If we choose to speak in terms of molar fractions, then, in order that 
(A) should remain true, gi and g\ must be divided by the same molecular 
weight Mi, and g$ and g'i by the same molecular weight Ms. The molar 
fractions x and i — % of the liquid phase will thus be based on the same 
molcqylar weights as the molar fractions of the vapor. And if the partial 
pressures are taken to be proportional to the molar fractions in the vapor, 
Which must necessarily be the case if the “molecular weights’* themselves 
are defined on the bads of the gas laws, then expression (A) turns into the 
more familiar forms of the Duhem-Margules equation: 
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dpi/dpt m —p l { 1 — x)/p& 
and 

d In pi/d In * - d In pi/d In (i — x). 

Worcsbtbr, Mjlm. 

[Contribution from the Chemical Laboratories of Clare University.] 
THE LAWS OF RAOULT AND HENRY AND THE CONSTANTS 
OF EBULLIOSCOPY AND CRYOSCOPY. 

By M. A. Rosanoff and R. A Dunphy. 

1. Introductory. 

The formulae for calculating ebullioscopic and cryoscopic constants 
are usually deduced by combining: (1) van’t Hoff’s equation connecting 
osmotic pressure with the lowering of vapor pressure ; (2) the Clapeyron- 
Clausius equation, together with the gas laws; and (3) Raoult’s law. 1 
The possibility of thus calculating constants needed in determinations of 
molecular weights is counted among the achievements of the theory of 
osmotic pressure which entitle it to its central position in theoretical 
chemistry. 

The object of the present communication is to show that the constants 
in question can be found on the basis of Raoult’s law and the gas laws, 
without the use of the osmotic pressure concept; and, on the other hand, 
to show that Raoult’s law follows, together with the law of Henry, from 
the Duhem-Margules equation—a purely thermodynamic relationship. 
While no particular originality is claimed for our considerations,* it is 
hoped that they may be of some value, partly because of their transpar¬ 
ency, partly on account of their bearing on the question as to the relative 
scientific importance of the osmotic pressure concept. Furthermore, 
the ebullioscopic constants calculated by us are probably more exact than 
those found either on the basis of the heats of vaporization (which are 
seldom known accurately), or by direct ebullioscopic measurement (which 
involves the assumption that in the cases chosen as standard the molecular 
weight of the solute is normal—an assumption that is seldom free from 
doubt). 

a. Deduction of Raoult’s and Henry’s Laws from the Duhem-Margules 

Equation . 1 

To a pure solvent, whose vapor pressure in the free state is Pi, we add 

1 See Nernst, Tkeoretische Chemic, Ed. 7 (Stuttgart, 19*3)# PP- 148 and 283. 

* See Arrhenius's first deduction of the ebullioscopic formula, in a letter quoted 
by Beckmann (Z. physik Chem., 4, 550-351 (1889)), and especially Beckmann and 
tieache (Ibid., 86, 337 (1914)). The subject matter of this present communication was 
in the main ready for publication in January, 1913; the ebullioscopic constants have 
recently been recalculated. 

•A somewhat complicated deduction at Raoult’s law (but not of Henry’s) was* 
Xhren by Story (Phil. Mag., [ 6 ] 20, 97 (1910)). p 
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an infinitesimal amount of some second substance. The molar fraction 
of the solvent becomes x (still very nearly i ); that of the solute, (i — x), 

is now identically equal 
to d( i —#). The partial 
vapor pressure of the 
solute, pt t is identically 
equal to dpt. Thus dpt/pi 
* d In i and rf(i — 
£)/(i — #) « d In (i —#) 
53 i, and therefore d In 
pi/d\n(i —#)e£i. But 
according to the Duhem- 
Margules equation ■ 
d)n pi/d In x * 

d In ^/d In (i — x) 
It follows that at the 
very great dilution which 
we are considering d In 
pi/d In x — i f whence 
dpi/dx « pi/x and, as at 
our dilution * = i and 
pi = Pi, we find. 

dpi/dx = Pi, 
which is Raoult’s law* 

Experimentally, Raoult’s law holds true generally not only at infinite 
dilution (t. e. t at x « i), but up to concentrations of at least 5 molar per 
cent. (t. e. t between x = 1 and a: = 0.95). Within these limits the slope of, 
the curve representing the partial pressures of the solvent remains con¬ 
stant and equal to Pi) in other words, within these fairly wide limits the 
partial pressure curve is coincident with the straight line connecting the 
points x * o and pi = Pi. Since, thus, d In pi/d In x remains equal to unity, 
the Duhetn-Mar gules equation teaches that also 
d In pi/d In (1 — x) — 1. 

Integrating this within the permissible limits, we get: 

pi ~ k( i~ x) f 

where k is an integration constant. 1 But this last equation expresses 
nothin else than Henry's law: that the solubility of a gas or vapor is 
proportional to the pressure. Only, as the equation shows, the “sol- 
bility” must be measured in terms of the molar fraction of the solute. 
Raoult’s and Henry’s laws are thus intimately connected through the 
1 in 0 certain cases, though not frequently, k * Pj, which is the vapor pressure of 
the solute in the isolated state 
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Duhem-Marguks equation, and each law is seen to hold to the same 
limits of concentration as the other. 

3. Ebullioscopic Constants. 

To 100 g. of a solvent, the molecular weight of whose vapor at the 
boiling point T is M 0} and whose vapor pressure at the same temperature 
is Pi, we add A grams of a substance of molecular weight M . The result 
is a depression of Pi, to the smaller value pi. On the other hand, we cool 
a quantity of the pure solvent to a temperature, say, t degrees below its 
boiling point, so that its vapor pressure P } is lowered again to the value 
pi. We now assume that, if we should raise both the temperature T of 
our solution and the temperature T — t of the solvent t degrees, their 
lowered vapor pressures pi would rise back to one and the same value P x . 
By making this assumption we commit an error. For the rise of the par¬ 
tial pressure of the solvent in the solution between T and T t will not 
generally be the same as the rise of the vapor pressure of the pure solvent 
between the temperatures T — t and T. If, however, the amount A 
grams of solute in our solution is infinitel> small, then the properties of 
solution and solvent approach identity, and the error involved in our 
assumption becomes infinitely small. 

Under these conditions, then, no error is really committed by equating 
the rise of vapor pressure per degree in the solution at«d the rise of vapor 
pressure per degree in the pure solvent (Pi — pi)/t * dPi/dT. From 
this we have 

t = (Pi- pi)dl/dPi (1) 


We now introduce Raoult's law, in the form pi = PiX , or rather m the form 
Pi — pi ~ Pi(i — x). The symbol v represents the molar fraction of 
the solvent in the solution: 

io q/M 0 

X 100/Mo + A ~/M 
Equation (1) now becomes’ 
t « Pj( 1 — %)dT/dPi « 

p ( 100/Wo._ \dT f A/M \dT 

1 V 1 100/Mo + A/M/dPi X V 100/Mo + A/M/dP, 

Since A is infinitely small, we may write. 

PiA /M 

t ~ ~(ioo/M 0 )(dP 1 /dT )’ 

and as / is the elevation of the boiling point caused by the addition of &/M 
mols of the solute, E } the elevation per one mol of solute, is 

* " ( 100/M 0 ) (dPi/dT) ‘ 


The molecular weight M 0 of the vapor of the solvent is found by deter¬ 
mining the specific volume of the vapor and applying the gas laws (which 
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are perfectly reliable for the pressures of an ordinary boiling-point deter¬ 
mination) : Af© ** RT/P&. Therefore, finally: 

_ RT 

* ioo vdPxJdT 

That both the specific volume of the vapor at the boiling point and the 
variation of vapor pressure with the temperature, needed in Formula 2, 
can be measured with considerable accuracy, is indicated by many data 
in the literature; not only do the measurements of one and the same 
observer usually appear consistent among themselves, but the measure¬ 
ments of different investigators, carried out at different periods, are often 
in excellent agreement. For instance, according to Wtillner and Gro- 
trian, the specific volume of chloroform vapor is 0.226 liters; according to 
Young it is 0.229 liters. Again, according to Young (1889) the vapor pres¬ 
sure of benzene between 70 0 and 80 0 increases by 20.62 millimeters for 
each degree, while according to Smith and Menzies (1910) the increase 
is 20.65 mm.; between 8o° and 90°: 25.25 (Young) and 25.05 (Smith and 
Menzies); between 90 0 and ioo 0 : 32.8 (Young) and 33.0 (Smithand Men¬ 
zies) ; between 100 0 and 1 io°: 40.4 (Young) and 40.3 (Smith and Menzies); 
between no® and 120°: 49.0 (Young) and 48.9 (Smith and Menzies). 
Similarly, values of E for acetic acid calculated by Equation 2 from the 
pressure measurements of Landolt (1868), Ramsay and Young (1886), 
Kahlbaum (1894), and the data given by Young in his paper of 1910, 
vary only between -32.4 and 33.4. On the other hand, the figures found 
by direct ebullioscopic measurement vary between 25.4 and 30.7, and the 
figures calculated from the heat of vaporization vary between 29.8 and 35.7. 

The figures given in Table I were obtained by plotting the latest avail¬ 
able measurements on a sufficiently large scale and “smcxjUaing” the curves, 
—which yielded somewhat more precise results than wot|§pLave been found 
by linear interpolation. In all cases, to attain greater reliability, the E's 
were calculated for the atmospheric pressures 730, 760 and 780 mm., and 
plotted with respect to these pressures; then a straight line was drawn 
as nearly as possible to the>tttft6 fcMhts, and the E's read off from the line. 
The table gives in jjifticAse the value of E thus obtained for 760 mm. and, 
in the last 90*^^, file correction to be added for every 10 mm. between 
760 and^Bo 2am., or subtracted for every 10 mm. between 760 and 730 mm. 
We are inclined to believe that most of these ebullioscopic constants are 
wftfixn, say, 2% of the true values. 


«« Table I.— Ebullioscopic Constants. 


Wo. 

Solvent. 

Bolltax point 
under 760 mm. 

dPiJAT 

(etm). 

(Ut«r»). 

E 

(760 nun.). 

Correction 
per 10 mm. 

X 

Acetic acid. 

... 1X8.51° 

0.0308 

0.3x8 

32.8 

O.08 

2 

Benzene . 

80.15 

O.0309 

0.364 

2$,8 

O.24 

3 

Bffimobenzcne. 

... 15583 

O.0251 

0.211 

*6.$ 

0.60 

4 

Carbon disulfide... 

.... 46.00 

0.0325 

0.335 

24.0 

0.20 
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Table I (continued) 


No 

Solvent. 

Boiling point 
under 760 mm 

dPi/dT 

(atm) 

(liters) 

R 

(760 mm) 

Correction 
per 100 mm 

5 

Chlorobenzene 

131 98 

0 0271 

O 282 

43 5 

0 24 

6 

Chloroform 

60 19 

0 0329 

0 229 

36 4 

0 10 

7 

Cyclohexane 

80 88 

0 0301 

0 337 

*S 7 

0 11 

8 

Di isobutyl 

109 26 

0 0282 

0 162 

68 9 

0 38 

9 

Di-isopiopyl 

58 10 

0 0320 

0 304 

28 0 

0 14 

10 

Ethyl alcohol 

78 26 

0 0379 

0 613 

12 4 

0 10 

11 

Ethyl ether 

34 42 

0 0358 

0 320 

22 1 

P 07 

12 

Ethyl formate 

54 48 

0 0347 

0 353 

21 Q 

0 06 

n 

Ethyl acetate 

77 13 

0 0317 

0 3H 

29 0 

0 12 

14 

Ethyl propionate 

99 01 

0 0312 

0 287 

34 1 

0 20 

15 

Fluorobenzene 

85 41 

0 0301 

0 295 

33 J 

0 22 

16 

Heptane (normal) 

98 42 

0 0292 

0 292 

35 8 

0 22 

17 

Hexane (normal) 

68 59 

0 0313 

0 310 

28 9 

0 07 

18 

Iodobenzene 

188 47 

0 0239 

0 175 

90 7 

0 42 

19 

Methyl alcohol 

64 67 

0 0399 

0 829 

8 4 

0 09 

20 

Methyl formate 

31 92 

0 0377 

0 408 

16 ? 

0 10 

21 

Methyl acetate 

57 11 

0 0345 

0 357 

22 0 

0 09 

22 

Methyl propionate 

79 59 

0 0330 

0 316 

27 7 

0 16 

23 

Methyl butyrate 

102 62 

0 0309 

0 282 

35 4 

0 18 

24 

Methyl isobutyrate 

92 48 

0 0297 

0 277 

36 4 

0 16 

25 

Octane (normal) 

125 80 

0 0284 

0 264 

43 7 

0 05 

26 

Pentane (normal) 

35 98 

0 0354 

0 336 

2J 3 

0 12 

27 

Pentane (iso) 

28 02 

0 0365 

0 326 

20 8(f) 


28 

Propyl alcohol 

97 14 

0 0365 

0 489 

17 1 

0 12 

29 

Propyl formate 

81 20 

0 0325 

0 317 

283 

0 08 

30 

Propyl acetate 

101 68 

0 0299 

0 286 

36 I 

0 10 

31 

Stannic chloride 

114 20 

0 0263 

0 117 

103 2 

1 0 

32 

Water 

TOO 

0 0358 

1 651 

5 18 

0 07 

33 

Carbon tetrachloride 

* 76 50 

0 0314 

0 181 

SO 5 

0 36 


The pressure and temperature values used m calculating this table are 
based on the following measurements 

For ( 1) Ramsay and Young J Chem Soc , 59, 903 (1891) 

For ( 2) Smith and Menzies J Am Chem Sot 3a, 1453 (1910) 

For ( 3 ) ( 5 ). (15) and (18), Young J Chem 6 oc , 55, 486 (1889) 

For ( 4) Battelli, MSn Accad Torino 41 ,1 (1890) 42 ,1 (1891) 

For ( 6) Regnault, Mem de l Acad 26, 339 (1862) 

For ( 7) (12) (20), (27) and (33) Young Sc Proc R Dublin Soc * [JV 5 ] 12, 
374 (1910) 

For ( 8) and (9) Young and Fortey, J Chem Soc , 77 » 1126 (190°) 

For (10) Ramsay and Young, Phil Tram , X 77 » 1 » I2 3 (1886) 

For (11) and (19) Ramsay and Young, Phil Trans X78A, 57 (1887) 

For (13), (14), (21), (22), (23) (24) (29) and (30) Young and Thomas, J Chem 
Soc , 63, 1191 (1893) 

For (16) Young, Ibid , 73* 675 (1898) 

For (17) Young and Thomas, Ibid , 67, 1075 (1895) 

For (25) Young, JW , 77 » H45 (1900) 

For (26) Young, Ibid , 71, 446 (1897) 

* Added in proof 
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For (28) Ramsay and Young, Ffcfl. Twas,, iSq, w (1889). 

For (31) Young, Phil. Mag,, [5] 34 * 5*3 (1893) 

For (32) Regnault (recalculated by Broch), Landolt-Bomstein, Tabelkn (Ed 4, 
Berlin, 1912, pp 366-367). 

The specific volumes used in the table are based on the following data: 

For (1), (2), (3), (5), (7), (8), (9), etc, to (31), and (33) Young, Sc Proc R. 
Dublin Soc , [N S J xa, 374 (1910) 

For (4) and (6) Wullner and Grotrian, Wied Ann , n, 556 (1880) 

For (33) Zeuner, see Landolt-Bdmstein, TabeUen (Ed 4, Berlin, 1912, p 369) 

4. On Measurement of the Lowering of Vapor Pressure with the Aid of 
a Beckmann Ebullioscope. 

It may be of interest to record here that a Beckmann ebullioscope, 
connected with an empty thnk by sufficiently wide tubing, can be used for 
determining the lowering of vapor pressures at constant temperature. 
In making the measurements tabulated below, we used tubing of 1 cm. 
internal diameter and a tank of 100 liters capacity. No other “manostat” 
was necessary . 1 The pressures, which were considerably below that of 
the atmosphere, were measured with the aid of a baromanometer with a 
mirror scale. Kahlbaum's thiophene-free benzene was used as a solvent. 
Our naphthalene had been twice sublimed, twice recrystallized from al¬ 
cohol, washed with water, and dried over phosphorus pentoxide. The 
anthracene had been similarly purified by repeated sublimations and re¬ 
peated recrystallizations from alcohol The molecular weights were cal¬ 
culated by the formula: 

M « M 0 (g/G)[p l /(P l -p l )) t 

where the symbols M, M 0 , P u and pi have the same meaning as in the 
preceding section; G and g are the weights of solvent and solute, respec¬ 
tively. Here the variation of the vapor pressure of the solvent with the 
temperature is not needed, and thus one source of error ^eliminated. 

In the practice of the organic laboratory, M 0 may in the case of all 
“unassociated" solvents be assumed equal to the normal molecular weight. 
That the results are as good as those usually obtained from elevations of 
the boiling point under constant atmospheric pressure, is indicated by the 
following measurements: 

1 Determination of the Molecular Weight of Naphthalene in Benzene —Weight G 
of benzeqe taken ** 26 33 g The observed pressure P\ of the pure solvent was 639 85 
mm The molecular weight of benzene vapor, Mo , assumed =• 78.1 Found 


s. 

pi mm. 

M. 

0 7913 

628 7 

131 3 

I 3141 

621 6 

131 7 

T 84U 

614 5 

131 3 

* 3446 

607 4 

129 2 

3 3453 

594 3 

128 5 


The normal molecular weight of naphthalene is 128 06. 
1 Bee Beckmann, Z . physik. Chem , 79, 563 (1912) 
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2 Determination of the Molecular Weight of Anthracene tn Benzene —Weight G 
of anthracene taken * 29 740 g The observed pressure Pi of the pure solvent was 
639 7 mm The molecular weight of benzene vapor, Mo , assumed = 78 1 Found. 

B - pi mm id . 

o 5676 634 6 185 4 

, o 8696 631 9 184 8 

The normal molecular weight of anthracene is 178 08 

5. Cryoscopic Constants. 

Let the straight lines in Fig 2, marked “Ice,” “Water,” and “Solution,” 
represent the tangents to the corresponding vapor-pressure curves at the 
points Pi, again Pi, and 

pi, respectively. If the 

solution under consider- 
ation is infinitely dilute, 

then the points P u p u A 

and p i are infinitely Pi 

near together, and the i 

tangents may be con- | y \ \ 

sidered in place of the If / \ \ * * 

vapor-pressure curves 1 j 

themselves, without any ] | 

finite error being com- 1 -t* o’ r e mp**a.t<jt*s 

mitted. 

Wliat is sought is the depression t of the freezing point, caused by the 
addition to 10O g. of the solvent, the molecular weight of whose vapor 
may be M 0 > of an infinitely small quantity A grams, or A/M mols, of 
solute. Geometrically, what is sought is the t corresponding to the point 
of intersection of the ice and solution lines. The ice line passe~ through Pi, 
which represents the vapor pressure of the solvent at the freezing point; 
and its slope may be dt lOted by dp,/d* (the subscript i referring to ice). 
The equation of the ice line is therefore. 

p - Pi + (3) 

The solution line passes through the point pi, which represents the vapor 
pressure of the solution at the freezing temperature of the solyent. The 
slope of this line is the same as that of the water line, since the solution 
is infinitely dilute (see section 3 above). It may be denoted by %p w /bt 
(the subscript w referring to water, the pure solvent). Then the equation 
of the solution line is: 

Ps — Pi + (4) 

At the freezing point of the solution p t ** p s ■ P-f Hence, from (3) 
and (4): 

Pi + * pi H" (dpw/<M) A 

and 





m 
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} 4 y t 

$ m 


Fi-ti 


( 5 ) 

-#h its 
x, the 


*pi/ht-ty 9 /to 

Now we apply Raoult's law and, accordingly, substitute for Pi - 
equal P*(x — %), as in section 3. Remembering further, that 
molar fraction of the solvent, is 

100/Mo 

100/M0 + A/M* 

and that the solution is infinitely dilute, equation (5) becomes : 

%m _ PiA/M 

{100/Mo) fapi/lt — bpw/bt) 

Finally, since M 0 «* RT/P x v t where v is the specific volume of the vapor 
of the solvent, the depression E per one mol of solute becomes : 

E -—- (6) 

100 v$pi/to — d#>*/dO 

Unlike the corresponding expression for the molecular elevation of the 
boiling point, this expression (6) for the constant of cryoscopy has scarcely 
more than theoretical interest; for the difference of the two slopes involved 
is usually small and difficult to determine with precision. Here van’t 
Hoff's formula, based on the heat of fusion of the solvent, will usually be 
of greater practical advantage. Both expressions (2) and (6) turn into 
the commonly used Van’t Hoff formulae if combined with the Clapeyron- 
Clausius equation; for ebullioscopic purposes, as we have seen, this trans¬ 
formation is not desirable. 

In conclusion we would point out that, since Raoult's law follows from 
the Duhem-Margules equation, and since the molar fractions in the latter 
are based on the molecular weights, not in the liquid mixture, but in the 
vapors emitted by it—the curious idea suggests itself that all ebullioscopic 
and cryoscopic measurements indicate molecular weights, not really of the 
substances in solution, but of their vapors emitted by the solution. That 
the molecular weight of the “solvent" in Raoult's law is that of the sol¬ 
vent's vapor, is generally recognized. f 

Woactma, Mam. * u< K 


{Contribution rrom ms CmancAi. Laboratojuss or Nsw Hampshire Col&sob.] 

THE SEPARATION OF YTTRIUM FROM THE YTTRIUM 
EARTHS. PART H. 

1* By H C Bomwh axp c. Jamjw 

fcaccJvtd May IS, 1914 

In a previous paper, the authors have shown several methods of sepaV 
rating yttrium from the yttrium earths, the most efficient of which were, 
the fractWha! precipitation of the chromates and the fractional pcedpi- 
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tation of the phosphates. These methods, however, were not well adapted 
to the separation of yftrium on a commercial scale, and therefore the work 
was continued in hope of finding a suitable method to use in working up 
huge quantities of material. 

A. Fractional Precipitation by Means of Sodium Nitrite. 

The material first used was the most soluble portion obtained during 
the fractionation of the yttrium earths from Carolina monazite by the 
bromate method. It contained ytterbium, lutecium, erbium, thulium 
and yttrium with traces of thorium. A quantity of this material was con¬ 
verted into the oxide dissolved in nitric acid and diluted to about 1500 cc. 
with water. This was boiled and stirred by means of steam, while an 
amount of a concentrated solution of sodium nitrite vpas added sufficient 
to precipitate about one-third the rare earth material present. In a like 
manner, another precipitate was obtained from the mother liquor. Nitric 
acid was then added to the filtrate from Fraction 2 in order to liberate 
the nitrous acid and Fraction 3 was obtained by means of oxalic 
acid. These fractions were then purified by reprecipitating as oxal¬ 
ates, igniting, boiling the oxides with water to free them from sodium, 
dissolving in hydrochloric acid, reprecipitating as oxalate and igniting. 
A portion of each was then taken and the equivalent determined by the 
method described in Part I. 

Summary 


No. of fraction. Atomic weight 

1 . II7.2 

2 . 959 

3 . 9 1 4 


Fraction I was then dissolved in nitric acid and diluted to about 750 
cc. with jy^ter, a small quantity of sodium nitrite was added and the so¬ 
lution ptytygiiin a flask, where the pressure was reduced considerably at 
room . In ibis manner Fraction 1A was obtained and proved 

to b£$$$chw^ The mother Jjquor was then fractionated further by means 
of pjtajjjtitim nitrite* The metficit was similar to that used in the first case, 
Wept that a smaller quantity of sodium nitrite was added each time. 
Five fractions were thus obtained, and, after purification, the equivalents 
were determined. * 

Summary. 


No. o* fraction. 

Atonic weight 

xA . 


XB. 


iC . 


ID. 


iE. 

.. I10.20 

iF . 



Fractipn iB was nearly rose color and gave a fairly d ense oxalate. Fracr- 
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tiec fc€ me a light pink color and gave an oxalate less dense than *B. 
iD was mere pink than iCand also denser, ifi was lighter in color than 
iDbut was about the same density. Fraction iF was lighter colored than 
lE and gave a very fluffy oxalate. 

Fraction a was then dissolved in nitric add and diluted to about 700 cc. 
with water, boiled and stirred as before. By adding a sufficient amount 
<rf sodium nitrite to predpitate about one-fourth the rare earth material 
present, Fraction 2A was obtained. In the same way, three more fractions 
were obtained and then nitric add was added to free the solution of ni¬ 
trous add, after which oxalic add was added to get Fraction 2E. These 
were then purified and the equivalents determined. 

Summary. 

No. of fraction. Atomic weight 

2A. in .00 

2B. 105.30 

2C. 104.50 

2D. 96.40 

2B. 91.00 

Fraction 2A was pink and fairly dense, the color of the series gradually 
grew lighter to 2E, which was just slightly pink. The poor separation 
between 2B and 2C was due to the fact that the precipitate was colloidal 
and not granular as the others. 

Fraction 3 was next dissolved in nitric acid, diluted to about 700 cc. 
with water and four fractions obtained in a similar manner to that in the 
previous case. These were purified as before and the equivalents deter¬ 
mined. 

Summary. 

No. of fraction Atomic weight 

3A. 94.00 

3®. 91*10 

3C . 89.50 "* 

3D. , 

Fraction 3A was similar in color to Fraction 2C and was fairly J|nse. 
3B wa s nearly white with about the same density as 3A,. 3C was w l t m ^ 
with a tinge of yellow. 3D had a tendency toward pale buff and there was * 
not a sufficient quantity to make an equivalent determination. Fractions 
3A, 3B, and 3C were about of equal size. By means of the spectrograph 
it was found that iB gave an intense ytterbium spectrum while iD con¬ 
tained no ytterbium. Fraction 3C consisted of practically pure yttrium. 
This can be seen to be the most efficient and rapid method of separation 
found up'fc the present time. 


Since the separation of yttrium from dysprosium and holmium is more 
difficult than from erbium, it was thought that it would be of interest to 
apply the nitrite method to a mixture of yttrium, dysprosium, and holmium, 
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containing traces of terbium and neodymium. About 50 g. of these oxides 
were dissolved in nitric acid and diluted to 800 cc. with water. The method 
of fractionation was the same as in the previous case, except that a large 
excess of sodium nitrite \eas added at the very beginning of the frac¬ 
tionation. The first three fractions obtained were very markedly col¬ 
loidal* and could not be filtered, but had to be allowed to stand over night 
to settle. The final fraction was taken by means of oxalic acid after 
freeing from the nitrous acid. The fractions were then purified and the 
equivalents determined. 

Summary. 

No. of fraction. Atomic weight. 


1 . 117 80 

2 . 115 90. 

3 . 115 70 


4 


114.90 


The fact that the separation was very inefficient was probably due to 
the colloidal condition of the precipitate obtained. After a careful in¬ 
vestigation of the variables involved in the fractionation, it was found that 
a very large excess of sodium nitrite would cause the precipitate to be col¬ 
loidal instead of granular. Therefore, the same material was taken and 
subjected to fractionation again, care being taken to avoid an excess of 
sodium nitrite. Eight fractions were thus obtained, ihe last one being 
precipitated with oxalic acid. It took considerable boiling to obtain the 
fractions and the precipitate was very fine and fil tered readily. Terbium 
was found to collect in the first fractions, while neodymium was concen¬ 
trated in the last fraction and was removed by means of sodium sulfate. 
These various fractions were then purified as before and their equivalents 
determined. 

.Summary, 

No. of fraction. Atomic weight. 


I. I 2 I.IO 

.. *20.80 

3 . *. 117 60 

4 . 116.70 

5 . 11360 

6 . 112.10 

7 . 107.50 

8 . 99.40 


A mixture of the oxides of yttrium and erbium was dissolved in nitric 
acid, diluted to about one liter and subjected to the same method of frac¬ 
tionation. In the first case, five fractions were obtained by using a large 
excess of nitrite. The somewhat colloidal precipitates were purified as 
before and as there was no apparent separation when examined by the 
spectroscope, the equivalents were not determined. 

The same material was taken and fractionated again, with only a slight 

















excess of sodium nitrite over the amount required to precipitate the drat 
fraction. Six fractious were obtained, all of which were crystalline and 
filtered rapidly. These were purified and their equivalents determined as 
before. 'A gradual change of color could be seen in going from Fraction 
i, which was pink, to Fraction 6, which was pure white. 

Summary. 

No. of fraction. Atomic weight. 

1 . 92-5 


2 . 90.9 

3 . 90.7 

4 . 90.2 

3. 90.0 

6. 88.3 


By this method about 20% of the original material was obtained in the 
last fraction, which was pure yttrium. 

Fractionation of Gadolinite Material. — About 300 g. of rare earth 
oxides, obtained from gadolinite, were dissolved in nitric acid and diluted 
to about three liters with water. This was boiled in an enamel pail and 
sodium nitrite added in small amounts until a fair sized precipitate was 
formed. In this way eight fractions were obtained. The first and second 
precipitates were somewhat gelatinous, but the succeeding ones grew more 
granular and filtered readily. Upon examination, the first fraction was 
found to contain thorium. Fraction 2 showed a strong spectrum of er¬ 
bium. Fraction 3 gave a strong erbium spectrum and a trace of neodym¬ 
ium. Fraction 4 showed a decrease in the erbium spectrum and a trace 
of neodymium. Fraction 5 gave a further decrease in the erbium with an 
increase in the neodymium. Fraction 6 showed an increase in the neodym¬ 
ium and a trace of erbium. In Fraction 7 a still further increase in the 
neodymium and a trace of erbium were apparent. Fraction 8 gave an in¬ 
crease in the neodymium and no erbium whatsoever. The last three 
fractions contained about one-fifth the original material. From these 
results it would seem that the yttrium could be separated from the gadolin¬ 
ite earths very rapidly. 

B. Fusion of the Nitrates. 

A mixture of erbium and yttrium oxides were dissolved in nitric add 
and the resulting nitrates evaporated and fused until brown fumes began 
to be evolved.. This fused mass was then poured into a casserole con¬ 
taining odd water and then dissolved by heating and evaporated just a 
slight amount. The basic nitrates were then allowed to crystallize out 
by standing over night. The crystals thus obtained formed Fraction x 
Usd the filtrate was submitted to the same treatment as before to obtain 
Fraction 2. In this way six fractions were obtained. Fraction 7 was 
precipitated from the filtrate of Fraction 6 by means of oxalic add and 
contained about one-fourth the original material. 
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No. of fraction. 

1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 


Summary. 

Atomic weight. 

. 90 80 

. 91.25 

. 90.85 

. 89.65 

. 88.80 

. 88.45 

. 88.00 


As can be seen, Fraction 1 gave an atomic weight less than Fraction 2. 
This was due to the fact that the decomposition was carried too far and 
therefore the basic nitrate obtained was somewhat colloidal and also the 
fused nitrate was not entirely soluble in water. 

C. Fractionation by Moans of Boiling with Sodium Hydroxide. 

A concentrated nitrate solution containing yttrium and erbium was 
boiled, and a sufficient quantity of sodium hydroxide added to precipitate 
abdut one-fifth the rare earth material present. This was boiled for a 
short time and then allowed to stand over night in order that the basic 
nitrate might crystallize out. In this way three fractions were obtained 
and the fourth precipitated with oxalic acid. These were purified as 
before and the equivalents determined. 

Summary. 

No. of fraction. Atomic weight. 


1 . 90.30 

2 . 89.90 

3 . 88-75 

4 . 88.30 


Conclusions. 

The best method found thus far for separating yttrium efficiently from 
the other earths is by means of fractional precipitation with sodium 
nitrite. This gives a larger yield, a more rapid separation and is less ex¬ 
pensive than either the phosphate or chromate method. This method 
is, however, not very effective for separating terbium from yttrium. 


CONTRIBUTION TO THE CHEMISTRY OF GOLD. Ut AUTO¬ 
REDUCTION AS A FACTOR IN THE PRECIPI¬ 
TATION OF METALLIC GOLD. 

By Victor Lrnhsr. 

Received April 27 . 1914 . 

In the various studies which have been made on the precipitation of 
gold from solution, attention has been directed for the most part to the 
action of various reducing agents on gold solutions. The general chemical 
inactivity of gold enables us to deposit the metal in elementary form by 
most of the metals, the metallic sulfides, ferrous salts, various organic com-' 
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pounds and, in fact, in the ordinary sense of the word, gold compounds are 
readily reduced to metal by the mildest of reducing agents. 

.On the other hand, very little attention has been directed to the precipi¬ 
tation of gold in the metallic condition by oxidizing agents. A few iso¬ 
lated cases of the “auto-reduction” of gold from its compounds by certain 
oxidizing agents have been recorded, but the general principle of the auto¬ 
reduction of gold compounds has not received systematic study from the 
standpoint of the deposition of gold. 

It has been known for a long time that hydrogen peroxide, when brought 
in contact with oxide of gold or oxide of silver, will reduce either of these 
metallic oxides to metal, water and oxygen being formed simultaneously. 

AU2O3 + 3H2O2 * 2Au + 3H2O + 3O2. 

AgiO + HjOj - zAg + HjO + O2. 

In a similar manner, gold solutions in contact with hydrogen peroxide 
yield metallic gold, oxygen being evolved at the same time. This reaction 
of hydrogen peroxide with gold compounds takes place in either acid or 
alkaline solution. Sodium peroxide and sodium perborate precipitate 
metallic gold immediately from gold solutions. Barium peroxide and cal¬ 
cium peroxide act toward gold solutions in exactly the same way, precipi¬ 
tating metallic gold at once. These compounds are perhaps closely related 
to hydrogen peroxide and, as a consequence, act similarly toward gold so¬ 
lutions. Osmium tetroxide, or the so-called osmic acid ( 0 s 0 4 ), when dis¬ 
solved in water will not reduce gold solutions, but when the free acid is 
neutralized, or when the solution is made alkaline with sodium hydroxide, 
sodium carbonate or calcium carbonate, metallic gold is precipitated. 
The higher oxides of nickel and cobalt, prepared by the action of an alka¬ 
line hypobromite on solutions of nickel and cobalt chloride, when brought 
in contact with a solution of gold which has been rendered alkaline, pre¬ 
cipitate metallic gold. 

Lead peroxide as well as red lead precipitate metallic gold from either 
neutral or alkaline gold solutions. 

Ceric oxide, prepared in the hydrated form by rendering ceric chloride 
al k a line , precipitates metallic gold at once from a gold solution which has 
been rendered alkaline. 

The compounds of manganese present interesting deportment along this 
same general line of auto-reduction. Manganese dioxide, prepared by 
the action of bromine on a manganese acetate solution, precipitates gold 
from its solution either under slightly add, neutral, or alkaline conditions. 
Potassiuln permanganate, on being allowed to stand for some time with 
auric chloride, causes metallic gold to be predpitated along with manganese 
dioxide. 

The minerals pyrolusite, wad, braunite and manganite, when brought 
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in contact with a gold solution, which is either add, alkaline, or neutral, 
slowly cause gold to deposit. 

Recently Brokaw 1 has shown that manganese salts, when made alkaline, 
or even manganese carbonate will predpitate gold from solution. The 
direction of the reaction between manganous salts and gold chloride is con¬ 
sidered by Brokaw to be largely due to hydrolysis of gold chloride solutions, 
although the equations, as given, show that gold chloride and manganous 
salts react in neutral solution to form manganese dioxide and metallic gold. 
All of the reactions recorded by Brokaw have been studied and corrobo¬ 
rated. That manganese can be of considerable importance in the deposi¬ 
tion of gold is unquestionably true, and its function may be that which 
Brokaw has suggested; but, in addition, manganese may play the role of a 
reducing agent, acting solely through auto-reduction. 

Auric compounds, as is well known, are easily reduced to metallic gold, 
and, hence, can be considered as oxidizing agents and can, obviously, 
oxidize manganous hydroxide to manganese dioxide. It can therefore be 
considered that the mutual precipitation of gold and manganese dioxide 
by calcite, as cited by Brokaw, is simply the neutralization of the excess 
of acid, whereupon the oxidation of the manganese by the gold solution 
results in the precipitation of both manganese dioxide and metallic gold. 

That this is the direction of the reaction is evidenced by the duplication 
of the phenomenon by replacing manganese salts with cerium compounds. 
Cerous hydroxide precipitates metallic gold in alkaline solution; the cerium 
being at the same time oxidized to cerium dioxide. Similarly, when a 
piece of caldte is introduced into a solution of cerium chloride and gold 
chloride, as the free acid is neutralized by the calcium carbonate a deposit 
of cerium dioxide containing metallic gold begins to form on the calcite. 

The presence of gold in the manganese deposits, which observation has 
been studied by Emmons,' may be due to the fact that manganese is a 
significant agent in the superficial transportation of gold; but such is by 
no means necessarily the case. Two distinctly different kinds of reactions 
may be going on. In one case a chloride solution, containing free acid on 
coming in contact with an oxidized manganese deposit will produce free 
chlorine, or its equivalent. This chlorine solution can then dissolve gold 
and cause the production of a gold bearing manganese solution, which, so 
long as it contains considerable free acid, is quite permanent; but, whfcn, 
it comes in contact with any neutralizing agency, for example, a limestone 
metallic gold and manganese dioxide would be at once precipitated. This 
accords with experiments which have been reproduced in the laboratory, 
and which do not, as indicated by Emmons, require such a reducing agent 

1 J. Eng. Jnd. Chetn., $, 560 (1913). 

1 Emmons, Trans. Am. Inst. Min. Eng., 1910, 768. 
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as ferrous sulfate or other reducing agents aa indicated by Wells, 1 to produce 
a jampitate. On the other hand, the gold present in the manganese 
deposits adjacent to other gold deposits may be due whofely to the tact 
that gold solutions in contact with manganese dioxide yield metallic gold* 
by virtue of the principle of auto-reduction shown by other peroxides with 
gold solutions. 

The auto-reduction of gold solutions to metallic gold has apparently, 
thus far, not been considered as an important geological factor in the sec¬ 
ondary deposition of gold, but it is doubtless possible that in many in¬ 
stances one can conceive of the oxygen of the air as being the real agent 
which causes the gold to be reduced in presence of a manganese or similar 
compound which acts as a catalytic agent. 

Umvsssmr of Wisconsin. 

Madison. Wa 

THE VOLUMETRIC DETERMINATION OF TITANIUM AND 

CHROMIUM BY MEANS OF A MODIFIED REDUCTOR. 

By C. Van Brunt. 

Received Mty 4. 1914. 

Shimer and Shimer* have described a modification of the method of 
Newton* for the determination of titanium, in which the reduction by 
boiling with zinc in a flask is supplanted by the use of a Jones reductor. 
The authors found that the ordinary form of this familiar apparatus, as 
used in the determination of iron, does not give complete reduction—a 
fact which the present writer can corroborate. They accordingly sub¬ 
stituted a much longer and narrower tube, which modification had the 
desired effect. 

The proposed method seemed to offer a way of escape from the tedious 
methods in vogue. These must include the original Newton method 
which, though for most purposes preferable to the gravimetric, is still 
lacking, mainly because of the slow disappearance of the last portions of 
the zinc, and the difficulty of preventing, with certainty, during this stage, 
the partial reoxidation of the very sensitive hot titanous solution. 

But in practice in this laboratory, the Shimer reductor filled with 20- 
mesh zinc has been found to offer little, if any, advantage in point of time, 
because of the extremely slow passage of the solution through the long, 
thin tube. The difficulty of preventing reoxidation was present here also. 

This latter point, however, was successfully met by the simple device 
of letting j} the titanous solution run directly from the reductor into an 
excess of ferric solution previously placed in the receiving vessel. An ex- 

1 Tram. Am. Inst, Min. Eng,, 1910, 793. 

* Orig, Comm. 8 tk Intern. Congr. Appl. Chem 1,445. 

* Am. J. JSci., [4] 25,130, 343. 
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tension tribe reaching nearly to the bottom of the receiver was used. The 
reduction of the Fe m by the Ti m is instantaneous and in place of titanous 
sulfate only the very stable ferrous sulfate comes into contact with the 
atmosphere. 

The slowness and inconvenience of the long, narrow reductor still re¬ 
mained. 

The zinc used was somewhat finer than is recommended by Shimer and 
Shimer, and to this may be due part of the difficulty, but none other being 
at hand, it was sought to improve matters by using a reductor of ordinary 
dimensions which could be heated continuously by means of a current of 
electricity circulated through a winding about the barrel of the instrument. 
This device proved entirely successful, not only titanic but also chromic 
salts being completely reduced in a few minutes. 

The instrument is a reductor of the usual form, having a column 2.5 
cm. in diameter by 20 cm. in height of coarse granulated zinc well amal¬ 
gamated. The tube is wrapped with a few feet of resistance ribbon— 
iron wire would suffice—in series with a lamp or other resistance adapted 
to taking sufficient current from a lighting circuit to boil the contained 
solution. 

To use the reductor, the stopcock at the bottom is closed, and the tube 
is partly filled with hot 5% H2SO4, which is followed b> the solution to 
be reduced. A 2-holed rubber stopper, carrying a funnel tube with a stop¬ 
cock and a small vent tube, is then placed in the top of the reductor and 
the contents are brought near to boiling and held there for 10-20 minutes. 
The internal pressure is then, by an obvious manipulation of the openings, 
allowed to force the charge into an excess of acidified ferric ammonium 
sulfate solution through a tube extending to the bottom of the vessel 
as before described. A tall narrow beaker may advantageously be used. 
More add is then admitted and forced out as before. These operations 
are carried out without access of air to the space above the zinc. The 
washing is then completed with 1% H3SO4, with the top of the reductor 
open as usual. The reduced iron is titrated with KMnC>4 in the usual 
maimer, and the titanium present calculated: 

Fe m + Ti m * Fe 11 + Ti IV 

The only thing to be guarded against is a tendency for a portion of the 
contents of the receive*' to be sucked back into the reductor if the steam 
in the latter is allowed to condense during emptying. This offers no 
practical difficulty. 

The solutions for reduction should contain about 5% free Hs^O#* Much 
more than this causes too vigorous action. 

The procedure for solutions is identical with the above: 

Cr 11 - Fe 11 + Cr in 
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The method was Checked tip is the case of titanium by means of a 
standard solution prepared from potassium fluotitanate, K*TiF», by 
fuming off with H*S0 4 » The TiO* content was determined gravimetrieally 
by precipitation with NH 4 OH with the precautions laid down by Borne- 
mann and Shirmeister, 1 with the following results: 

G. TiOiper cc. 0.01196, 0.01197, 0.01196 

10 cc. portions of this solution were then reduced and determined as described 
in the foregoing, giving 

G. TiO* per cc,, 0.01196, 0.01195, 001195. 

The permanganate solution used was standardized against Mohr’s salt 

For chromium, the standard solution was prepared by dissolving a weighed portion 
of pure fused KjCrjO? and making up to a definite volume such that 1 cc contained 
the equivalent of 0.0x035 g Cr 5 O s . This solution, analyzed by the reductor method 
in 10 cc portions gave 

G. CraOj per cc , o 01032, o 01035, o 01035 

The application of this method to the analysis of a mixture containing 
iron, chromium and titanium may be considered as an illustration. 

The substance is brought into sulfate solution by known methods and 
made up to a definite volume. Iron is determined in an aliquot portion by 
titration after reduction in a reductor in the ordinary manner, with the 
important exception that Bi 2 0 8 is added to reoxidize any reduced 
titanium and chromium. 2 Or the reduction may be effected with H$S or 
SOj which have no action on Ti IV or Cr m . 

A second portion is treated in the heated reductor in the manner de¬ 
scribed. The subsequent titration gives the permanganate equivalent 
of all three constituents combined. 

The chromium alone is determined in a third portion by conversion 
to Cr VI by boiling with ammonium persulfate and titrating in the usual 
manner with Be 11 and KMn0 4 . Substituting the KMnO* equivalent 
for the Cr found, and adding to itUiat of the Fe, the Ti is then obtained by 
difference. Since the determinations upon which rests the result so 
tained are not subject to significant error, the usual criticism of re^dtts 
by difference applies with a minimum of force, especially when one in¬ 
siders the well known difficulty of the separations involved in a^Krect 
determination of this metal in such combinations. 

Practically any analysis involving these three metals can be readily 
handled so that a solution adaptable to the ab©Ve procedure is obtained; 
in fact, it is generally easier than not so to handle ft. Of other metals, 
tungsten* molybdenum and vanadium can be reduced by the treatment, 
but are easily removed in the preparation of the solution. 

An exception to this generalization should perhaps be made in the case 

1 MeUtfiurgU, 7, 711. 

1 Newton, Am. J. Set., [4] 33, 365. 
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of certain complex alloy steels, the application to which of the procedure 
described, './hile not discouraged, has not as yet been considered in detail. 

Summary. 

An oxidimetric determination of Ti and Cr, involving the use of an elec¬ 
trically'heated reductor, is described, by means of which these metals 
may be determined easily and accurately, either alone or together with 
iron and other metals. 

The writer wishes to express his appreciation of the services of A. Ortiz 
and also of H. B. C. Allison, who performed the test analyses cited and 
suggested the extension of the procedure to Cr. 

Rbsbakch Dab. Gun. Elbctric Co , 

Schbnbctady, N Y 

THE PERMANGANATE DETERMINATION OF IRON IN THE 
PRESENCE OF CHLORIDES. 

By O. D. Barnbbby. 

^ Received March 25, 1914 

Since the original proposal of the permanganate titration of iron by 
Marguerite, 1 the method has undergone various modifications. The 
majority of these changes were made to obviate the high results obtained 
by titrating in the presence of hydrochloric acid. Th*o error was first 
pointed out by Towenthal and Lenssen 2 and later by a number of authors . 3 - 26 
Kessler 4 first called attention to the fact that considerable sulfuric acid, 
and still better manganese salts, greatly reduced the influence of the 
hydrochloric acid. Zimmerman 8 then proposed the use of manganese 
salts for this purpose, claiming as great an accuracy in hydrochloric as in 
sulfuric acid solutions. Reinhardt 7 next suggested the use of phosphoric 
acid also, for the removal of the color of ferric chloride to insure a better 
end point. 

The permanganate method, used very largely to-day for the determin¬ 
ation of iron in ores, in brief is as follows: Solution of the ore by heating 
with stannous chloride and hydrochloric acid, completion of the reduction, 
by adding stannous chloride to the hot solution until colorless, dilutf*,'' 
addition of mercuric chloride to remove the excess of stannous salt, ad¬ 
dition of the Zimmerman-Reinhardt solution (sometimes known as “pre¬ 
ventive solution”) containing sulfuric acid, manganese sulfate and phos¬ 
phoric acid, and titration with permanganate, taking the first recognizable 
tint of color, permeating the entire solution for a short time, as the 
end point (inasmuch as the end point is somewhat unstable in the presence 
of chlorides). 

The question which has concerned most of the authors quoted is: 
Does the Zimmerman-Reinhardt, or similar solution really prevent the 
action of hydrochloric acid? Birch M maintains that the method is only 
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an Approximate one. However, the concensus of opinion of the various 
workers is that, if used in sufficient quantity, it stops practically all, if not 
all, of the influence of small amounts of hydrochloric add. Friend 14 says 
the concentration of hydrochloric add should not be greater than 0.25 Af. 
Jones and Jeffreys 11 find a constant error, which is not obviated by any 
concentration of hydrochloric add or manganese sulfate mixture. They 
recommend a subtraction of this error in each determination. To test 
this point, a standard solution of ferrous sulfate, containing sulfuric add, 
was prepared and its strength determined by permanganate titration in 
sulfuric add solution. Equal volumes of this solution were then employed 
for titration with varied quantities of hydrochloric add and preventive 
solution. 

General Reagents. 

The Reinhardt-Zimmerman solution was made as follows: 160 g. 
of crystallized manganese sulfate, 330 cc. phosphoric add (sp. gr. 1.7) 
and 320 cc. of sulfuric aicd (sp. gr. 1.84) diluted to 2400 cc. It is also 
designated manganese solution No. 1, to distinguish l^Hearly from other 
preventives employed. This solution is in general use for the titration of 
iron. 

Other reagents used in this and other series are as follows. Hydro¬ 
chloric add, sp.gr. 1.10; sulfuric add, sp. gr. 1.40; phosphoric acid, sp. gr. 
1.35; mercuric chloride, a saturated solution; stannous chloride, 200 g. 
SnCls.2H s 0 and 70 cc. HC 1 (sp. gr. 1.20) per liter. 

The ferric chloride solutions used in each series following series six were 
analyzed by the use of the Zimmerman-Reinhardt solution called in this 
paper “manganese solution No. 1.” At least one result is given in each 
series. Where only one result is given it is an average of two or more 
analyses. 

Special reagents for individual series will be described in connection 
with the series in which they are used. 

Volume of Solutions Titrated. 

jjJJnless otherwise stated, the volume of the solution after dilution just 
Ttfwtoding titration was about 500 cc. In most cases a considerable 
deviation from this volume is of very little consequence, but for the general 
purposes of this paper it is important. 

Use of Preventives Containing Manganese. 

Table I shows very concretely that no correction for an inherent error 
of the ,Zimmerman-Reinhardt method is necessary. However, it is easy 
to conceive a trace of iron in a reagent such as the stannous chloride, 
which, if used for the reduction of all the iron present, would introduce 
a faMy uniform error of the nature described by Jones and Jeffreys* 11 

A nunfber erf authors recommend a time interval between the addition 
of the mercuric chloride and manganese sulfate solution. In some cases 
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Tabie I. 

Series I.—Accuracy of the Zimmerman-Reinhardt Method. 

20 cc. of FeS 0 4 solution « 0.1338 g. Fe. 1 cc. of KMn 0 4 solution « 0.004386 g. Fe. 1 


Expt. No. 

Wt. Fe 
taken. 

Cc. 

HC 1 . 

Cc. 

HiSO*. 

Cc. man¬ 
ganese aoln. 
No. 1 . 

Cc. 

SnCU. 

Cc. 

HgCla. 

Wt. Fe. 
found. 

Deviation 
from H*SOi 
result. 

I 

O.X 338 

. . 

20 

.. 



0.1338 


2 

O.I338 


20 




0.1338 


3 

0.1338 


20 

20 



0.1337 

— O.OOOI 

4 

0.1338 

5 


20 



0.1338 

**=0.0000 

5 

0.1338 

10 


20 



0.1337 

—0.0001 

6 

0.1338 

10 


20 



0 1337 

—0.0001 

7 

0.1338 

25 


20 



0 1339 

+0.0001 

8 

0.1338 

40 


20 



0.1351 

+0.0013 

9 

O. 1338 

5 





o' 1368 

+0.0030 

xo 

O.1338 

10 


20 

0.06 

IO 

0.1338 

=*=0.0000 

11 

0.1338 

10 


20 

0.10 

IO 

0.1337 

—0 0001 

12 

0.1338 

10 


20 

0.20 

XO 

0.1338 

**=0.0000 


even ten minutes 16 is designated. This was investigated by titrating: 
(1) with a time interval of twenty seconds, (2) of thirty seconds, (3) of 
ten minutes, using the solutions employed in Table I. In (1) and (2) 
vigorous stirring with a rather heavy glass rod accompanied the addition 
of the tin salt and continued until the end of the titration 

Tablk II. 

Series II.—Interval of Time Necessary Just Series III.—Effect of Speed of Titration. 


before Titration. 

I cc. 

KMn 0 4 » 

i cc. KMn 0 4 

* 

0.004836 g. Fe. 20 

0.004386 g. Fe. 

20 cc. FeS 0 4 (** 0.13 

cc. FeCl s « (- 

O.I7I7 8- 

Fe) 10 cc. 

8 - 

Fe) + to cc. HC1 + 10 cc. HgCl s + 

HC 1 taken. 




20 

cc. Mn sol. No. 

, 1 taken. 







Cc. 

Time 

Wt. of Fe 

Cc. Mn aoln. 

Time. 

Wt. Fe found. 

No. 

SnCfa. 

interval. 

found. 

No. 1. , Min. 

Sec. 

G. 

I 

O .06 

20 sec. 

0.1338 

20 

2 

30 

O.1717 

3 

0.10 

20 sec. 

0.1340 

20 


45 

0.1718 

3 

0.10 

30 sec. 

0.1338 

5 

2 

30 

0.1717 

4 

0.10 

30 sec. 

0.1338 

5 


45 

O.1732 

5 

0.10 

10 min. 

^■ T 33° 

3 

2 


O.X719 

6 

* o.xo 

xo min. 

0.1340 

3 


45 

O 1739 





2 

2 

30 

O.X739 





2 

I 

45 

0.1727 





2 

I 

10 

0 1732 





2 


45 

0.1739 





2 


10 

0.1755 


These results show that only a short interval of time is necessary be¬ 
tween the addition of stannous chloride and mercuric chloride, if the solu¬ 
tion is thoroughly agitated. 

1 This is the aver a ge value obtained by cheeking the solution against electrolytic 
iron. Sodium oxalate and ferrous ammonium sulfate. All the per m a n ganate solutions 
used hi this investigation were standardized in a similar manner. 

1 This solution contained xo cc. HC1 (x.a) per liter. 
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Speed of Titration. 

Many series of analyses have been made in which the influence of the 
speed of titration was closely watched. In this study the permanganate 
was added at as nearly a uniform rate as possible until the end point was 
closely approached and then the titration was finished more slowly. The 
solutions were stirred vigorously during the entire titration to give uni¬ 
formity of mixing. Series III is typical of the results obtained. 

Another of the several series of analyses was performed using ferrous 
sulfate as the standard iron solution with analogous results. 

The results of Series III seem to justify the conclusion that, if the action 
of the hydrochloric acid has been offset by a sufficient excess of the pre¬ 
ventive, no difference enters except the difference in buret drainage. 
(See also Series I.) However, if the amount of preventive just sufficient 
for a good result with considerable hydrochloric acid present in a slow 
titration be used under the same conditions, except in a faster titration, 
then more permanganate is required. This confirms the work of Friend. 24 

In the work outlined in the following pages the solutions were stirred 
thoroughly and the buret allowed to give a uniform flow of permanganate 
until the end point was nearly approached, then the titration was finished 
more slowly, as indicated above. About i cc. for each 2 seconds was the 
rate adopted as a convenient basis for comparison of results. 

Effect of HgCl in Suspension. 

In a large number of titrations, in which an amount of preventive 
insufficient to stop the action of hydrochloric acid on the permanganate 
was used, a partial or complete disappearance of the calomel was noticed. 
This suggested the action of chlorine or hypochlorous acid on the mer¬ 
curous chloride, thus reducing the concentration of active oxidizing agent 
in solution and correspondingly lowering the speed of oxidation of ferrous 
iron, hence requiring more permanganate to complete the reaction. To 
test this, measured portions of standard ferric chloride solution were 
acidified with 10 cc. of hydrochloric acid (sp. gr. 1.10), heated, reduced 
with stannous chloride as usual, and diluted; mercuric chloride was added 
and the calomel filtered out. To the filtrates were added varying amounts 
of stannous chloride (40 g. per liter) and the titration was finished as 
before indicated. No preventive was used in this series. Meineke 11 
likewise, calls attention to the influence of calomel on the titration. 

Alltthe end points were indefinite, becoming more so as the quantity of 
calomel increased. The first semi-permanent tinge throughout the solu¬ 
tion was taken as the end point. These results show that when the 
hydrochloric acid is allowed to interfere in titration the amount of inter¬ 
ference Is somewhat proportional to the concentration of calomel i^ $xs- 
pension. 
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Table III 

Senes IV —Effect of Suspended Calomel 


Expt. No 

Wt ofFe 
taken 

Cc HC1 

a Hgci 

Excess of SnCla 
Cc 

Wt of Ke 
found 

1 

O 1930 

10 

20 

I 

0 2039 

2 , 

O 1930 

10 

20 

I 

0 2035 

3 

O 1930 

](> 

20 

2 

0 2075 

4 

0 1930 

in 

20 

l 

0 2101 

5 

O 1930 

10 

20 

\ 

0 2105 

6 

O 1930 

10 

20 

5 

O 2149 


Quantity of Manganese Solution Required. 

A senes of analyses was made by reducing measured portions of a feme 
chloride solution, adding the other reagents as in Series III, but using 
varying quantities of the manganous sulfate solution mixture Another 
series was made keeping the manganous sulfate solution constant In 
each determination one drop of stannous chloride was added in excess 
and the resulting calomel left in suspension 


Table IV 

Senes V —Quantity of Manganese Sulfate Soln Required 


I CC 

of KMnCh = 0 004887 g Fe 20 cc of FcCl s ( =0 2290 g Ft) f* 10 tc HgCL taken 

Cc man* Cc man 

ganese Wt eanese V\ t 

Cc 

soln 

of Fe 


Cc 

soln 

of Fe 

HC 1 

No 1 

found 

Commt tic 1 

HCl 

No 1 

found ( ouiraents 

5 


0 2346 

Knd point unstable 

10 

20 

O 2292 

* 5 

I 

O 2331 

End point unstable 

IS 

20 

0 2290 

5 

2 

O 2314 

End point unstable 

20 

20 

O 2292 

5 

3 

0 2302 

End point more stable 

25 

20 

0 2290 

5 

4 

0 2299 

Endpoint more stable 


20 

0 2292 

5 

5 

O 2299 

End point more stable 

3 S 

20 

0 *2Q2 

5 

6 

O 2290 

End point good 

t<> 

20 

2299 Fartol llgCl dissolved 

5 

6 

O 2287 

End point good 


20 

2p6 Part of HgCl dissolved 

5 

10 

0 2287 

End poun good 

55 

20 

> 2316 Part of HgCl dissolved 

5 

30 

O 2290 

End point good 

60 

40 

> 2297 Part of HgCl dissolved 

3 

20 

O 2290 


75 

40 

0 2302 Part of HgCl dissolved 

5 

20 

O 2290 


75 

120 

QC -u 

C C 

0 2302 Part of HgCl dissolved 
0 2321 All of HgCl dissolved 


The lower limit of accuracy under the conditions obtaining is seen to be 
6 ce. of manganese solution mixture for five cc. of hydrochloric acid added 
to the other chlorides present. This amount would probably be somewhat 
different for varying quantities of ferric chloride and slightly varying with 
different individuals because of differences in manipulation. 

Manganese Solutions with and without Phosphoric Acid. 

A manganese sulfate solution containing 160 g. of crystallized salt in 
2400 cc. was prepared and used in the following senes (This solution is 
designated “manganese solution No. 2 **) 
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Tabusl V 

Series VI,—Use of H1PO4 and H*S0 4 with MnS0 4 . 

1 cc KM11O4 * 0004847 g. Fe 20 cc FeCl* (* o 2101 g. Fe, Experiments i-i^ in¬ 
clusive) and 20 ec FeCl* (» o 2310 g Fe, Experiments 16-28 in¬ 
clusive) + to cc HC1 4- 10 cc. HgCU taken 


Cc. man¬ 
ganese 

Bxpt sofa Cc Cc. 

No No 2. IfcSOi H 1 PO 4 

Wt 
of Fe 
found 

Devi*- : 
tlon 

Bxpt. 

No. 

Cc man¬ 
ganese 
soln 
No 2 

Cc 

H 1 SO 4 

Cc 

H*K>4 

Wt 

of Fe Devia- 

f ou ad tion 

I 

1 


O 2201 

+0 0100 

16 


12 


O 2375 4-0 0065 

2 

2 


O 2205 

4-o 0104 

17 


12 


0 2382 4-o 0072 

3 

3 


O 2167 

+0 0066 

18 



12 

0 2363 4-0 0053 

4 

6 


O 2133 

-ho 0032 

19 



12 

0 2375 4-o 0074 

5 

xo 


O 2133 

4-o 0032 

20 

25 



0 2322 4*0 0012 

6 

15 


0 2128 

-fo 0027 

21 

25 


IO 

0 2307 —0 0003 

7 

25 


0 2118 

H-o 0017 

22 

25 


IO 

0 2307 —© 0003 

8 

50 


O 2101 

-ho 0000 

23 

25 



0 2322 -ro 0012 

9 

50 


O 

K> 

4 

4-o 0003 

24 

25 


5 

0 2310 -ho 0000 

10 

35 

12 

0 2101 

4-o 0000 

25 

25 

5 


0 2312 -ho 0002 

XI 

15 

8 

0 2104 

4o 0003 

26 

25 

5 


0 2312 4-o 0002 

12 

10 

5 

0 2133 

4-o 0032 

37 

25 

5 


0 2310 4-0 0000 

13 

10 

IS 

0 2121 

-ho 0020 

28 

25 


5 

0 2310 4-0 0000 

14 

10 

30 

0 2106 

4o 0005 






*5 

IO 

So 

0 2123 

+0 0022 







This senes shows (1) that manganese sulfate without sulfuric or phos¬ 
phoric acid will prevent the effect of hydrochloric acid on the permanganate, 
(2) that a less amount of manganese sulfate is required when it is accom-, 
pamed by sulfuric or phosphonc acids, and (3) that sulfuric and phosphonc 
acids can be used interchangeably. 

On account of the fact shown m Senes V, that the phosphoric and sulfuric 
adds could be used interchangeably, it seemed worth while to make a 
solution of manganese sulfate in sulfuric acid and test its prevention. 
Consequently a solution was prepared containing 70 g. of crystallized 
salt and 300 cc. of sulfunc add (sp. gr. 1.84) per liter. (This solution is 
designated “manganese solution No. 3.”) 

These results show that the use of phosphoric add is merely a matter 
of preference. Except m the cases where 40 cc. of hydrochloric add was 
present, one solution seemed to be as good as another; however, in the 
latter case, what difference does exist is in favor of the phosphoric add. 
Of course, no such volumes of hydrochloric add are used in the analysis 
of iron ores, making this point of less consequence. 

A series of analyses was made using manganese chloride solution as 
preventive, thus eliminating sulfates and phosphates entirely. While the 
end points were obscure on account of color of the solution, nevertheless 
comparatively good results were obtained, showing good prevention. 
In this series (VIII) the following solutions were used: A ferrous chloride 
solution made by dissolving approximately 25 g. of the crystallized salt 
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Table VI 

Series VII.—Titration without H,P0 4 


1 cc. KM»0« ■ 

0.004396 Fe. 20 cc FeCL («■ 

02092 g 

Fe) 4 10 cc HgCla taken. 


cc. Ha. 

Cc. maagaasse 
soln. No. 3. 

Wt. of Fe 
found. 

Comments 

1 

• 5 

I 

0 2123 


2 

5 

2 

0 2112 


3 

5 

3 

O 2105 


4 

5 

4 

0 2098 


5 

5 

5 

0 2101 

(Rather heavy HgCl) 

6 

5 

6 

0 2098 


7 

5 

6 

0 2096 


8 

5 

6 

0 2096 


9 

5 

7 

0 2092 


10 

5 

8 

0 2092 


XX 

xo 

5 

0 2105 


12 

10 

10 

0 2092 

(Light HgCl) 

13 

10 

10 

0 2101 

(Rathei bea\ y HgCl) 

H 

10 

15 

0 2 092 


15 

10 

15 cc manganese soln No I 

0 2092 


16 

10 

25 

0 2090 


17 

20 

20 

0 2090 


18 

20 

20 

0 2092 


19 

20 

20 cc manganese soln No I 

0 209? 


20 

40 


0 2180 


21 

40 

20 

0 2096 

Very slow titration 

22 

40 

20 cc manganese soln No 1 

0 2096 

Very slow titration 


in a liter of water containing 10 cc. of hydrochloric acid (sp. gr. 1.2); a 
manganese chloride solution containing 75 g. of crystallized salt and 20 cc. 
of hydrochloric acid (sp. gr. 1.2) per liter; hydrochloric acid, sp gr. 1.1. 
All the titrations were performed somewhat slower than usual, about 
two minutes being required for each titration. 

Table VII. 

Series VIII.—Manganese Chloride as Preventive 
1 cc. KMnO« “ o 004836 g Pe 20 cc FeCli (« 0.1717 g. Fe) + 5 cc HC1 taken 


Cc. 

Cc nungineae 
sola No 1 

Wt ofFe 

Cc 

Cc. manganese 
soln. No 1 

Wt. of Fe 

Mach. 

found. 

MnCh 

foitod 


20 

O.1717 

IO 

' 

O 1722 

. 

20 

0.1717 

12 


O 1722 



0.1755 

16 


O.1724 

1 


0 1745 

20 


O 1722 

2 

. . 

0.1743 

25 


O 1722 

3 


O.X740 

50 


O 1719 

4 

, 

0.1740 

50 


0.1719 

3 

. . 

0.1732 

50 


0.1722 

6 


0.*734 

too 


O 1722 

1 

. . 

0.1729 

IOO 


0.17*9 

S 

*. 

0.173a 

200 

. . 

O.I7I9 
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Application of Other “Preventives.” 

The role which manganese salts play in preventing the action of hydro¬ 
chloric acid on the permanganate in titration seemed to warrant a study 
of other substances to ascertain their action toward prevention. 

The first class of substances tried were neutral salts. Skrabal 1 * has 
studied the influence of the addition of varying amounts of normal neutral 
salt solutions in the titration of iron, arriving at the conclusion that these 
salts do not produce correct results. In this work much stronger solutions 
are employed, which accounts for somewhat different results. Sodium 
silicate, borate and tetraborate give some prevention, but the adjustment 
between the amount of salt and acid to be used was too difficult to give 
any merit to the procedure. If too much silicate is used the ferrous iron 
precipitates and if too much sulfuric acid is added the end point is indis¬ 
tinct, overtitration resulting. Sodium sulfate, when used in large enough 
amounts, gives a good titration. Potassium sulfate is not as effective, 
probably because of its limited solubility in water. Ammonium sulfate 
also prevents moderately well with low concentrations of hydrochloric 
acid and high concentrations of the ammonium salt, but is not as satis¬ 
factory as the former two. These observances are in contradiction to 
the work of Birch, 23 who says that sodium sulfate and magnesium sulfate 
do not prevent, and that ammonium sulfate is worse than worthless. 

Table VIII 

Senes IX—NajSO* io H 2 G (250 g in Liter) Senes X—KjSCh as Preventive ice 

as Preventive 1 ec KMnO* * KMn 0 4 * 0004887 g Pe 20 cc 

0004887 g Fe 20 cc FeCh (* o 1930 FeCU (*» 02290 g Fe) ■+■ 10 cc HgCla 

g Fe) *+■ 10 cc HgCh taken taken. 


Expt 

Cc 

Cc 

Wt 

of Fe 

Expt 

Cc 

Cc 

Cc 

Wt o|Fe 

No 

HC1 

Na«SO< 

found 

No 

HC1 

HgCls 

KtSOt 

found 

I 

25 

IOO 

O 

1961 

I 

5 

ro 

50 

O 2297 

2 

25 

200 

0 

1961 

2 

5 

10 

50 

O 2297 

3 

25 

200 

O 

1956 

3 

IO 

10 

50 

0 2312 

4 

25 

300 

O 

1937 

4 ' 

15 

10 

50 

O 2331 

5 

25 

400 

0 

1930 

5 

10 

10 

IOO 

O 2299 

6 

25 

400 

O 

1930 

6 

15 

10 

100 

O 2301 

7 

25 

400 

O 

1930 

7 

20 

10 

100 

0 2326 

8 

5 

20 cc Mn 



8 

25 

10 

200 

0.2306 



soin No 1 

O 

1930 

9 

25 

10 

200 

O 2304 






10 

5 

IO 

20 cc Mn 



soin No 1 o 2290 

Another series of results was obtained preceding this series, in which 
was use$ a supersaturated solution of sodium sulfate of about twice the 
strength of the one here employed. A correspondingly less volume of 
the sulfate solution was necessary for prevention. 

In Series X are tabulated the results obtained using a saturated solution 
of potassium sulfate and from these results it is evident that potassium 
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ftte sohiticms do not contain sufficient alkali sulfate for good pre 
%E«ntive purposes. 

*Cady and Ruediger 9 have published a method using mercuric sulfate as 
reagent to stop the influence of hydrochloric acid. To study the action 
of this reagent, 300 g. of mercuric sulfate was dissolved in 1400 cc. of water 
containing 125 cc. of sulfuric acid (sp. gr. 1 84) and the solution applied 
in Series XI. 

Table IX 

Series XI —Mucurie hultate as Pieventive 
1 cc KMnCh = 0004887 g Fe 20 cc FeCh (= 02150 g Fe) p 5 cc HC1 taken 


t 


Cc manganese 

Wt of Ft 


Bxpt. No 

Cc. HgCU 

Cc HgSO« woln No 1 

found 


I 

10 

IO 

() JIlS 


2 


IO 

0 2167 

Indefinite 

3 


IS 

O 2155 


4 

10 

fco 

O 2167 

Indefinite 

5 

10 

25 

0 2150 


6 


25 

O 2150 


7 


25 

0 2155 


8 


3 S 

0 2228 

Very indefinite 

9 

10 

V> 

0 2297 

Very indefinite* 

10 

10 

SO 

O 2297 

Vt ry indefinite 

IT 

10 

.20 

O 2150 



Results 1 to 4, inclusive, show incomplete prevention due to an insuffi¬ 
cient quantity of mercuric sulfate. Experiments 5 and 6 were satisfactory. 
The results obtained in Experiments 8 to 10, inclusive, were decidedly high, 

Table X 

Series XII —Potassium and Sodium Acid Sulfates as Preventives 
1 cc KMnO« *■= 0004887 g Fe 20 cc FeCla (= o 1596 g Fe) -f 10 u HgCL taken 
KHSO4 « saturated solution 


1 

* 

d 

a 

1 

i 

« 

M 

£ v 

*§ 


5? 

ft. 

V 8 

w 3 

g 

m 

M 

*f 

I 

0 

U 

0 

O 

0 

O 

S* 


w 

u 3 

3 


1 

5 



0 1671 

HeCl disappeared 

15 

20 

ISO 

0 1618 

2 

5 

25 


0 1618 


16 

20 

17 S 

0 1628 

3 

5 


25 

0 1603 


17 

20 

200 

0 1637 

4 

S 


25 

0 1603 


18 

20 

500 

0 1630 

5 

5 


50 

0 1598 


19 

$ 

IOO 

0 1596 

6 

5 


50 

0 1596 


20 

5 

100 

0 1598 

7 

5 

25 

50 

0 16:3 


NaHSO< = 

500 g per litei 


8 

3 

30 

50 

0 1637 


1 

5 

25 

0 1598 

9 

IO 


25 

0 1681 

HgCl disappeared 

2 

10 

25 

0 1613 

IO 

10 


50 

0 1600 


3 

10 

so 

0 1603 

11 

*5 


50 

0 1623 


4 

15 

so 

0 1625 

12 

*5 


75 

0.1600 


5 

15 

75 

0 1620 

13 

20 


100 

0 1613 


6 

J 5 

100 

0 1623 

*4 

20 


125 

0 1618 


7 

5 

20 cc Mn 










9oln No. 1 

0.1596 
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due apparently to the transposition of mercurous chloride to mercurous 
sulfate by the mercuric sulfate* This point is mentioned in Cady and 
Ruediger’s 9 original paper* The difficulty of adjustment of the quantity 
of mercuric sulfate to the other variables of an iron determination reduces 
the value of such a reagent as mercuric sulfate. 

Sodium add sulfate and potassium add sulfate prevent quite well when 
the quantity of hydrochloric add to be counteracted is small. With 
larger amounts of hydrochloric add or in the presence of sulfuric acid 
with the smaller quantities of hydrochloric add, results are not as good. 

Experiments 5 and 6 indicate that about 50 cc. of 50% potassium add 
sulfate solution is necessary to stop the detrimental influence of 5 cc. of 
hydrochloric add. Experiments 7 and 8 show higher titration results 
with -sulfuric add than without it. Numbers 19 and 20 indicate that an 
excess of the potassium add sulfate does not give a higher value if the 

Table XI. 

Series XIII.—Magnesium and Zinc Sulfates as Preventives. 

1 cc. KMn0 4 «* 0.004847 g. Fe. 20 cc. FeCla (* 0.2283 8- Fe) •+■ 10 cc HgCb taken. 

MgSO< solution * MgSO^HjO — 500 g. per liter. 


Bxpt. No. 

Cc. Ha. Cc. MgSO«. 0 . Fe found. 


1 

5 


O.2283 

20 cc. Mn soln. No. i added 

2 

5 

50 

O.2283 


3 

5 

50 

0.2285 


4 

10 

50 

0.2293 

HgCl partially disappears 

5 

IO 

IOO 

0.2297 


6 

10 

150 

0.2293 

HgCl partially disappears 

7 

10 

200 

0.2293 

HgCl partially disappears 

8 

15 

50 

O.2297 

HgCl partially disappears 

9 

20 

50 

O.2327 

HgCl partially disappears 

xo 

25 

50 

O.2346 

HgCl partially disappears 

11 

10 


O.2366 

HgCl disappears entirely 

1 cc. KMn0 4 

* 0.005309 g. Fe. 

20 cc. FeCl* (* 0.2283 g. Fe) + 10 cc. HgCl* taken. 



ZnS0 4 soln. 

« 500 g. ZnS0 4 .7HjO per liter. 

1 

5 


< 0.2283 

20 cc. Mn soln. No. 1 added 

2 

5 

.. 

0.2378 


3 • 

5 

20 

0.2296 


4 

5 

25 

0.2293 


S 

5 

50 

0.2293 


6 

S 

100 

0.2293 


7 

5 

200 

0.2291 


8 

25 

IOO 

0.2325 

HgCl disappears 

9 

23 

200 

0.2304 

HgCl partially disappears 

10 

10 

50 

» 0.2293 


il* 

15 

50 

0.2309 


12 

*5 

IOO 

0.2393 


*3 

20 

125 

0.2309 


*4 

20 

200 

0.2309 


*3 * 

20 

250 

0.2291 
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■mount of hydrochloric acid remains the same. However, in numbers 13 
^to x8 inclusive, in which the amount of add was 20 cc., the potassium 
bistllfate gave a progressively higher titration as its concentration was 
increased. Sodium add sulfate showed somewhat the same kind of 
deportment. These add sulfates while possessing preventive powers do 
not have this quality to a sufficient degree to make them suitable for an 
accurate titration of iron. 

Magnesium sulfate and zinc sulfate produce decided effects in checking 
the influence of hydrochloric acid, the former being more efficient than the 
lattfcr. 

Scrutiny of Table XI shows good results in only two cases when mag- 
nesium sulfate was used, e. g., Experiments 2 and 3, in which only 5 cc. of 
hydrochloric add was added. In the zme sulfate series all the results 
were too high. Almost identical volumes of permanganate were required 
for 5 cc. of hydrochloric acid within a range of 25 to 200 cc. of the srij 
sulfate solution. A somewhat analogous set of figures was obtained 
10 cc. of hydrochloric acid within a range of 50 to 200 cc. of the magnd 
sulfate. These results show a tendency toward prevention, which, nev 
theless is not sufficient for practical application in titrating iron 

Chromium and ferric sulfates were found to have no value as preventivjjp 
of the high results due to the action of hydrochloric acid »n peimanganate. 
High concentrations of chromium were naturally impossible on account 
of the color imparted to the solution. 


Table XII. 

Senes XIV —Potassium Phosphate Mixtures as Preventnes. 
KsPO* solution *= «>oo g K*PG 4 per liter 
20 cc FeCl* «* 02031 g Fe + 10 cc HgCU taken 
1 cc KMn 0 4 = o 004887 g Fe 


Bxpt Cc 
No HCl 

Cc. Cc 

Cc Wt. of Fe 

Expt 

Cc 

Cc 

Cc 

Cc Wt ofFe 

H.PO 4 . K.PO*. 

HtSO* found 

No 

HCl 

H»P04 

K 4 PO 4 . 

HtSOt found 

* 5 


O 2031 1 

13 

5 

30 

IO 

O 2033 

* 5 

. . 

O 2028 1 

14 

5 

30 

IO 

O 1891 s 

3 5 


0 20U 

15 

10 

30 

10 

O 2031 

4 5 


0 2055 

16 

5 

30 

20 

0 2004 

5 10 


O 2160* 

*7 

25 

30 

IO 

0 2072 

6 25 


O 2189* 

18 

25 

So 

20 

- O 2051 

7 50 


O 2180* 

19 

25 ' 

50 

30 

0 2009 

« 3 

IO 

30 O 1906* 

20 

25 

75 

30 

O 2026 

9 5 

JO 

30 O 20 48 

21 

25 

100 

30 

O 2031 

5 

JO 

30 O I$99* 

22 

25 

200 

30 

O 20 U 

** 5 

to 

30 O 2053 

23 

25 

200 


0.206$ 

« 3 

0 

0 

O 2031 

n 

5 



0.2031 




35 

5 



0 2033 

1 30 cc. manganese soln. No. 1 added 
* HgCl dissolved almost completely 






•Added K*P0 4 before the add (H»PO« 

or H1SO4) 4 * so cc manganese soln No 1 


added. 
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Mixtures of tri-potassium or disodium phosphate and phosphoric acid 
Ware found to produce excellent prevention. 

Experiments i, 2, 3, 24, 25 are titrations with “maaganesp sulfate 
solution No. 1.” Experiments 8, 10, 14, show the influence of adding the 
alkaline phosphate before the acid. In all likelihood some of the iron is 
precipitated as ferrous phosphate in these cases, yielding low results. 
Experiments 16, 19, 20, indicate an insufficiency of acid to keep the ferrous 
phosphate from forming. Experiments 12, 13, 15, 21, 22, show that when 
the proper adjustment of phosphoric acid and potassium phosphate is 
obtained correct results follow. A proportion of not less than three vol¬ 
umes of i“i phosphoric acid to 1 volume of 50% K3PO4 gives the best 
results. A solution containing 500 g. of tripotassium phosphate (or its 
equivalent in dipotassium phosphate) and 1500 cc. of phosphoric add 
(sp. gr. 1.7) diluted to two liters can be used instead of the separate re 
^Agents. Twenty cc. of this solution will stop the action of 5 cc. and 60 cc. 
suffice for 25 cc. of hydrochloric add (sp. gr. 1.10). 

Series XIII a saturated solution of NaaHPCh.^KUO was employed. 

Table XIII. 

Senes XV Di&odium Phosphate Mixtures as Preventives £ 

20 cc FeCU * o 2280 g Fe + io cc HgCla taken I 

1 cc KMnCh » o 004887 g Fe 


B*pt. 

Cc 

Cc 

Cc 

Wt of Pe Bxot 

Cc 

Cc 

Cc 

Wt 0 ''f 

No 

HC 1 

NaaHPfk 

H*PO< 

found 

No 

HC 1 

NaiHPO* 

HjPO* 

"fil 

I 

5 

50 

100 

0 2280 

8 

50 

50 

IOO 

°jf 2 

2 

10 

50 

100 

0 2280 

9 

60 

50 

IOO 

0 >2 

3 

15 

50 

100 

O 2284 

10 

IOO 

50 

IOO 

0 9* 1 

4 

20 

50 

100 

O 2282 

11 

5 

5 

10 

c 287 

5 

25 

50 

100 

0 2280 

12 

5 

10 

20 

12280 

6 

30 

50 

TOO 

0 2280 

11 

S 

20 

40 

u 2278 

7 

15 

5" 

IOO 

O 2282 

14 

5 

20 CC 

manganese 

0 2280 


soln No. x 


This series shows excellent prevention, even 35 cc. of hydrochloric * i 
being taken care of nicely, and 50-100 cc. did not produce an error such as 
one might antidpate. 

The phosphoric acid and sodium phosphate may be combined into one 
solution by preparing as follows: Solution of 500 g. of disodium phos¬ 
phate in 1000 cc. of phosphoric add and 500 cc. of water then dilution to 
2000 cc. Thirty cc. is a suffident quantity for 10 cc. and 100 cc. are 
enough to offset the action of 25 cc. of hydrochloric acid. 

Cerium sulfate gives excellent prevention of the hydrochloric add inter¬ 
ference. In {pet it works as effectively as manganous sulfate when its 
efficiency is measured on the basis of gram equivalents. 20 g. of Cet- 
(SOOi SHaO were dissolved in 250 cc. 6 f water to be used in the following 
series: 

1 End point u&tahle 



PERMANGANATE DETERMINATION OP “IRON IN CHLORIDES. 1441 


Table XIV 

Series XVI. —Cerium Sulfate as Series XVII.—Cerium Sulfate Mixture 1 as Pre- 
Preventive. 20 cc. PeCL (* vcntive. 20 ec. FeCL (* 0.1571 g.Fe) + 10 cc. 

1 0.2291 g. FeCb) + 10 cc. HgCU HgClj taken 1 cc. KMnO* « 0.004887 g. Fe 

taken. 1 cc. KMnO< « 

0.004887 g. Fe. 1 


sc- 

Cc. 

Cei(S 04 )« 

Wt ofFe 

Bxpt. 

Cc 

Cd( 80 4 )i 
cota) Cc 

Wt 6 fPe 


HC 1 . 

cola. Cc 

found 

No. 

HC 1 

found. 

Comments. 

I 

5 

IO 

O 2309 

I 

5 

4 

0 1583 


2 

5 

20 

O 2291 

2 

5 

10 

O 1570 

Slow titration 

3 

5 

20 

O 2293 

3 

5 

IO 

n 1579 

Rapid titration 

4 

5 

20 

O 2293 

4 

5 

15 

0 1572 

Rapid titration 

5 

10 

20 

O 2299 

5 

5 

25 

0 1572 

Rapid titration 

6 

7 

20 

O 2293 

6 

10 

20 

0 1574 

Slow titration 

7 

5 

25 

O 2293 

7 

20 

20 

0 1614 

Rapid titration 

8 

5 

35 

O 2288 

8 

20 

35 

0 1572 






9 

5 

20 cc Mn 

0 1571 


9 

5 

50 

0 2288 


» 

‘soln. No. 1 



10 

5 

20 cc. 









Mn soln. 



, 





No 1 

O 2291 







Thus it is to be seen that Ce 2 (SC>4)s is very effective in stopping the 
detrimental nature of hydrochloric acid on permanganate, its value being 
commensurate with MnS0 4 . 

Theoretical. 

A number of explanations have been offered to explain the function of 
manganese salts in the iron titration with permanganate. Volhard 86 
explains the action by assuming the formation of tetravalent manganese 
(MnOj) which then oxidizes the ferrous iron more rapidly than it does 
hydrochloric acid. Wagner 49 assumes the intermediate formation of 
FeClj.2HCl in the absence o§\ manganese sulfate, which oxidizes very 
rapidly, consuming more permanganate than is required for ferrous iron. 
Zimmerman 6 suggested that, in absence of manganese salts, the iron is 
converted into a peroxide which is unstable and at once forms ferric iron 
and oxygen, the latter acting upon the hydrochloric acid. Manchot 80 
explains the action by assuming the formation of “primary oxides'’ of 
the peroxide nature, but which tend to revert immediately to oxides of a 
lower state of oxidation. According to this theory oxidation caused by 
oxygen forms FeCV, by permanganate, chromic acid, hydrogen peroxide, 
etc., Fe*0*; and with hypochlorous acid, FeOa. Hence the reaction is 
assumed to go somewhat as follows: Oxygen forms FeOi, FeOj oxidizes 
FtO to Fe*Oj, MxuO? oxidizes FeO to Fe*Q$ with the formation of MnOa, 
the MnO* then oxidizes FeO to Fe 2 0 8 . If the hydrochloric acid is too 

1 A solution of mixed earth sulfates when analyzed was found to contain 6$ g 
CeK90i)f.8Hi0 4* aoo ee. H*SO* per liter. This Solution was used as was the fcerium 
stsKate of the preceding series. * 



strong then the FeiQ* reacts with the HQ, liberating chlorine. Birch” 
suggests the formation of MnClt, which In turn has a greater tendency to 
oridiae ferrous iron than hydrochloric add. This last assumption seems 
to warrant a snore general consideration than has been accorded to it. 
W|iile hydrated manganese peroxide can be assumed fe> exist for a brief 
space of time in the hydrosol condition, yet MnCU has not been definitely 
proven to exist in such a solution. The same argument can be applied to 
a theory requiring assumptions of FeOj, FeO«, Fe*Os. 

Pickering” has shown that when manganese dioxide is treated with 
hydrochloric add manganese sesquichloride results. A number of other 
authors have studied the formation of trivalent manganese in solution, 
especially sulfuric, hydrochloric, hydrofluoric, and phosphoric adds and 
alkaline cyanides, a number of trivalent salts and double salts being sep¬ 
arated from such solutions. (See references under heading, * Theoretical/*) 
Meyer” has recently pointed out the definiteness of these compounds in 
add solutions and also shows that even when potassium manganicyanide 
hydrolyzes a trivalent manganihydroxide results. Schilow * 1 has explained 
the reaction of potassium permanganate with oxalic add on the basis of 
the intermediate formation of trivalent manganese. Skrabal” outlines 
the oxalic add oxidation and also that of manganese in alkaline solution 
through the formation of manganese of the valence of three. Muller and 
Koppe” point out an error in the titration of manganese by the perman¬ 
ganate method in the presence of fluorides due to the formation of MnF* 
and aKF.MnF*. 

When potassium permanganate is added to a manganese solution jjCon- 
taining an excess of phosphoric add a deep red to violet coloration i* ob¬ 
tained; when added to a manganese solution with hydrochloric add in 
excess a greenish brown to black solution results; when added to a pan- 
ganese sulfate solution in the presence of an excess of sulfuric add g»|dcep 
red to purple color is imparted to the solution. Solutions of this, nature 
contain manganese sesquisalts. The possibility of tetravalent manganese 
being present at ordinary temperatures in significant quantity is appar¬ 
ently quite remote. While very small amounts may be present, practiqally 
all attempts to prepare salts in which manganese has the valence of four 
from such solutions have been negative—only trivalent salts crystallimag 
from them. More confirmation seems to be necessary to establish £he 
existence of tetravalent manganese in even small quantity in these add 
solutions* However, if tetravalent manganese is present the mftcbaiusm 
of the reaction, to be later described would partially be explained through 
medium of its formation and the fundamental idea of prevention of ^the 
chlorine or hypochlorous add formation remains the same. 

In the presen ce of hy d roc h loric add th ese manganes e aesquisalt soju^fons 
have a tendency to preserve the oxidation value of the solution; indtker 
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words, prevent the rapid loss of chlorine or hypochlorous acid. This 
preservation can be shown in open beakers qualitatively in a striking 
manner by adding 10 cc. of 0.1N permanganate to 50 cc. of 50% man¬ 
ganese sulfate solution containing 10 cc. of concentrated hydrochloric 
add and to jo cc* of water containing a like volume of the add. In a 
moderately short time the second solution loses its chlorine in sufficient 
quantity to become much lighter in color than the first and in a few hours 
becomes completely colorless, but the solution containing the manganese 
maintains its color for weeks. Two such solutions in duplicate were pre¬ 
pared August 15 at 9 a.m. Both gave a dedded odor of chlorine. At 
9 a.m., the following day, the two solutions containing the manganese 
were still brownish black, but the two without the manganese were practic¬ 
ally colorless. On September 5, the two containing the manganese were 
light brown and on November 18, the color still persisted and a few cc. 
of the solution gave an evolution of iodine when potassium iodide was 
added. Water was added from time to time to replace what was lost by 
evaporation. 

In the titration of iron in hydrochloric add solution it has been shown 
that manganous and cerous salts used in moderate amounts, and certain 
add phosphate and sodium sulfate solutions, prevent the loss of chlorine 
or hypochlorous add during titration and enable correct results to be ob¬ 
tained in the presence of hydrochloric add. Evidently the reactions of 
these preventives involve two different types of effects. One effect is 
transposition from chloride to salts of another add by the mass action 
of the preventive. The other effect is the formation of an intermediate 
compound or compounds which have the capacity to oxidize the ferrous 
iron, preventing the loss of chlorine. In a preventive one of the other 
effect may be in predominance. In the case of sodium sulfate the first 
effect is the larger, but some manganese is in solution due to the products 
of reaction and must exert some influence. In the case of manganese 
sulfate and sulfuric add we have both effects with the second the larger, 
a mixture of sesquichloride and sulfate being produced as intermediate 
products. When manganese sulfate, phosphoric add and sulfuric add 
are employed, the opportunity for a huger number of sesquisalts to be 
formed is increased correspondingly, with the same effect as that pro¬ 
duced by the more simple mixtures. With manganese chloride as pre¬ 
ventive, the intermediate sesquimanganese chloride gives the only effect 
toward prevention. In these cases the reactions may be represented by 
the following equations: 

(1) (In part), zKMn0 4 + ioFeCl* + 16HCI - 2KCI + zMnCl, + 
ioFeCU + 8HfO 

(2) (In part), iKMnO* + $FeCl, + 16HCI - aKCl + Mn 8 CU + 

8FeCli + 8H|0 



*444 


O. L" BAJLNBS^Y. 


(3) MmCla aM*CU + Cl* 

(4) Cl* + Fed. m FeCl, (slow) 

(5) MotCU + 2FcCl* » 2FeCli + 2M11CI* (more rapid tha n 4) 

The permanganate oxidizes a considerable portion of the iron according 
to equation (x). However, some Mn*Cl* is formed, equation (2). This 
sesqnichioride is unstable and has a tendency to decompose, liberating 
chlorine (3)* The smaller the amount of manganese present the more 
rapid is this decomposition; the larger the amount of manganese the 
greater the tendency to retard the evolution of chlorine. The chlorine 
oxidizes the ferrous iron slowly (4). Manganese sesquichloride oxidises 
ferrous iron much more rapidly than does free chlorine (5). Hence, if 
the reaction represented by equation three is forced to proceed toward the 
left by the addition of manganese chloride, preserving the initial character 
of the MnsCh, the loss of oxidation effect due to chlorine evolution may be 
prevented and the final reaction follows the theoretical value (1). 

When the Reinhardt-Zinunerman, Mixer-DuBois, or other solution 
of similar nature is employed the first list of reactions takes place partially, 
but the larger portion of the reaction occurs through the medium of some 
other acid than hydrochloric—usually phosphoric or sulfuric. In case of 
sulfuric acid this portion of the reaction can be thus illustrated: 

(6) 2KMn0 4 + ioFeS0 4 + 8H2S0 4 « K*S 0 4 + 5Fe 2 (S0 4 )a + zMnSQ* 
+ 8 H *0 

(7) 2KMn0 4 + 8 FeS 0 4 4 - 8H,S04 - K 2 S 0 4 + 4 Fe 3 (S0 4 ), + Mm- 
(S 0 4 )* + 8 H ,0 

(8) Mn*(S 0 4 )8 -f 2FeS0 4 * 2MnS0 4 + Fe,(S0 4 ), 

When cerium sulfate is used for the prevention • 

/-_v i^(SO<), + 2Cej(SO.)s = 2Ce(SO.)s + 2MnSG 4 

K ) \2Ce(S0 4 ), + sFeSO. = Fe 2 (S 0 4 ), + Ce,(S 0 4 ), 

When phosphoric add is used the reaction probably occurs through tftfc 
medium of acid phosphates, involving corresponding changes of valence!. 

Analysis of Iron Ores with Various Preventives. 

A number of iron ores were analyzed using the Solutions heretofore 
described: (a) sodium sulfate, ( b ) potassium phosphate and phosphoric 
add, (c) sodium phosphate and phosphoric acid, (d) manganese sulfate 
and sulfuric add, (e) manganese sulfate, phosphoric and sulfuric adds, 
(f) cerium sulfate and sulfuric add. The sample in each case was de¬ 
composed by heating with about 10 cc. of concentrated hydrochloric add 
(sp. gr. 1.20) and sufficient stannous chloride solution to almost reduce all 
of the iron. After complete solution of the iron, the reduction was finished 
by adding stannous chloride drop by drop to the hot solution until one 
drop just made it colorless, then one drop was added in excess. After 
dilution to about goo cc., 10 cc. of mercuric chloride was added all at oope 
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with vigorous stirring. One of the preventives above noted was added 
and the iron titrated. The results from four representative ores are 
listed below. 

Table XV 

Series XV —Analyses ol Iron Ores with Various Preventives 

Preventative Preventative 


Ore 

No 

Sample 

No 

Wt of 
sample 

G 

Kind. 

Volume 

Cc 

% Fe 
found 

Ore 

No 

Sample 

N- 

Wt of 
mmple 

Kind 

Volume 

Cc 

\ F<* 
found 

20 

I 

O 5000 

a 

200 

65 9 * 

26 


) 7000 

a 

200 

3 5 <>() 

20 

I 

o 5000 

b 

30 

65 96 

26 


) 7 fxx> 

b 

3 ° 

55 71 

20 

I 

o 5000 

r 

30 

65 96 

26 


> 7<xx) 

( 

5 ° 

55 64 

20 

I 

o 5000 

d 

IS 

65 91 

26 


) 70m 

d 

20 

33 64 

20 

2 

o 5000 

d 

15 

66 07 

26 


) 7000 

e 

20 

35 r >4 

20 

I 

0 5000 

e 

15 

66 07 

* 26 


7000 

1 

3 <> 

36 68 

20 

2 

0 5000 

€ 

15 

65 96 

45 


> 8000 

a 

200 

53 80 

20 

I 

0 5000 

f 

25 

65 96 

45 


> 8000 

h 

25 

3 5 77 

20 

2 

0 5000 

f 

25 

65 98 

43 

2 

> 8000 

b 

2 5 

33 M 

21 

1 

0 4000 

a 

200 

57-44 

43 

3 

> 8000 

b 

25 

33 s 4 

21 

I 

0 4000 

b 

% 25 

57 44 

43 

1 

) 8000 

< 

3 f> 

35 81 

21 

2 

0 4000 

b 

25 

57 50 

43 

2 

) 8000 

c 

3 <> 

53 «6 

21 

I 

0 4000 

e 

25 

57 41 

43 

1 

i 8000 

d 

20 

53 81 

21 

1 

0 4000 

f 

30 

57 52 

45 

2 

1 Hixx) 

a 

20 

5 5 04 







45 

1 

8000 

c 

20 

33 85 







43 

2 

8 (xx) 

( 

20 

5 5 79 







43 

1 

8000 

f 

20 

33 «7 


Discussion of the End Point. 

The end point in the titration of iron is more stable in sulfuric and 
phosphoric than in hydrochloric acid solutions. In the last named the 
pink tinge imparted to the solution, showing a slight excess of perman¬ 
ganate, is more fleeting. While the addition of the preventives enunu rate d 
allows a correct iron analysis to be made within the range of error expected 
of such an analysis, nevertheless when the permanganate is added in ex¬ 
cess, as at the end of the titration, a fading effect becomes more or less 
marked. On this account an analyst accustomed to the iron titration in 
hydrochloric acid solution calls the first slight tinge of color permeating 
the entire solution the end point. The tinge is much lighter than the tint 
in sulfuric or phosphoric acid solutions free from hydrochloric acid. This 
difference is at least partially due to the difference in color of the sesqui 
chloride and sulfate and phosphate solutions. This variance in stability 
may account for some of the conflicting analyses heretofore published. 

The end point in the titration of ferrous to ferric sulfate in the presence 
of sulfuric acid and in the absence of hydrochloric acid is almost as clean 
cut in the ordinary iron analysis as in phosphoric acid solution. Analysts 
recognize this fact in the standardization of permanganate against ferrous 
awnonium sulfate and metallic iron, in which case the end point is much 
more clear than in the regular titration of iron ores in the presence of sus- 
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pended calomel even when phosphoric add is added. However, this 
much must be said, if phosphoric add is added by an analyst to give what 
to his eye seems to be a dearer end point in the analysis of the iron con¬ 
taining product, then the analyst who is having trouble with this color 
change must, to be consistent, add phosphoric add in standardization if 
he standardizes the permanganate against an iron containing standard. 

One gram of iron present as ferric sulfate with a little free sulfuric add 
in a volume of 400-500 cc. gives a recognizable color change with 0.04 cc. 
of tenth normal permanganate. Of course this coloration is not red or 
pink, but it is a distinct change of color. Twice the above amount of 
permanganate gives a very decided coloration. These observations were 
naturally made against a white background. A moderate amount of 
experience with the iron titration allows a very sharp end point with mod¬ 
erate amounts of iron (up to about 0.6 g. metal) without the presence of a 
decolorizing influence, however, when a large amount of iron (over 0.6 g. 
metal) is to be titrated the addition of phosphoric add is to be recom¬ 
mended, although, with care, larger amounts can be titrated with accuracy. 
With smaller amounts the addition of the phosphoric add is optional 
with the analyst. Since ordinarily the amount of iron present in the solu¬ 
tion being titrated is about 0.3 g. or less it seems to the author that the 
use of a decolorizer is unnecessary. 

Summary. 

(1) Correct results are obtained with a mixture of manganese sulfate, 
sulfuric acid and phosphoric add for the prevention of the action of hydro¬ 
chloric add on permanganate. The use of phosphoric add in the presence 
of considerable sulfuric add in a volume of 400-600 cc. has very little 
tendency to decolorize the solution, inasmuch as the sulfate solution is 
practically colorless, except when titrating large amounts of iron. Hence, 
the elimination or use of phosphoric add with the sulfuric add and man¬ 
ganese sulfate is largely a matter of individual preference rather than a 
fundamental difference in the analysis. 

(2) When a titration runs too high, the amount of variance from the 
true value is dependent on the amount of mercurous chloride present in 
suspension as well as on the concentration of hydrochloric add. ’ 

(3) Certain neutral sulfates and add phosphate mixtures react with 
hydrochloric add and prevent the latter from causing high results in the 
iron titration. The add phosphate solutions are especially serviceable, 

(4) Cerous sujfate shows the same deportment in the titrating solution 
as manganese sulfate. 

(5) Sodium sulfate, add phosphate mixtures, manganese sulfate with 
sulfuric add, manganese sulfate with phosphoric add, or with both adds, 
can be applied to* iron ore analyses. The use of cerous sulfate, while 
effective, is as yet prohibited on account of the present cost of the chemical. 
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(6) The prevention of the various reagents studied may be considered 
of two types: (i) conversion to salts of other acids than hydrochloric by 
the mass action of the preventor, and (2) the formation of intermediate 
compounds, which in turn oxidize ferrous to ferric iron with or without 
the first typ£ being effective at the same time. 
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A NITROGEN GENERATOR, 

By Chas Van Brunt 
Received May 4, 1914 

A form of generator for producing oxygen-free nitrogen from air, which 
has some advantages over those hitherto commonly used, has been devised 
by the writer and has been in constant use for over a year in this labora¬ 
tory. The absorbing medium for oxygen is the well known copper-’ 
ammonium carbonate combination. What novelty there is consists in 
the continuous circulation of the solution through the copper column in 
the absorption vessel by means of an air-lift actuated by the incoming 
air current. 

The nitrogen obtained by this means is so far free from oxygen that an 
incandescent tungsten wire is not oxidized even in a rapid current of the 
gas. Experience allows this to be a test of great delicacy. As a matter 
of security, however, it has been usual to add a tube of hot copper to the 
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system, but there has been so far no experi¬ 
ence to prove that this is necessary, even 
for refined work. 

The generators in use in this laboratory 
have the form and dimensions shown in 
the sketch herewith, the size of the reser¬ 
voir A being varied to suit the capacity re¬ 
quired. It is essential that the tube lead¬ 
ing vertically downward from the bottom 
of the reservoir shall be long enough to give 
a pressure at the level of C, where the air 
meets the liquid, such that the volume of 
solution carried up may be at least equal to 
that of the accompanying air without danger 
of the latter backing up into A. The 
slight downward slope of the tube C is essen¬ 
tial to the steady operation of the lift. The 
internal diameter of the riser tube should 
not exceed 5 or 6 mm. unless an unusually 
rapid current of gas is required. Adjust¬ 
ment of the relative proportions of air and 
solution is made by means of the screw 
clamp D. The best results are obtained 
when the rate of flow of the solution is such 
that it rises as nearly to the top of the 
opening into C as is possible without in¬ 
terrupting the down-coming air current at 
this point. 

The air-liquid mixture is discharged over 
the adjustable glass bell in the top of B, 
which distributes the liquid over the top of 
the column of copper chips or clippings. 
Gas and liquid traverse this column to¬ 
gether. The plentiful flow of solution 
washes the oxide film from the copper as 
fast as it is formed by the action of the in¬ 
coming air, thus maintaining the surface in 
active condition. The result is complete 
deoxidation of the air, the reaction being 
vigorous enough to cause a noticeable rise 
in temperature when the current ii rapid. 
The deoxidized air is delivered as showft, 
whence it passes through a purifyi ng train 
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adopted to remove the vapor derived from the solvent Dilute sulfuric 
arid is used to remove the ammonia. (The concentrated arid causes stop¬ 
page of the tubes, due to separation of solid ammonium sulfate*) 

The solution collected in A carries, of coarse, the copper oxide formed 
by the'vret combustion in B. A good deal of this dissolved copper is re¬ 
duced to, or remains in, the univalent state in its passage through B t and 
the reducing energy thus stored is later effectively expended upon the in¬ 
coming air in the lift* 

The solution, as freshly charged to the apparatus, is made by adding 
to a saturated solution of the “Ammonium Carbonate” of commerce its 
own volume of ammonia of 0.93 sp. gr. One liter of such a solution may 
be depended upon for approximately 75 liters of nitrogen from air before 
becoming exhausted. The approach of this point is accompanied by a 
dulling of the luster of the copper not difficult to recognize, and also by a 
slight foaming of the solution. One or two experiments were made which 
tended to show that equally good results could be obtained by substituting 
ammonium chloride for the carbonate, maintaining the same molal con¬ 
centrations of total NHs and of the add radical in each case, namely, about 
8 and 2 per liter, respectively, but this has not been tried out in practice. 

If the air supply is provided with a safety or reducing valve, the pressure 
may be left on the apparatus and the nitrogen current started, stopped and 
regulated by a cock on the delivery tube. The tendency of the air to 
back out through the reservoir on sudden starting is easily guarded against 
by a little care; or a check valve may be provided or a downward exten¬ 
sion of the tubing if the added vertical extension of the system is not ob¬ 
jected to. 

In place of air, the oxygen-contaminated nitrogen commonly supplied 
in pressure tanks has been much used in this laboratory. Of course the 
life of a charge of solution and copper is greatly extended by this plan. 

It may be suggested that the principle of the sir-lift as exemplified in 
the above described device is a laboratory aid which has not had the atten¬ 
tion it deserves. That it has other useful applications than the one de¬ 
scribed is manifest. In designing and adjusting apparatus embodying 
the principle, it is necessary only to remember that the hydrostatic pressure 
of the liquid in the reservoir should overbalance that of the column of 
mixed gas and liquid in the riser by an amount equivalent to the required 
“velocity head.” 

JUMAXca La»o»ayoky 09 rnm OimiH Btscvuc Comtaxy, 

, Scratacriunr. N. Y. 

VOTE. 

Pcnul for EUctrc^aMalysis. —The dcctrotytic panel, d es cri bed bekm, em¬ 
bodies a number of shop kinks which may be of interest to chemists. The 
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panel itsdf is of oak, 120 X 60 X 2 cm., and is fastened to the wall by four 
so called space or shoulder nipples of (*/« inch) pipe. These nipples screw 
into pairs of flanges set on the wall and on the back braces of the panel, 
respectively. 

The centra instrument of the panel has a range of 1 volt, and is used with 
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V 1 . Bath voltmeter. 

A. Bath ammeter. 

V*. Voltmeter for single potential measurements. 

1. Holes for voltmeter connecting plug (14). 

2. Holes for ammeter connecting plug (14'). 

3. Handles of lamp switches for cutting down no volt circuit. 

4. Detail of lamp socket and switch (3). 

5. Shelf on rear of panel. 

6. Binding posts of V*. 

7. Binding posts for electrodes setting in analysis baths. 

8. Twirlers for additional control of baths by means of rheostats (9). 

9. Outline of one of six rheostats set on back of panel. 

10. Panelboard, 
ix. Beaker support. 

la. End view of bank of four switches for v ol tm e ter V 1 . 

13. End view of bank of four switches for ammeter A. 

14,14'. Plugs for connecting voltmeter and ammeter. 

13. Rod for supporting calomel electrode. 

16,16'. Stirring motors with and without dutch. 

17. Fiber support for back of vol tme t er switch, 
a* Brass. 


* Fiber. 
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the calomel electrode to determine “end points” end tingle potential dif¬ 
ferences in the analyses. For convenience the connections of this instru- 
' meat are brought to the front of the panel, terminating in two binding 
posts. 

The other two instruments have a range Of 7.5 volts and 7.5 amperes 
respectively, and give the current and potential change through the anal¬ 
ysis bath. The ammeter is connected through a modified “Jack” switch 
having four points; and the voltmeter, through a set of four double contact 
keys. Thus the voltage across and the current through any of the baths 
may be read by pressing fclugS into the proper cavities. There is little 
sparking ordinarily, as the ammeter connection does not interrupt the cur¬ 
rent, and the voltmeter set across the bath only. 

A double throw switch on the back of the panel allows the use of either 
6 volt storage battery or 110 volt lighting current. To reduce the pressure 
of the latter,, three key lamp sockets, wired in multiple, are placed in series 
with each analysis circuit, and two in each motor circuit. These sockets 
are set on a shelf attached to the rear of the panel. A neat effect is se¬ 
cured by employing extension keys, the handles of which only are visible on 
the face of the panel. When the storage battery is used, a fuse plug re¬ 
places one of the lamps in each circuit. The meter connections as noted 
above, are also on the rear of the panel. ' 

Each circuit is further controlled by a nichrome rheostat set in porcelain. 
These rheostats are screwed to the rear of the panel, and are controlled 
by cheap typewriter twirlers on the front. 

Artificial stirring is accomplished in the outer baths by the use of cheap 
battery motors with suitable stirrers of glass or platinum clutched (for 
PbO a ) or sealed on to the motor shafts. Henry Ziegel. 

Bmookunb, Mass 


[Contribution prom*tub Chemical Laboratory op the University op Cali¬ 
fornia. ] 

THE COLOR AND IONIZATION OF CRYSTAL-VIOLET. 

By Rujot Q. Adams akd Ludwio Rouomtiin. 

Recdvtd May 5. 1914. 

Introduction. 

The chromogens 1 derived from triphenylmethane 8 undergo, on the addi¬ 
tion of strong acids to their aqueous solutions, a remarkable series of color 
transformations: The largest variety of color changes among these sub- 

1 This term will be used to include both colored and colorless modifications. 

* Kayser, ffandbuch d. Spekt., [5] ^ 87, 247, 554; H. W. Vogel, Ber., lx, 632-624 
(1878); Ibid,, 11,913-920, 1363-1371 ( ti 7$); Beiliner, Bbr., t#*8, 409-431; Girard and 
Pabst, Cmpt. rend,, xoi, 157-160 (ifcfij). /. Formdhek. tinier*, u. ndekmt* organ. 
Farbstoge auf spekt..Wege. (J. Springer, Berlin, 1908). 
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stances is shown by the dyes, N penta- and N hexa-methyl-£-trianilino- 
methyl chloride, respectively known as methyl and crystal-violet. Their 
color, in neutral solution, is blue-violet, changing on the gradual addition 
of strong acid, through violet-blue, blue, blue-green, green and yellow-green, 
to a pure yellow in concentrated acid. Accompanying these changes in 
hue another change takes place when the solutions are allowed to stand, 
the intensity of the color diminishing greatly in strongly acid or in alkaline 
solution. In weakly acid solution the fading is slower and less pronounced. 
Equivalent solutions of ^11 strong acids produce identical effects, and, on 
neutralization, the original color is in every case restored, in hue at once, 
and in intensity on standing. Examination with a dark-field ultramicro¬ 
scope of acidic, neutral and alkaline solutions of crystal-violet showed 
that only in the last case is this substance colloidal. It is clear from these 
observations that all these changes are brought about by reactions of the 
chromogens with hydrogen or hydroxyl ion (or with water), and that all 
these reactions are completely reversible. Rosaniiine, para-rosaniline, 
malachite green and aniline blue show a series of changes similar in all 
respects (except that the variation in color is less) to those of methyl and 
erysl al-violet. Solutions of either of the latter are well suited for spec¬ 
troscopic observations, and at the same time the similarity in behavior 
and analogy in constitution almost certainly insures identity, in all these 
cases, of structure and reactions. 

The rate of the development of color when alkaline solutions of triphenyl- 
methane dyes are made acidic with strong or weak acids has been carefully 
studied by H. C. Biddle; 1 he has pointed out that these changes bear a 
close resemblance to the slow conversion of the cinchona alkaloids to their 
toxic isomers, in that the rate of both is greatly decreased by increase in 
the hydrogen ion concentration. He also called attention to the com¬ 
plexity of the equilibrium in the case of crystal-violet as a result of the pos¬ 
sibility of the formation of mono-, di~, and tri-acid salts; and made refer¬ 
ence to work bearing on this point already begun at his suggestion by 
the authors. We wish in this place to express our gratitude to Prof. Biddle 
for much helpful advice. 

The accepted structures for the colorless carbinol (color-base), of cxystal- 
violet and for the violet chloride are shown in the*formulas on next page, 
and if, for convenience, the notation be adopted that the part of compound 
within the square be represented by R, these formulae become simply, 
Cl 

ROH and whereas the true, (colored) base* would be represented 
OH 

by ^ Salt formation at the two remaining nitrogen atoms will be 

1 Biddle, This Journal, $6,101,103 (19^4). 

* Cf. Holieman, "Textbook of Organic Chemistry/' p. 464 (1903). 
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indicated by the addition Of the symbol for hydrogen ion or for add at 
the left or below the letter R. Thus a dichloride of crystal-violet would 


be represented by 


Cl 

C1HR ; 


a color-base dichloride, which would be colorless, 


Cl 

by H . The ions of such chlorides can all be represented by re- 
C1HR—OH 

placing the chlorines by positive charges. In the case of para-rosaniline, 
the symbol R would represent 



and for all the chromogens named above the same notation can be adopted. 

As has been pointed out above, the changes in question are all to be 
attributed to reversible reactions of the chromogen with hydrogen ion, 
with hydroxyl ion, or with water. It will be well, at this point, to consider 
tiie constitution of the probable products of such reactions. Starting with 
the color-base, toi crystal-violet, ROH, which contains three nitrogens, 
there is the possibility qf adding one, two, or three equivalents of hydrogen 

ROH H+ROH ^ 

km, to form the ions H+ , and H+ROH, Bach of the four sub- 

H+ 
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stances may lose hydroxyl ion, forming the ions R+, R+, H+R+, and 

H+ H+ 

H+ 

H+R+; the first three of these are in tautomeric equilibrium with the 
H + + + + 

colored (qtrajoid) ions R, R, and H + R. Reactions with water will pro* 
H+ H+ 

duoe no changes which cannot be also brought about by reactions, suc¬ 
cessively, with hydrogen and hydroxyl ions. Owing to the symmetry 
of the crystal-violet molecule no isomers of these forms exist. The genetic 
relationship between these hypothetical substances is shown in Table I. 
In this table definite colors have been assigned to the three quinoid ions 
for reasons which will appear later. 



Table I. 

CoIorleM. 



Carbinol. 

Benzold Ion. 


vulOkCll. 

Quinoid ion. 

Loss of OH" —► 

Tautomerism. 

ROH 

32: R+ 



tl 

tl 


+ 

Roh 

R+ 


R (Violet! 

H+ 

H+ 


tl 

tl 

tl 


It 

+ 

h+Roh 

h+r+ 


R (Green) 

H+ 

H+ 


H+ 

tl 

tl 


ti 

H+ 

H+ 


+ 

h+Roh 

ZJ ±1 H+R-f 


H+R (Yellow) 

H+ 

H+ 


H+ 


For a compound with one less amine nitrogen the substances in the bottom 
row of the table become impossible; with one amine nitrogen, only those 
in the first two rows remain; while- triphenylcarbinol, having no nitrogen, 
is colorless under all conditions. On the other hand, molecular asymmetry, 
like that of rosauiline, increases the number of forms by the introduction 
of isomers. 

Since the chromogess considered are amine carbinols, the relative speeds 
of the reactions postulated in Table I may be inferred from analogy with 
other amines and other carbinols. As is well known, salt formation from 
amines is instantaneous, whereas the reaction of carbinols with adds is 
invariably slow. Hence the reactions in Table I headed “loss of OH~” 
may be expected to be slow while all the others would be instantaneous. 
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The data needed for the establishment of the relative concentrations 
of all the substances present in addic solutions of 2V-hexamethyl-p-tri- 
anilinomethyl chloride 1 fall naturally into two classes: the relative pro¬ 
portions of different colored substances in the solutions, and the variation 
of the proportions of colorless substances with the color of the solutions. 
The measurement of the proportions of substances of different colors in¬ 
volves comparisons of color intensities for many different shades lying be¬ 
tween violet and yellow after equilibrium between all the different forms 
has established itself. On the other hand, since the hue of the solutions 
does not change on standing, the variation of the proportions of colorless 
substances in solutions of different colors involves only the measurement 
of the relation between original and equilibrium intensities. 

The complete investigation is accordingly divided into three parts, the 
first to deal with the equilibrium between the colored forms; the second 
with the slow changes in color intensity toward equilibrium, and the third 
to comprise a discussion of the entire problem. 

PART I. 

Equilibrium between the Colored Forms of Crystal-Violet. 

Acidic solutions of crystal-violet showed, on examination with a small 
spectroscope, well marked absorptions in the yellow, orange, and violet 
regions; the relative prominence of these absorptions changed in the order 
named above as the concentration of acid was increased. These facts 
were taken to mean that three substances, respectively violet, green, and 
yellow, produced the colors of all the solutions. This part of the present 
investigation was therefore undertaken to obtain quantitative proof of 
the truth or fallacy of the assumption of the presence of three, and only 
three, colored substances. 

A o.oo i molal solution of crystal-violet (A-hexamethyl-^-trianilino* 
methyl chloride) was made in conductivity water and from this stock 
solution were made all the more dilute solutions used in the measurements. 
A 2 N solution of hydrochloric acid, standardized by titration against 
standard alkali, was used to obtain the desired concentrations of add. 

Since the color of freshly addified crystal-violet solutions changes ap¬ 
preciably in the time required for a set of spectrophotometric measure¬ 
ments. it was necessary to make these measurements with solutions which 
had come to equilibrium. The ratios of initial to final color intensities 
in such solutions have been obtained from measurements* of the rate of 

1 This substance was chosen rather than the pentamethyl derivative because it 
was available in (KaMbaAn's) pure form. Analysis gave N ** 10.27%, I o*&%\ 
theoretical, calculated for the hexamethyl derivative 10.53%; fur the pe ntamet hyl 
derivative, 10.70%. 

* See Part II. - 
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fading, and the absorption measurements at equilibrium have been com¬ 
bined with these ratios to obtain the initial absorption. 

When monochromatic light of intensity 1 0 passes through an absorbing 
medium, the intensity of the transmitted light, is given by the relation: 

Ii = Io X icf ,d (r) 

where d is the depth of the absorbing layer and €, the 4 ‘extinction coeffi¬ 
cient,” is a constant which, for any wave length, is characteristic of the 
absorbing material. The value of the extinction coefficient for unit con¬ 
centration of the absorbing substance is called the molecular extinction 
coefficient and is usually represented by A x . Then, in terms of this con¬ 
stant, equation (i) becomes 

I, = Io X IO- A X Cd 

where C is the concentration in mols per liter of the absorbing substance, 
and the depth d, is measured in centimeters. 

Equation (2) may also be written in the form, 

log I1/I0 = A x Cd. (3) 

The ratio of the intensity of the incident to that of the transmitted 
light was measured by means of a Kbnig, Martens and Griinbaum 1 spectro¬ 
photometer. In this instrument two beams of monochromatic light from 
the same source, which have passed respectively through tlv* solution and 
through an equal column of the pure solvent, are polarized in mutually 
perpendicular planes and are compared by means of a Nicol in the rotating 
eye-piece of the instrument. If a be the angle at match between the ana¬ 
lyzing Nicol and the polarizer in the beam from the pure solvent, then the 
ratio of the intensities is, 

I0/I1 = tan 2 a, (4) 

and combining with equation (3) 

A x Cd = 2 log tan a. (5) 

It will be well at this point to consider the accuracy attainable with this 
type of instrument. Under favorable conditions of illumination the ac¬ 
curacy of setting is considerably greater than that of reading the angle 
between the Nicol prisms. The absolute magnitude of the latter is ob¬ 
viously the same at all angles, hence the maximum' of accuracy is reached 
when the specific extinction coefficient changes least rapidly with the angle, 
that is to say, when the logarithmic derivative of A x with respect to the 
angle is a minimum. From equation (5) this derivative is 

din A x _ d In tan a __ 2 ^ 

da In tan a da sin 2a* In tan a 

and will be a minimum when its denominator is a maximum; 

1 Martens and GrCnbattm, D rude's Arm., 12, 984-1000 (1903). 
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d_(riaa « fatan«) _ 2(cos 2a to a + ,) « 0 . (7) 

da 

The solutions of this equation in the first quadrant are a « i6° 46'; 
a — 73 0 14'. Substituting into equation (6), a *= 16 0 46', da «* o.i° 
- 0.0017 radian; d In A x * 1.2%; that is, the maximum accuracy is 
obtained if the concentration is so chosen that the instrument reading is 
a «* 16 0 46', and the error of a single reading, o.i°, will then produce an 
error of 1.2% in A*. 

It should be further noted that the probable error in Ax will be reduced 
nearly threefold by taking eight readings, as has been done in the measure¬ 
ments to follow. On the other hand, at the ends of the spectrum the lack 
of light makes the error in setting greater than that of reading a. The 
unavoidable inequality in illumination causes the value of a taken with 
the solution on the two sides of the instrument to differ, without introducing 
any error into their mean. 

The Calibration of the Spectrophotometer .—The “wave length" scale of 
the spectrophotometer used being an entirely arbitrary one, it was neces¬ 
sary to calibrate it by means of some standard wave lengths. For this 
purpose were used the red lithium line, the sodium “D” line, and the yellow, 
yellow-green, blue-green and blue lines of mercury. All these lines appeared 
of appreciable width but had sharp edges, and therefore scale readings at 
both edges of the lines were made and their average was taken as the posi¬ 
tion of the line on the scale. No attempt has been made to correct for 
the slit width, since it was found that none of the slit widths used appre¬ 
ciably increased the apparent width of the lines. The results of the cali¬ 
bration measurements are given in Table II. 

Tabus II. —The Calibration or the Spectrophotometer. 


Scale readings. Wave 


Use. 

0. 

6. 

Mean. 

SUt 

width. 

length 

X. 

A - ’ X io*. 

14 ted. 

. 3388 

3*49 


. 




3387 

3*47 


*5 M 

6708 A 

2.222 


3387 

3233 

3318 




NaD. 


2957 


IO 




3080 

*955 


30 

5890 

3.880 


3090 

2947 

3018 

30 

5896 


Hg yellow. 


2897 


5 

5790 


* 

3038 

2896 

2967 

5 

5769 

*•995 

Hg green. 


3730 


5 



« 

3862 

2730 

2976 

5 

5460 

3.355 

Hg blue-green. 


2338 


3 




3471 

2344 

2405 

10 

4916 

4-140 

Hg blue.... 


1709 


5 



* 

1841 

I7XI 

1777 

5 

4358 

3.865 
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A calibration curve was drawn plotting instrument readings against the 
square of the frequencies, and from this curve were obtained the inter¬ 
mediate wave lengths corresponding to instrument readings. 

Table III.—Wave Lengths and Corresponding Instrument Readings 


Wave length 

Instrument 

Wave length 

Instrument 

X 

readings. 

X. 

readings. 

4609 A 

2100 

5955 A 

3050 

4800 

2300 

6073 

3IOO 

5025 

2500 

6215 

3150 

3295 

2700 

6348 

3200 

5 d 36 

2900 

6650 

3300 

5839 

3000 




In Table III are given the wave lengths and the corresponding instrument 
readings at which all absorption coefficients were measured. 

The Spectrophotometric Measurements .—The molecular extinction co¬ 
efficient, A x , which has been defined in equation (2) is, according to 
Beer's law, a constant with respect to the concentration whenever dilution 
does not affect the chemical nature of the colored substances. That Beer's 
law holds for the solutions used in this work follows from the fact that the 
decrease in color intensity to an equilibrium value is unaccompanied by 
change of hue. Hence it is clear that comparison between the absorptions 
of solutions of different chromogen concentrations is possible through the 
use of the molecular extinction coefficient, and .since the measurements 
gave the angle a of equation (5), this equation is directly applicable for 
the calculation of this characteristic constant. It may be pointed out again 
that the angle a was measured with a 10 cm. tube of the solution of chromo¬ 
gen on one side of the instrument and a 10 cm. tube of pure solvent on the 
other; and that after settings had been made in all four quadrants the 
tubes were interchanged and settings were again made in four quadrants. 
Thus any inequality in the illumination was eliminated from the average 
value of the angle. The method by which the calculation was made is 
illustrated, using a typical set of eight instrument readings, in Table IV 

Table IV —Instrument Readings and Calculations on the Blub Solution for 
Wave Length 5955 A. 

Concentration of chromogen — 5.0 X io“* p. 

Concentration of HC 1 * 0.016 N. 


Quad. 

1. 

II 

III IV. 

4 a a. 

L. 

72 1* 

105 9° 

252.i° 285 8° 

360° +1 — II + 

III — IV «• 292 5° 73 12° 

R. 

. 164* 

161.6* 

196 . 5 ' 341-4° 

— I + II — III *f 

IV *290.1° 72.32° 


Mean, 72 82* 

Ax • 2 log tan 72.82° (xo *“•) 4 * (5 o X io"* m.) - 20400. 

and “R” signify respectively "chromogen solution on left side of instrument'’ 
and "chromogen solution on right side of instrument." 
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lit the same way the values of a were obtained at the eleven wave lengths 
given in Table III for all six solutions, and these values of a, together with 
the concentrations of the solutions and the wave lengths to which they 
refer are given in Table V. From the mean values of d, Ax has been cal¬ 
culated to obtain a measure for the concentrations of the colored sub¬ 
stances, and Table VI gives these values of A x . 

Dividing these figures by the ratio of equilibrium to initial color inten¬ 
sity (y), found in Part II, we obtain the initial values of the molecular 
extinction coefficient. These values arc given in Table VII. 

Table V -—Value of the Angle a for Solutions of the Chromogen in Pure 

Water and in Acid 


Color 

Violet 

Violet 

blue 

Blue 

Blue- 

green 

Yellow- 

green 

Green- 

yellow 

Cone HC 1 

None 

0 004 N 

0 016 N 

0 040 N 

O 20 N . 

1.00 N 

Cone chromo- 
gen 

1 5 X io- # 

2 O X I 0 “* 

5 O X IO“ # 

20 X xo _e 

50 X IO~* 

50 X io“* 

Wav* length 

6650 A 

46 80 0 

51 52 ° 

56 30 0 

59 28° 

50 38 ° 

47 . 05 ° 


46 08 0 

51 55 ° 

55 io° 

59 20 0 

51 42 ° 

48 15 ° 

6348 

52 15 ° 

61 12° 

70 25 0 

78 50° 

59 92 ° 

47 92 ° 


51 88° 

61 65° 

69 75 ° 

78 58° 

59 20° 

49 lo° 

6215 

60 50° 

67 72 ° 

7 i 95 ° 

78 58 ° 

59 52 ° 

47 72 ° 


59 88° 

68 12 0 

7 i 55 ° 

79 00 0 

58 80* 

48 78* 

6073 

70 82° 

72 88° 

72 72 0 

76 68° 

55 35 ° 

47 20° 


70 30° 

73 38 ° 

72 00 0 

76 70 ° 

57 08° 

48 10* 

6955 

77 18 0 

77 38° 

73 12 0 

74 6° ° 

53 23° 

46 90* 


77 12 0 

77 20 0 

72 52 0 

74 92 ° 

55 12° 

47 82° 

5830 

77 58° 

77 52° 

71 88° 

72 IO° 

52 05° 

46 32 * 


77 22° 

77 08 0 

71 o8° 

73 18 0 

53 78 ° 

47 05* 

5636 

72 78 ° 

72 82° 

65 65° 

65 oo° 

49 00 0 

46 68° 


73 18° 

72 52 0 

65 10 0 

66 28° 

51 38 ° 

47 10* 

5295 

66 80 0 

65 50 ° 

57 78 ° 

55 58 ° 

46 50° 

47 oo* 


67 18 0 

65 15° 

57 25° 

57 70 ° 

49 65° 

46 95 * 

5025 

56 10 0 

55 32° 

05* 

49 88* 

46 28* 

48 58 * 


56 25 ° 

55 02 0 

50 22° 

52 58 ° 

50 48° 

48 32 ° 

4800 

51 20° 

49 62° 

48 28° 

48 52 ° 

46 95 ° 

50 85* 


5 i 70 ° 

49 18 0 

47 52 ° 

51 to* 

51 82* 

50 90* 

4609 

47 80 0 

47 08 0 

47 20° 

48 82° 

49 70 ° 

54 45 ° 


49 65° 

47 22° 

46 55 ° 

51 35 ° 

53 98 * 

53 85* 


The set of values of the molecular extinction coefficient at various wave 
lengths for a single chemical species of the chromogen will be called a 
“fundamental ” The absorption of a solution containing several chemical 
species will be the sum of the products of the fundamentals by the frac¬ 
tions of chromogen present m the respective colored forms. To prove 
that three colored'forms are present we must show that three fun dament als 
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TABLE VI — EQUILIBRIUM VALUES OF THE MOLECULAR EXTINCTION CoEFFRILNT 




A\ AT 20 0° 





Violet 

Violet 


Blue 

Yellow 

Green 

Color 

blue 

Blue 

grec tt 

green 

yellow 

Cone. HC 1 

Cone chromo- 

None 

0 004 N 

0 016 N 

0 040 N 

0 20 N 

I OO N 

gen 

1 5 X io~® 

2 O X 10- c 

5 0 X io~° 

20 X lO- 6 

30 X TO 

6 30 X IO-* 

Wave length 



AX X 

10 » 









6650 A 

2 90 

9 99 

6 64 

2 25 

0 390 

0 15S 

6348 

14 51 

26 31 

17 56 

6 93 

0 964 

0 214 

6215 

32 22 

19 18 

19 27 

7 09 

1 00 

0 198 

6073 

60 19 

52 06 

19 91 

6 26 

0 709 

0 161 

5955 

85 60 

64 65 

20 41 

5 63 

0 585 

0 144 

5830 

86 79 

64 71 

18 99 

5 03 

0 493 

0 097 

5636 

68 55 

50 57 

M 55 

3 43 

0 316 

0 114 

5295 

49 62 

33 76 

7 83 

1 81 

0 186 

0 120 

5025 

23 20 

15 75 

3 54 

0 950 

0 204 

0 2 TO 

4800 

13 14 

6 70 

1 76 

0 734 

0 268 

0 398 

460O 

7 53 

3 26 

1 i 3 

0 777 

0 418 

0 564 

Table VII —Initial Values of the 

Molklui ar 

Extinction CoEFFicirNi, Ax 



A1 

200“ 




Wave length 



AX X 

10 « 









6630 A 

0 29 

I 20 

2 80 

1 88 

I 12 

0 35 

6348 

1 45 

3 16 

5 84 

5 78 

2 79 

0 47 

6215 

3 22 

4 70 

6 40 

5 9 i 

2 57 

0 M 

6073 

6 02 

6 25 

6 62 

3 .2 

2 04 

0 <6 

5955 

8 56 

7 76 

6 79 

4 71 

1 68 

0 32 

5830 

8 68 

7 77 

6 45 

A 21 

l |2 

0 22 

5636 

6 86 

6 06 

4 so 

2 86 

0 91 

0 23 

5295 

4 96 

4 05 

2 60 

I 5* 

0 34 

0 27 

5025 

2 32 

1 89 

1 18 

0 79 

<> 59 

0 46 

4800 

1 31 

0 80 

0 58 

0 61 

0 77 

0 58 

4609 

0 75 

0 39 

0 38 

0 65 

1 20 

I 23 

are necessary 

and sufficient. The calculation of the fundamentals from 


the absorptions of mixtures of forms is algebraically impossible However, 
if we impose the restrictions that th* concentration of total chromogen 
is fixed, and that neither the concentration of an\ of the forms not their 
absorptions at any wave length can become less than zero, the fundamentals 
are restricted within very narrow limits 

It was at first attempted to assume that the sum of the fractions of 
chromogen in the several colored forms added up to unity, but this was 
found impossible, indicating that even initially a part of the chromogen 
is present is some colorless form. However, this sum cannot exceed unity 
and this condition was imposed 

The fundamentals were found by trial, and are given in Table VTII and 

1. 

The fractions of chromogen present in the different forms are given 

in Table IX. 
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Pig. 1.—Fundamental absorption curves of crystal-violet. 


Table VIII.—Fundamental Molecular Extinction Coefficients. 

Wave length. Violet. Green. Yellow. 

6650 A. 3000 40800 

6348 . 14500 112500 

6*15 . 33200 107300 

6073. 60200 82500 

3955 . 85600 6X000 

5830. 86800 49200 200 

3636. 68400 28400 1300 ‘ ‘ 

5295 . 49600 8000 3500 

5025. 23200 800 6700 

4800. 12000 . . X2800 

4609. 5000 .. 18300 

Tabus IX. —Calculated Fractional Concentrations of Colorbd Forms. 

Color of eolutlon. Add. Violet. Green. Yellow. C by did. 

Violet. * . None x.000 

Violet-blue.. 0.004 JV 0.779 0.195 o.oxi 

Blue. 0.0x6 N 0.462 0.466 0.090 

Blue-green. 0.040 N * 0.206 0.490 0.298 

Yellow-green.... r. 0.20 N 0.0x9 0.250 0.690 0.04 

Green-yellow. x .00 N 0.003 0.042 0.685 0.27 , 
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Tbfe comparison with the experimental results is given in Figs. 2 and 3, 
on which the lines represent the calculated absorptions, while the experi- 
mental points are marked by crosses. The completeness of the agreement 
establishes that three absorbing substances are necessary and sufficient to 




produce the observed absorption of all the solutions. The presence of 
other colored substances would be possible only if their absorption were a 
linear function of that of two or all three of the fundamentals given above— 
a condition so improbable as to merit practically no consideration. 
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Such conclusions ra are p ara b le will sow be drawn regarding the m twee 
ofthe substances initially present in acidic solutions of crystakwotet. 
It is well known that the color of strong electrolytes is almost comgtfetely 
independent of the degree of ionization. Theworkof Hantzsch ancUsttaps 
has shown that pseudo-bases, such as crystal-violet, are strong electro¬ 
lytes in add solution; hence the concentrations of colored forms found by 
colorimetric means are the sums of ionized and unionized forms. The 
researches of A. A. Noyes and his co-workers have shown that if yi be 
the degree of ionization of a uni-univalent strong dectrolyte in a solution 
of total ion-concentration Ci, then the degree of ionization, y mn , of a salt 
of valence product mn is equal to yi mn . If now the ions of two chlorides 
ACl* and BCl ff combine to form a (p+q )-valent ion the equilibrium con¬ 
stant for the reaction AB -f is 

K _ (A^)(B a+ J = (SA) 7 i <, ,(ZB) 7 , g = (2A)(5B) 

(Ab i <’+’ , +) (SAB) 7/ +4 (SAB) 

where (SA), (2JB) and (SAB) are the total concentrations of ionized or 
un-ionized AC 1 1 *, BCl^ and ABC 1 P -| q Hence the equilibrium constant 
for the ions is identical with that for the total reagents, and mass-law 
considerations can be applied to the total concentrations in such reactions, 
of which those of crystal-violet with hydrochloric acid are typical cases. 
The solid violet substance is known to be C^HaoNjCl, which, for brevity 
may be written RC 1 , hence it may be concluded that the violet fundamental 
is due to RC 1 R+ 4 - Cl~, while the increase in the concentrations, 
relative to it, of the other colored forms with increasing acid concentration 
proves that they are formed from it by combination with acid. The 
amount of acid can be found by application of the mass law. In Table X 

are given values of the ratios Ki = K 2 = K* = 

w ^ iere @W), ( 2 G)» (SY) and (SC) are the respective total 

concentrations of violet, green, yellow and initial colorless forms, and ( 2 H) 
is the total acid concentration. 


Table X— -Mass Law Constants 


Color of solution 

Add 

Ki 

Ki 

K» 

Violet-blue 

0 004 N 

0 0160 



Blue 

0 016 N 

0 0159 

0 083 


Blue-green 

0 040 N 

0 0168 

0 066 


Yellow-green 

0 200 N 

0 0152 

0 072 

3 4 

Green-yellow 

i 000 N 


0 061 

2 $ 


The substantial constancy of the first two ratios establishes the compo¬ 
sition of the green and yellow forms as RHC 1 * ^7 RH++ + 2 Oh rad 
RHfCh 25: RBU^ ++ + respectively. There is also evidence, 
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not entirely conclusive, that the “initial colorless” form is RH 8 C 1 < 7^ 
Mfc++++ 4- 4 CI-. 

PART U. 

Measurements of the Rate of Fading of Crystal-Violet in Acid Solution. 

The slow changes in color intensity mentioned in the introduction take 
place at a rate and to an extent which increase with increasing acid concen¬ 
tration. With acid concentrations less than 0.0001 N no measurable 
fading occurs, while in normal acid the color fades rapidly and nearly 
disappears in the course of an hour. Miss A. Morse and Miss L. Vance, 
at the suggestion of Prof. H. C. Biddle, carried on an investigation of this 
fading, using a Stammer colorimeter. They demonstrated that the re¬ 
actions involved are monomolecular in both directions and also found a 
much greater dependence on temperature than had been anticipated. 
The measurements were therefore repeated at 20.0 °, using the instrument 
and concentrations of solutions employed in Part I of this investigation. 

Constancy of temperature during the measurements was maintained 
by setting up the spectrophotometer in an air thermostat which was main¬ 
tained at 20 0 =*= 0.1 0 by means of an electric lamp. The entire equipment 
was placed directly over a large water thermostat constant at 20 0 =*= 0.0 x, 
in which all solutions, tubes, etc., were permitted to come to constant 
temperature before the beginning of an experiment. The largi heat ca¬ 
pacity of the solutions must have prevented their following to any great 
extent the small and rapid fluctuations in the temperature of the air 
thermostat. 

The reactions which produce colorless modifications of the chromogen 
from colored ones all take place in solutions extremely dilute with respect 
to chromogen, and so the only concentrations which can be changed ap¬ 
preciably are those of the colored and colorless substances. The reaction 
may therefore be represented as “colored colorless;” and if, now, 
it be assumed that this reaction is monomolecular in both directions, the 
rate of the transformation of colored to colorless chromogen is expressed 
by the differential equation 

— dQ/dt = KiC — K 2 I, (8) 

where C and L are the concentrations at the time of the colored and 
of the colorless substances, and Ki and K 2 are the specific reaction rates 
of the direct and reverse reactions. Representing the initial concentration 
of chromogen by Co, the values of C and L become C©7» and C 0 (i— t)» 
and equation (8) then reads 

—t dy/dt - K l7 — K*(i— 7 ), (9) 

an equation giving the rate of change of 7, the fraction of chromogen which 
is colored. On integration this last equation becomes 
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In (y/t^b—*) "* —(Ki + Et)< 4 - In (*«—*r») (») 

or > 

ln(C — Coo) - - (K, + K,)* + In (Co — C«). (n) 

Changing to common logarithms and combining with equation (5) gWea 
the two equations 

log (log tan a — log tan a*,) = —? l t + 

2 *303 

log (log tan ao — log tan o w ). (i*) 


m log tan as, 

7 00 log tan <Xq 

At equilibrum equation (9) becomes, Kn^ — Ka(i—700) 
•K 3 « 7oo(Ki + K 2 ), 


( 13 ) 

O, whence 

(14) 


an equation by which the separate specific reaction rates may be calcu¬ 
lated. 

It follows that if log (log tan a — log tan a^) be plotted against the 
time there should result a straight line whose slope is (Ki + K2V2.303 and 
from whose intercept 700 be calculated by equation (13). 

From equation (7) it may be inferred that the accuracy of the measure¬ 
ments suffers if a varies too widely from 74 0 (or the corresponding angle 
in the other half quadrants). The wave lengths at which rate measure¬ 
ments were made were so chosen as to give as high an accuracy as possible, 
hence in the more add solutions a change to another wave length was made 
when the absorption of the solution became too small. The observed 
values of a are given in Table XI. 

The mode of calculating the average value of a used in Part I automatic¬ 
ally eliminates two sources of error of single measurements: that due to 
the angle between the zero of the scale and the position of crossing of the 
Nicol prisms (found to be 1.1 0 ), and that due to inequality of illumination 
of the two sides of the spectrophotometer. To make the first correction, 
1.1 0 was added to all the observed angles before taking the logarithmic 
tangent; to make the second, 0.1 0 has been added to left-hand readings and 
subtracted from right-hand readings in the case of the violet-blue solution. 
In the other cases the correction has been made either by averaging equal 
numbers of right-hand and left-hand observations or by drawing the best 
representative line of the plot midway between those determined by the 
two sets of readings. 

Since in thfe more slowly changing solutions several minutes are required 
to produce a change of 0.1 0 in a, in these cases two or more readings have 
been reduced to the same half quadrant and averaged before taking loga¬ 
rithmic tangents, and the times of readings likewise averaged. 
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Table XI.—Average Value of a Reduced to Second Half-Quadrant. 


Color, 

one. HC 1 


Violet-blue. 

0.004 N. 


Mean M 
Time. 

X 5839 . 


Blue. 
0.016 N. 


Mean Mean Mean Mean 
a . Time. a . Time. 
9 . X 5295 . 3 


76 6° 

76.6 

76.2 

75-7 

75-4 

74.8 
740 
73-4 

72.9 
72.0 

71.4 

70.5 

69.6 
68.5 
67.8 
67.0 


Blue-green. 

Yellow-green. 

Green-yellow. 

0.040 A 7 . 

0.20 N. 

1.00 N. 

2oXio“*m. 

5oXio~*m. 

5oXio"^m. 

Mean 

Mean 

Mean 

Mean 

Mean 

Mean 

Time. 

ee. 

Time. 

a. 

Time. 

a. 

X 5025. 

X 5295. 

X 5839 . 

•S sj 


.5 y 


.5 0 


S <0 






\ 

79.5° 

3 s0 

84.1 

3 

70.4 0 

4 

78 6 

4 

83 6 

4 

68.2 

6 

77-7 

5 

82.5 

5 

67.8 

8 

77.5 

6 

81 1 

6 

65.7 

29 

70.6 

7 

80 8 

7 

65.2 

32 

69.7 

8 

79 5 

8 

63.0 

35 

O9.2 

9 

78.3 

9 

62.9 

43 

66.2 

IO 

76.7 

IO 

61.4 

45 

66.1 

11 

75-7 

00 

46.60 

4 6 a °. 

65.8 

12 

75-0 



00 

51 22 

13 

74 I 

X 6348 



14 18 

72.6 

l 2 so 

71.5 

X 5295 

15 

71.0 

13 

70.6 

38*° 

81. i° 

16 . 

70.0 

14™ 

67.9 

4O 80 

80.7 

17 

68 1 

15 

67.7 

4 I 30 

80.3 

18 

67.9 

16 

66.4 

48 

78.9 

00 

48.0/ 

17 

65.0 

49 »° 

78.3 



18 

64 5 

68 

73-8 

X 5656 

19 

62.0 

69 80 

72.9 

l6 40 

82.7 

20 

61.0 

72 so 

72.1 

I 7 J° 

81.8 

22 

59.1 

75 

72.3 

l8*° 

80.9 

27 

55-8 

00 

56.63 

19 

80.9 

28 

56 2 



20 

79.6 

00 

*7.65 



2J 

78.1 





22 

77.0 





29 

69 2 





30 

69.0 





38 

62.1 





39 

61.6 





00 

50.19 
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Ta*L* XII —CAtCUIAtlOHS F»OM RaTJ® DATA ON Bum-VlOUtT SOLUTION (TAKBN 

AT X * 5839 A) 


WO. 01 

vending* 

Mean timr 

Mean a 

log tan a 

oo 

log A 

7 

$ 

80 4 

0 7718 

0 1247 

9 0939 

4 

8 

80 3 

0 7672 

O 1201 

9 0795 

4 

10 

80 I 

O 7581 

0 iiio 

9 0453 

4 

37 

79 4 

O 7278 

0 0807 

8 9069 

4 

41 

79 5 

O 7320 

0 0849 

8 9289 

4 

70 

78 8 

O 7033 

0 0562 

8 7497 

4 

7I ao 

78 9 

0 7073 

0 0602 

8 7796 

4 

105 

78 3 

0 6838 

0 0367 

8 5647 

4 

io6»° 

78 3 

O 6838 

0 0367 

8 5647 

4 

120 30 

77 9 

0 6688 

0 0217 

8 3365 

4 

122*° 

78 1 

0 6763 

0 0292 

8 4654 

4 

I 24 3 « 

78 0 

0 6725 

0 0254 

8 4048 

4 

126 

78 0 

0 6725 

0 0254 

8 4048 


00 

7718 

0 6471 





o 20 40 60 80 100 lao 

Time m minutes 

Fig 4 

The calculation of the left-hand member of equation (w) is given for 
the violet-blue solution m Table XII, m which the first column gives the 
number of readings averaged, the second and third columns the average 
time and average a, the fourth column gives log tan a , the fifth log tan 
a—log tan a*, and the sixth log (log tan a — log tan «<*,), which has been 
called log A. The values of a x are taken from ^Part I, Table V The 
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calculations from the other solutions were made in the same way. The 
results of these calculations are shown graphically on Figs. 4 to 7. 




Fig 6 

Table XIII gives in the first two columns the intercept and slope of 
the lines of these plots, in Column three the values of Too calculated by 
equations (12) and (13), and in Column five the value of Ka froin equation 
(14). Ki is obtained by difference and is given in Column four. 

The effect of increasing add concentration on the rates of the reactions 
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‘Nsfeiored Sj colorless” is to educe the rate of the direct reaction to in- 
Me continuously although not prop o rtionately, and the rate of the re¬ 
verse reaction to pass through a minimum* 



Tabus XIII. 




Color. 

(Kj+Ki)/2.303. 





Mean elope. 

Intercept. 

ym. 

Ki. 

Ks. 

Violet-blue. 


I.XI3 

0.838 

0.00202 

o.oioxr 

Blue. 


1.657 

0.301 

0.0073 

0.00316 

Blue-green. 


$ 1 . 8 X 7 

(0.X24 1 

0.X20 

O.OI77 

0.00241 

Yellow-green. 


$0,072 

(0.384* 

0.0348 

O.0656 

0.00237 

Green-yellow. 


1.716* 

0.0452 

O.O768 

0.00364 



Fig. 7. 

PART m. 

Discussion. 

The composition of the colored ions has been definitely established* in 
Part I. Comparison with Table I shows that they are to be identified 
with the three quinoid ions there given, and since they are in rapid tau¬ 
tomeric equilibrium with three of the benzoid ions the concentrations 
given in Table IX are the sum of the concentrations of the two tautomers, 
and there appears to be no way of ascertaining the separate concentrations. 

The carbinol forms, lik^the benzoid ions above, are colorless, hence the 
measurement of their concentrations must of necessity be indirect. The 

. 1 7oo has been calculated from this intercept (X - 5295) since readings at the 
shorter wave length (X — 5025) were less reliable. 

* 740 has been calculated using both intercepts (X5295, X5636). 

1 A - 5839. 
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Study by Hantzsch and others of the equilibrium between carbinol, violet 
ibn and hydroxyl ion in alkaline solutions, shows that the mnr»ntr nt« > n 
of carbinol becomes very small in neutral solution; it is a fortiori negligible 

ROH 

in acidic solutions. The concentration of the ion may be inferred 

from the rates of reaction in neutral solution in the two directions. The 
.rate of fading, Kj, from Table XIII, is 0.002 min.*" 1 in 0.004 N acid and is 
presumably still less in neutral solution, whereas Biddle 1 has found the 
rate of the reverse reaction in neutral solution too great to measure. It 
may therefore be concluded that at equilibrium the carbinol ion concen¬ 
tration is certainly less than 0.1% and probably less than o 01%, and when 
the violet ion concentration is diminished by acidification will decrease in 
the same ratio. From the definition of 7^ (see equation (10)) it follows 
that (i/7oo — i)/(Y) is the ratio of total carbinol concentration to the 
concentration of yellow ion (plus its tautometer); the values of this ratio 
are given in Table XIV. 



Table XIV 





Color of solution 

(HCl) 

(Y> 

,(1/700 —O/OO 

Ki 

/(V) 

Violet-blue . . 

0 004 N 

0 011 

18 

[0 

184] 

Blue 

0 016 

0 090 

25 8 

0 

081 

Blue-green 

0 040 

0 298 

24 6 

O 

060 

Yellow-green 

0 20 

0 690 

41 6 

0 

097 

Green-yellow . 

1 00 

0 685 

32 3 

0 

X 12 


The ratio will be seen to be fairly constant, increasing slightly 2 with inciease 

W 

in acid concentration. This is evidence that the carbinol H+ROH is 

H+ 

the principal colorless form in strongly acidic solutions. As for the com¬ 
pound H+ROH we know only that its concentration at equilibrium is 
H+ 

never large, although it may constitute, in some solutions, a large part of 
the total carbinol. 

It is also possible to draw some conclusions as to the rates of the various 
reactions. The reaction ROH —► R+ + OH~ is very rapid, as has been 
mentioned above; the reverse reaction takes place rapidly is .strong alkali. 
The observation of Biddle 1 that the rate of development of color in solu¬ 
tions of the carbinol between neutrality and 0.01 N add is given by the 
formula A + B/(2H) S indicates that the reaction proceeds at a rate, A, 
unaffected by the add concentration, increased by a rate B/( 2 H)H* where 

1 Loc. cit. f 

* If any importance is to be attached to this increase it is evidence that com- 

H+ 

pounds exist containing more H + than the carbinol H+ROH 

H+ 
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<XH) 1 $ tiie add eefccegtratioD. The second term is to be attributed to 
tfec* reaction ROH —► R* + OH*; for the formula holds in a region 
where the rate of reaction due to the carbinol is considerable, and so must 
be one of the terms, and this term must also diminish with increasing con¬ 
centration of hydrogen ion since the carbinol concentration does so. Then 
the first term in the formula must be identified with the rate of the reaction 
H+ROH —► H+R+ + OH", in order to account for the presence of the 
H+ H+ 

inverse square of the acid concentration in the second term. It is also 
necessary that the ion H+ROH constitute the largest part of the total 

H+ 

carbinol concentration, for otherwise the first term would also be a func¬ 
tion of the acid concentration. Since the rate of the reverse reaction, K 2 
(see Table XIII) continues to increase after the concentration of green, 
and therefore of H+ROH, has reached a maximum it must be concluded 
H+ 

H+ H+ 

that the reaction H+ROH —► H+R+ + OH~ is also taking place. 
H+ H+ 

The last column of Table XIV gives the ratio of Ki to the concentration 
of yellow. The approximate constancy of this ratio shows that the reaction 
H+ H+ 

H+R+ + OH- —► H+ROH (or the equivalent H+R+ + H 2 0 —► 
H+ H+ H f 

H+ 

H+ROH) is the principal one taking place in acidic solutions. 

H+ 

In conclusion, a few words as to the relation between the color and con¬ 
stitution of crystal-violet will not be out of place. From the electromag¬ 
netic theory, absorption of light can result only from the sympathetic 
vibration of charged particles. These particles may be either electrons 
or ions, and the study of the ultraviolet and infra-red absorptions of such 
substances as quartz, rock salt, water and carbon dioxide, has shown that 
resonance periods in the former region are in general due to electrons, in 
the latter to charged radicals. Resonance periods in the visible spectrum 
may therefore be due either to ions vibrating at a frequency unusually 
high or to electrons of unusually low frequency. The latter condition 
might be expected in an ion in which tautomeric shift would involve the 
virtual paslage of an electron from one end of the ionic structure to the 
Other. Thus phenolphthalein, which Wegscheider 1 and Rosenstein 8 have 
1 R. Wegscheider. Z. Ekctrochcm 14, 510 (1908). 

* I* Rosenstein, This Journal 34, 1117 (1912); h. Rosenstein and E. Q. Adams, 
/W., 35 * *883 (1913)- 
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shown to assume odor only when the dibasic ion is formed, has then the 
structure 


O— which 


can become 




o- 


O -0 " 


cor 



by the type of transformation just mentioned Continuous alternation 
between the two forms is equivalent to the oscillation of a single electron 
between the positions The frequency of such an oscillation might be 
expected to be less than that of an electron limited in its motion to the di¬ 
mensions of a single atom, and therefore to give an absorption band m 

the visible rather than in the ultraviolet In the case of crystal violet a 

*i + 

similar relation exists between the ions R, \ R and R, and between R and 

f H+ 


+R, and both these forms, as has been experimentally shown, have great 
II+ 

absorbing powei The much weaker color of the }tllow ion can be ac 
counted for by its quinoid structure which is capable of producing a yellow 
color even where no electronic shift beyond a single benzene ring seems 
possible 

Rosamline and para rosaniline give ions which are similar to those of 
crystal violet and may be repiesented by the ^ami s>nibols It is there 
fore to be expected that the rosanilines would have the same number of 
absorption bands as cr>stal violet and the relative position of the three is 
indeed found to be the same The first two absorption bands are, however, 
much closer together, so that on casual observation the first two colors 

are hardly distinguishable In the case of malachite green (which has two 

♦ 

amine nitrogens) only the ions R and fR are related as indicated above, 
it therefore should have only the two last colors of crystal violet, and such 
is again the case The interesting and important problem remains to 
apply similar considerations to other dern atives of triphenyl methane and 
related substances 

Berkeley Cal 
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1 The work described in this paper formed part of a thesis presented to the faculty 
of Arts and Sciences of Harvard University for the degree of Doctor of Philosojihy by 
Elmer Reiser Bolton 
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the derivatives of iodoanil, which was takes up by one of us (B.) at the 
suggestion of Professor H. A. Torrey in continuation of his work with 
Hunter. 1 After the preparation of the diiododimethoxyquinone, diiodo- 
diethoxyquinone and silver iodoanilate, Professor Torrey’s lamented 
death made a new arrangement necessary, and accordingly the rest of 
the work has been carried on by us together. 

We have already described 3 the most striking cases in which iodoanil 
behaves differently from chi or o- or bromoanil. The substances described 
in this paper show a surprising resemblance to the corresponding chlorine 
or bromine compounds; the color, for instance, is essentially the same, al¬ 
though, in other cases, iodine has shown a marked tendency to deepen 
color, and no qualitative difference was observed in the solubilities. Tor¬ 
rey and Hunter 1 found, with the dihalogendiphenoxyquinones, that the 
melting point of the bromine compound lay half way between those of 
the chlorine and iodine compounds, and that the same was true of the 
cresoxy derivatives. In the hope of. finding similar regularities, we have 
prepared several series of dihalogenquinones, the melting points of which 
are given below: * 




C«Xf(CHaO)aOt. 

C«X,(CsH»O)s0. 

CtXt(CTHrO)aOs. 

Cl 


141-3 *« 

104-5'* 

143 0f 

Br 


175 04 

I39“* 

146° 

I 


196° 

186" 

160 0 



COCiCCamOt)^ 

C«Xa(CH(COOCtHi)t>aOt. 


Cl 

18a .5 07 

X33°« 


Br 

305° 

. 109° 


I 

307° 

M 

00 

0 


The only approach to regularity in these melting points is found in the 
alkyloxy compounds, and here the differences from the expected melting 
paints (+7° and —5 0 ) are too great for us to admit the existence of such 
a regularity. In the dimalonic ester quinones, the melting point of the 
bromine compound is even lower than that of the chlorine derivative. 
These data, therefore, indicate that the relation of the melting points ob¬ 
served by Torrey and Hunter is a special case and not part of a general 
law applying to all quinones containing halogens. 

The derivatives mentioned above, with the exception of the diaceto 
compounds, were made by the action of the reagent on the diiododiphen- 

1 This Journal, 34, 703 (1913). 

* '‘Ottoiodoquinhydrone,” This Journal, 36, 301 (1914); "Action of Alkaline 
Hydroxides on Iodoanil,” This Journal, 36, 551 (19x4). 

* Kehrmann,*/. prakt. Chem 40, 365 (1889). 

4 Will, Ber., ai, 608 (1888). 

1 Bentley, Am. Ckem. ao, 479 (1898). 

1 Jackson, Oenslager, Ibid., x8, xa (1896). 

* Nef, J- prakt . Chem., 4a, 170 (1890). 

* Stleglitz, Am/Ckem. 13,38 (1891). 
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oxyquinone, since we found, as with the chlorine derivatives, 1 that in this 
case the reaction ran smoothly with an almost quantitative yield, whereas, 
if the reagent acted directly on the iodoanil, the yields were small and the 
product hard to purify. The diiododianilinoquinone, melting with de¬ 
composition at 240 0 (uncor.), and the diiododi-^-toluidinoquinone de¬ 
composing at* 205 0 (uncor.) were also prepared in this way. In making 
the dimethoxy- and diethoxy-compounds the first products were the cor¬ 
responding diiododialkyloxyquinone hemiacetals, which dropped into 
the quinones, when heated for a short time with acetic anhydride. This 
is worth noting, since the dichlorodimethoxy-p-quinone dimethylhemi- 
acetal is decomposed in the same way, 1 indicating that the hemiacetals 
of the para series are less stable than those derived from the o-quinones, 
which, to judge from four examples, are not decomposed by acetic anhy¬ 
dride; but give acetyl derivatives, if monohemiacetals, 2 or show no action 
in the case of the one dihemiacetal 8 we can find. 

In making the benzyloxy compound, alcohol must be carefully excluded. 
On one occasion, when dried but unwashed ether was used as the diluent, 
the product was exclusively the ethyl compound f and that it is equally 
susceptible to the action of water is shown by the formation of sodium 
iodoanilate as a secondary product, when the substance was prepared with 
sodium, benzyl alcohol, and dry benzene, as we can find no source for this 
except the atmospheric moisture absorbed through the return condenser 
during the 2 hours’ boiling. 

The silver salt of iodoanilic acid is interesting, because it is insoluble 
in dilute nitric acid, or even in cold, strong nitric acid, which, however, if 
hot, decomposes it, forming silver iodide. 

As with other quinones, phenylhydrazine acted as an excellent reducing 
agent. In this way we prepared diiododiphenoxyhydroquinone melt¬ 
ing with decomposition at 260° (uncor.), tetraiodohydroquinone melt¬ 
ing with decomposition at 258° (uncor.), and dibromohydroquinonedi- 
malonic ester melting at 183° (uncor.). From the tetraiodohydroquinone 
the diacetate was made with acetic anhydride, which begins to decom¬ 
pose at 270°, and melts at 285 0 (uncor.), a behavior we did not expect from 
a diaceto compound. The same product was obtained from iodoanil and 
acetic anhydride, if the action was helped by * few drops of strong sulfuric 
add. Such a reaction seems to be a general one for the p-quinones, as. 
acetohydroquinones have been obtained by Sarauw 4 with quinone and 
acetic anhydride at 260°, or according to Buschka 8 by boiling the two 

1 Jackson, Grindley, Am. Chem. J., 17 , 579 (1895). 

* Jackson, MacLaurm, Am. Chem. J , 38, 144 (1907); Jackson, Flint, Ibid., 30* 
85; Jackson, P. S. Carleton, Ibid., 39, 493 (1908). 

* Jackson, Machaurin, Ibid., 38,157 (1907)- 

4 209, 129 (1881). 

•Bar., Hi 13*7 (1881). 
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substances with sodium acetate, and by Graebe, 1 when acetyl chloride 
acted on chiaroaniL 4 

When the diiododianilinoqtiinone was heated with nitrobenzene, the 
flask was soon filled with vapors of iodine, and the only product we suc¬ 
ceeded in isolating from the liquid was a small quantity of dianilinoqui- 
none. We can give no explanation of this curious reaction. If aniline 
was used instead of nitrobenzene, a considerable yield of dianilinoquinone 
was obtained, as was to be expected. Xlxi% reaction had been already ob¬ 
served by Torrey and Hunter, 2 when they caused an excess of aniline to 
act on diiododiphenoxyquinone. 

The diiododiaminoquinone decomposing at 230 0 (uncor.) was made 
by the action of alcoholic ammonia on iodoanil. The effect of the quinone 
oxygen and the iodine on the amino groups is so pronounced that it forms 
salts with sodium hydroxide but not with dilute acids. 

The three dihalogenoquinonedimalonie esters resemble each other closely, 
aft are yellow, and form intensely ’blue sodium salts soluble in water. 
Our attempts to saponjfy them failed, because they are so easily carbon¬ 
ized. Much time was devoted to the study of the decomposition of the 
Sodium salt by cold water, but the amorphous product was so unmanage¬ 
able that no results worth publishing were obtained. When the dibromo- 
quinonedimalonie ester was treated with bromine and alcohol, a new sub¬ 
stance, melting at 172° (uncor.), was formed which can hardly have any 
formula except C 6 Br 2 (CBr(COOC^H6)2)202, and is therefore dibromoqui- 
nOnedibromomalonic ester. This view of its constitution was confirmed 
by the ease with which the second atoms of bromine were replaced by 
hydrogen, the change being brought about by longer boiling with alcohol 
and bromine, a reaction we think perhaps analogous to the reduction of 
iodo compounds by hydriodic acid, and also by aniline, which at the same 
time seemed to replace the ring bromine atoms by anilino groups. Sodium 
hydroxide, or similar reagents, gave a reddish brown solution, from which 
no definite compound was obtained. 

An experiment on the action of chloride of iodine on quinone, instead of 
the expected iodo compound, gave dicliloroquinone, a curious result in 
view of the fact that the chloride of iodine introduces iodine into a great 
variety of substances, such as, for instance, resorcinol, 5 catechol, 4 phenol, 5 
and aniline.® 

1 Ann., 146, u (1868). 

* This Journal, 34, 702 (1912). 

* Michael, Norton, Ber., 9, 1752 (1876). 

4 Jackson and Boswell, Am. Chern. J., 35, 520 (1905). 

■ 1 Schutzenberger, Jahresb„ 1865, 524; hepetit, Gazz. chim. ital., 20, 105 (1890) 

•Stcnhousc, Ann., 134, 213 (1865); Michael and Norton, Bet., 11, m (1878) 
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Experimental. 

The iodoanil was prepared by the method already described. 1 To 
convert it into diiododiphenoxyquinone 20 g. were treated with the sodium 
phenolate made by adding 6.2 g. of phenol to 2.6 g. of sodium hydroxide 
dissolved in 50 cc. of water. After warming for half an horn* the product 
was crystallized once from toluene, which purified it sufficiently for our 
purposes. 

Diiododiphenoxyhydroquinone , Col2(OCoH & )2(OH) 2 .—-Phenylhydrazine 
was added drop by drop to 2 g. of diiododiphenoxyquinone suspended 
in hot glacial acetic acid, until no more nitrogen was evolved. The white 
product was crystallized from benzene or toluene, until it showed the con¬ 
stant melting point 260° (uncor.). 

Subs. 0.2370; Agl, 0.2016. 1 

Calc, for C«Is(OC«lli)s(OH)jr: I, 46.51 , found 1, 45 98. 

Properties. —Small, white needles from benzene sintering at 255 °, melt¬ 
ing fully at 260° (uncor.). It is slightly soluble in cold chloroform, ace¬ 
tone, ether, ethyl acetate, glacial acetic acid, nitrobenzene, or aniline; 
essentially insoluble in cold carbon tetrachloride, benzene, toluene, or 
naphtha; freely soluble in any of these solvents if heated. Benzene or 
toluene is the best solvent for it. vSodium hydroxide gives a colorless 
solution with it, from which an acid throws down the unaltered substance. 

Diiododimethoxyquinone , CJsfOCH^Os.—Torrey and Hunter's 2 di- 
iododimethoxyquinone dimethylhemiacetal (prepared from diiododi¬ 
phenoxyquinone and sodium methylate) was warmed a few minutes with 
a little acetic anhydride. On cooling, bright red needles were deposited, 
which, after drying on a porous plate, were crystallized from methyl alcohol 
until they showed the constant melting point 196° (uncor.). 

Subs. 0.2524, 0.1670; Agl, o 2834, o i8 74 

Calc, for CiIj( 0 CH 3 ) 2 0 2 : I, 60 47. found. I, 60 68, 60 64 

Properties. —It crystallizes in light red needles melting at 196° (uncor.). 
It is easily soluble in acetone, ethyl acetate, carbon tetrachloride, ben¬ 
zene, or toluene; essentially insoluble in ether, cold alcohol, or water 
Methyl alcohol is the best solvent for it. Cold water does not attack 
it, but when hot slowly converts it into iodoanilic acid. 

Diiodododiethoxyquinone , CBl2(0C 2 H B ) 2 02.---This compound was prepared 
in the same way as the dimethoxy compound. It was crystallized from 
alcohol till it melted constant at 186 0 (uncor.). 

Subs. 0.2476, 0.1912; Agl, 0.2602, 0.1998. 

Calc, for C*I*( 0 C 2 H 6 ) 0 2 ; I, 5669; found, I, 56.79, 56.50. 

Properties*— It crystallizes in orange red needles melting at 186 0 (un¬ 
cor.). Its solubilities are essentially the same as those of the dimethyl 

1 This Journal, 36,305 (19*4)* 

* Ibid., 34, 702 (1912). 
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CflatqiOriUfid i Hot water converts It stoiriy, sodhsoH hydroxide imme- 
dfttftely, Into iodoaniHe add. 

The "diiododietibioxyqumoiie was also formed in an attempt to make 
the benzyl derivative by the action of diiododiphenoxy quinone with sodium 
benzylate made by treating benzyl alcohol dissolved in ether with sodium. 
The ether had been dried, but not washed before drying, and the small 
amount of alcohol it contained was enough to convert the whole product 
into diiododiethoxyquinone, tn. 186 0 (uncor.). 

Calc, for C«Is(CC«H()sOs: I, 56.69; found: I, 56.95* 56.40. 

Diiododibemyloxyquinone , C«Is(OC7H7)jOa. —Two grams of diiododi- 
phenoxyquinone were treated with the sodium benzylate (made by adding 
0.4 g. of sodium to 4 cc. of benzyl alcohol dissolved in 50 cc. of dry ben¬ 
zene; see the preceding paragraph). After heating under a return con¬ 
denser for 2 hrs. a red solution was obtained mixed with a dark green solid, 
which we supposed to be principally sodium iodoanilate, because it dis¬ 
solved in water with the characteristic dark purple color. The residue 
from the spontaneous evaporation of the benzene solution was freed from 
benzyl alcohol by washing with a little alcohol, and crystallized from a 
mixture of benzene and naphtha until it showed the constant m. p. 160° 
(uncor.). 

Subs. 0.1726, 0.2317; Agl, 0.1430, 0.1901. 1 

Calc, for C|I*( 0 CrH 7 )| 0 *: I, 44.40; found: I, 44.78, 44.33. ‘ 

Properties of IHiododibenzyloxyquinone. —It crystallizes in orange-red 
oblong plates melting at 160 0 (uncor.). There is no qualitative differ¬ 
ence between its solubilities and those of the dimethyl compound. The 
best solvent for it is naphtha containing a little benzene. Warming with 
water slowly converts it into iodoanilic add. 

Dibromodibenzyloxyquinone, C«Bri(OC7H 7 )jOj.—T wo grains of dibromo- 
diphenoxyquinone were treated with the sodium benzylate (made from 
0.4 g. of sodium, 4 cc. of benzyl alcohol and 100 cc. of ether washed till 
free from alcohol and carefully dried). After heating under a return con¬ 
denser for an hour the green solid was filtered out. It dissolved in water 
with the dark purple color characteristic of sodium bromoanilate. The 
ether was allowed to evaporate spontaneously from the filtrate and the 
residue, freed from benzyl alcohol by washing with alcohol, was crystal¬ 
lized from naphtha till it showed the constant m. p. 146° (uncor.). 

Calc, for CiBrt(OCrHt)«0» : Br, 3344; found: Br, 33.23* 

Properties. —It forms orange-red plates, which melt at 146° (uncor.). 
Its solubilities tlo not differ qualitatively from those of the corresponding 
iodo compound, and like that it is saponified slowly by hot water, although 
unaffected in the cold. 

Dibromoddacetoxyquinone, CeBri(C*H*O 0 *O^--The bromoanilic add, 
from which thisVas prepared, was made by adding to 20 g. of bromoanil 8 g. 
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of sodium hydxoxide dissolved in 135 esc* of water, when, in a short time, 
the sodium salt separated from the solution, and after dissolving it in the 
least possible quantity of water, the bromoanilic add was set free and 
predpitated by an excess of gaseous hydrochloric add. Eight grams of 
the add were heated with 3 g. of acetic anhydride, until a deep red solu¬ 
tion was formed, which, on cooling, deposited yellow crystals. These 
were washed free of acetic anhydride with dilute alcohol, which, however, 
saponified a little of the substance, and then crystallized from carbon tetra¬ 
chloride, till it showed the constant m p 205 0 (uncor.). 

Subs 0.2238, o 1881, AgBr, o 2212, o 1870 

Calc for C*Brs(CaH* 0 8 )iO; Br, 41 88, found Br, 42 07, 42 31 

Properties .—It crystallizes in long, yellow, oblong plates, which melt at 
205 0 (uncor.). It is soluble in alcohol, acetone, ethyl acetate, glacial 
acetic acid, benzene, or toluene, essentially insoluble in cold ether or naph¬ 
tha. The best solvent for it is tetrachloride of carbon. It is slowly con¬ 
verted into bromoanilic acid by cold water, quickly by hot water or sodium 
hydroxide. Its properties, therefore, are analogous in every respect to 
those of diiododiacetoxyquinone, which has been described in an earlier 
paper. 1 

Silver Iodoamlate, CJaCOAg^CV—A slight excess of silver nitrate was 
added to a dilute solution of iodoanilic acid and the red precipitate washed 
till free from silver nitrate, dried, and warmed with alcohol and benzene 
when it was dried at ioo°. It was analyzed by heating it with fuming 
nitric acid. 

Calc for C«Ij(OAg) a Oa Ag, 35 65, found Ag, 35 24 

Properties .—It is a dark red amorphous substance insoluble in organic 
solvents and dilute acids. Even strong nitric acid has no action on it 
in the cold, but on warming decomposes it with formation of silver iodide. 

Dnododiaminoquinone , C«I 8 (NH2)i 0 2 .—Two g. of iodoanil were heated 
with an excess of alcoholic ammonia, and the deep purple product washed 
first with alcoholic ammonia, later with alcohol, after which it was sus¬ 
pended in a little alcohol, brought into solution with a few drops of sodium 
hydroxide, and reprecipitated with dilute acid. After this treatment 
had been repeated several times, it was dried for analysis. 

Subs o 1994, o 1806, Agl, o 2400, o 2198. 

Calc for CiIs(NHj)fO s I, 65 12, found I, 65 04, 65.79. 

Properties .—A brown amorphous solid melting at 230° (uncor.) with 
evolution of vapors of iodine. It is insoluble m alcohol, acetone, tetra¬ 
chloride of carbqp* glacial acetic acid, benzene, or toluene. A cold solu¬ 
tion of sodium h^drokkie dissolves it, but it is reprecipitated by dilute 
adds. When warmed with sodium hydroxide, a small amount of iodo¬ 
anilic add is formed* „ 

1 This Journal., Jfi, 560 (1914) 
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•■ lOiiftdtodM^ CiI»(C«HiNH)A^~'Two grutu <rf-. ditodo#- 

pbotaxycpuncxie wwe heated with a little more than two molecules of 
aniline and alcohol, until dark purple needles were forned, which wen 
washed with alcohol, and crystallized 3 times from toluene. 

Subs. 0.2347; Agl, 0.2042. 

Calc, for C*Ia(C*HiNH)»Oj: I, 46.86; found: I, 47-02. 

Properties. —Short, dark purple needles, which begin to decompose at 
220°, and melt at 240° (uncor.). If heated with aniline, it forms dianilinp- 
quinone, which was recognized by the absence of halogen, and the charac¬ 
teristic carmine solution formed with strong sulfuric acid. When heated 
with nitrobenzene the diiododianilinoquinone gives off violet vapors of 
iodine, which fill the upper part of the flask in a short time. A small 
quantity of dionilinoquinone was isolated from the product, but no other 
definite compound could be obtained. 

Diiododi-p-toluidinoquinone, Cb^CtHtNH^C^.—T his substance was 
prepared like the preceding and purified by washing with benzene, alco¬ 
hol and finally with ether. 

Calc, for CfI 2 (C7H7NH) a Oa: I, 44.55; found: I, 44.87. 

Properties .—It appears in dark purple oblong plates with a metallic 
reflex, which decompose at 205 °, turning black and giving off vapors of 
iodine. Soluble in nitrobenzene; essentially insoluble in alcohol, ether, 
acetone, chloroform, tetrachloride of carbon, glacial acetic acid, benzene, 
or toluene. 

Diiodoquinonedimalonic Ester , C«l2(CH(COOC2H 6 ) 2 )202. —Two grams 
of diiododiphenoxyquinone suspended in 15 cc. of absolute alcohol 
were treated with the sodium malonic ester (made by adding 0.3 g. of 
sodium to 20 cc. of absolute alcohol, and after the sodium had disappeared, 
pouring in 4 g. of malonic ester). The greenish black solution, after stand¬ 
ing at ordinary temperatures for 12 hrs., had deposited a blue precipitate 
of the sodium salt, which was washed with alcohol, in which it is not 
very soluble, and then dissolved in water. Upon adding dilute add to 
the blue solution, a yellow precipitate was formed, which was crystallized 
from 50% alcohol until it showed the constant m. p. 138° (uncor.). 

Subs. 0.2377; Agl, 0.1629. 

Calc, for C«I*(CH(COOC*H*) 2 )sC> 3 : I, 37 58; found: I, 37 04. 

The same compound, to judge from its color and that of its salt, was 
formed when iodoanil was treated with sodium malonic ester, but the yield 
was small, and the purification much more difficult than when the di- 
phenoxy compound was used. In this respect, the iodine compounds 
resembled the corresponding chlorine compounds. 1 

Properties of Diioctoquinonedimalonic Ester .—It crystallizes from dilute 
alcohol in yellow fern-shaped forms and melts at 138° (uncor.). It is 
1 Jadpott, Grifidky, Am. Ckm . X7, 579 (1895). 
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soluble in alcohol, ether, acetone, tetrachloride of carbon, glacial acetic 
add, benzene, or toluene. The best solvent for it is 50% alcohol. A 
dilute solution of sodium hydroxide forms with it a dark blue solution of 
the sodium salt, which has an intense bine color, and is very soluble in 
water, very slightly in alcohol, and insoluble in most of the other organic 
solvents. Attempts to saponify the ester led to no definite result, as it 
was carbonized by either sulfuric or hydrochloric acid, as soon as the acid 
was made strong enough to have any action. 

Dibromoquinonedimalonic Ester , C6Br 2 (CII(COOC2H 6 )2)202.—The sodium 
malonic ester necessary for 2 g. of the dibromodiphenoxyquinone was made 
by treating 100 cc. of absolute alcohol with 0.3 g. of sodium and then add- 
lug 3 g- of malonic ester. The largest yield was obtained by adding the 
dibromodiphenoxyquinone in small quantities at a time, and shaking 
vigorous^ after each addition. The liquid turned bluish green, and, 
after standing for 6 hrs., the blue precipitate of the salt was washed with 
alcohol, dissolved in water, and, after filtering out any unaltered diphenoxy 
compound, precipitated with dilute sulfuric acid. The orange-brown 
solution thus obtained usually threw down the free substituted malonic 
ester after a short time, but, if instead a floating tarry mass was obtained, 
this solidified more slowly on standing. In either case the product was 
crystallized from 50% alcohol, until it showed the constant m. p. 109° 
(uncor.). 

Subs 0.3046; AgBr, o 2003 

Calc, for C c Br2(CH(COOC,.H6)2)/b Br, 27 49; found. Br, 27 98. 

Properties. —It- crystallizes in small yellow needles, which melt at 109° 
(uncor.). It is easily soluble in alcohol, ether, acetone, chloroform, 
tetrachloride of carbon, carbon disulfide, ethyl acetate, glacial acetic 
add, benzene, toluene, or nitrobenzene. With aniline it forms a dark 
purple solution, with dimethylaniline a deep blue. Dilute hydro¬ 
chloric acid, or sulfuric acid, forms a dark brown product, which is mostly 
carbon; dilute nitric add converts it into a red oil, which does not dissolve; 
strong nitric acid dissolves it, and dilution throws down an orange-brown 
tar, from which we could isolate no definite compound; strong sulfuric 
add dissolves it with a dark brown coloi, from which water throws down 
a black, highly carbonized precipitate. All our attempts to saponify it 
were baffled by carbonization. 

Dilute sodium hydroxide gives a deep blue solution of the sodium salt, 
which, in a few minutes, takes on a dark reddish purple color. The addi¬ 
tion of an acid now predpitates a brown amorphous substance, and the 
filtrate gives a test for bromide and for alcohol. This reaction seemed to 
us so interesting that we spent a long time in attempts to determine 
its nature, but without result. 

Dibromohydroquinonedirnalonic Ester , C«Bri(CH(COOC»H6)a)2(OH)2.— 
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ester dissolved in toluene was treated with a 
few drops of phenyihydtfazine. Nitrogen was given off and the hydro- 
qtricone which whs deposited was washed with alcohol and crystallized 
from toluene until It showed the constant m. p. 183° (uncor.). 

Calc, for C*Bri(CH(COOC*H<)t)j(OH) s : Br, 27*39; found: Br, 27.05. 

Properties ,—It crystallizes in short, white prisms, which melt at 183* 
(uncor.)* It is soluble in alcohol, ether, chloroform, benzene, nitrobenzene, 
or aniline; essentially insoluble in water, naphtha, or glacial acetic add. 
Dilute adds have no action on it; saponification with constant boiling 
hydrobromic add gave a brown product, from which we could obtain 
nothing fit for analysis. A dilute solution of sodium hydroxide forms a 
light green solution, which gradually changes to dark green, then to pur¬ 
ple, and finally to a reddish purple. This final solution is probably iden¬ 
tical with the one obtained, when the solution of the sodium salt of di- 
bromoquinonedimalonic ester is allowed to stand. The reddish purple 
solution deposited a white salt, which dissolved in water and gave a white 
precipitate with an add. The salt turned bluish green on exposure to 
the air. It was not studied further. 

Dtbrofnoquinonechbronumalontc Ester , C^Bri(CBr(COOCsH 6 )j)*Oj.—One 
gram of dibromoquinonedimalonic ester dissolved in 30 cc. of alcohol was 
treated with 6 to 8 g. of bromine and the mixture heated for half an hour 
on the water bath under a return condenser. The yellow needles which 
formed slowly on cooling, were washed with a little cold alcohol and crys¬ 
tallized from hot alcohol until they showed the constant m. p. 172 0 (un¬ 
cor.). They were dried in vacuo, 

8ubs. 0.1796. 0.2636; AgBr, 0.1808, 0.2636. 

Calc, for C*Brs(CBr(COOCsHt)i)tOs: Br, 43.24; found: Br, 42.84, 42.56. 

Properties .—It crystallizes in rosets of small yellow needles, mdt- 
ing at 172 0 (uncor.), which turn greenish yellow when exposed to the sun¬ 
light. It is soluble in acetone, chloroform, ethyl acetate, carbon disulfide, 
benzene, nitrobenzene, or aniline; very slightly soluble in ether, tetra¬ 
chloride of carbon, glacial acetic add, naphtha, toluene, or cold alcohol, 
soluble in hot alcohol, which is the best solvent for it. Dilute sodium 
hydroxide gave a reddish brown solution, from which nothing was pre- 
dpitated on addition of an add; sodium ethylate, potassium carbonate, 
or silver oxide gave similar unmanageable results. 

When the dibromoquinonedibromomalonic ester was heated with alco¬ 
hol and bromine for half an hour, yellow needles separated on cooling, 
which were recognized as dibromoquinonedimalonic ester by the m. p. 
io 8 *-io 9 * (uncor.), and the formation of a dark blue solution with sodium 
hydroxide. The two atoms of bromine in the malcmtc ester groups may 
have been replaced by hydrogen by the action of hydrobromic add, or of 
the alcohol, or bdth. If the alcohol causes the reaction, it may 
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the low percentages of bromine found in the analyses, since the compound 
was crystallized from alcohol. 

When a few drops of aniline were added to some dibrotnoquinonedi- 
bromomalonic ester dissolved in alcohol, and the mixture heated for several 
minutes, a purple substance was deposited, which, after washing with 
alcohol, melted at i75°-i8o° (uncor.) with such vigorous decomposition 
that it swelled to three times its original size. It is slightly soluble in 
acetone, chloroform, ethyl acetate, carbon disulfide, or benzene; essen¬ 
tially insoluble in alcohol, ether, tetrachloride of carbon, glacial acetic acid, 
naphtha, toluene, or nitrobenzene. It contains no halogen and dissolves 
in sodium hydroxide solution, forming a purple liquid, from which an acid 
liberates the original substance. The two bromine atoms in the malonic 
ester radicals, therefore, have been replaced by hydrogen, and the com¬ 
pound is probably dianilinoquinonedimalonic ester, but, as it lay outside 
the immediate field of our work, it was not studied in detail. 

Tetraiodohydroquinone , CJ^OHV—Two grams of iodoanil suspended 
in 35 cc. of glacial acetic add were gently warmed and treated with 
3 to 5 drops of phenylhydrazine, nitrogen was given off, and the dark 
brownish purple color changed to light brown, and the hot acetic add 
solution after filtration deposited cream colored crystals. Both these 
crystals and the light brown residue from the glacial acetic acid grew 
darker on crystallization from gladal acetic add, undoubtedly owing to 
the formation of iodoanil, so that the first crystals were probably the 
purest^spetimen we obtained. 

Calc, for CflI<(OH)*: I, 82.74; found: I, 83.41. 

Properties .—It was obtained in its preparation as cream colored crys¬ 
tals, which begin to decompose at 238°, and finally melt at 258° (uncor.). 
On exposure to the air it quickly turns brown from the formation of 
iodoanil. This tendency to oxidation is so strong that it could not be 
purified by crystallization in the air. It is soluble in ether, acetone, 
chloroform, carbon disulfide, or aniline; nearly insoluble in cold alcohol, 
ethyl acetate, gladal acetic add, naphtha, benzene, toluene, or nitroben¬ 
zene, but dissolves in each of them, when hot, with the exception of naph¬ 
tha. It dissolves in a boiling solution of sodium hydroxide, and acidifica- 
tion throws down a white predpitate of the hydroquinone. 

p-Diacetoxytetraiodobenzene , CoI^OCsHsO^.—Two grams of the tetra¬ 
iodohydroquinone were thoroughly moistened with acetic anhydride and 
heated. In the first 20 minutes little or no action was observed, but after 
half an hour the substance had gone into solution. By adding a little 
fused sodium acetate the reaction can be made to take place in a few 
minutes. The hot solution was poured into water and the acetic anhy¬ 
dride destroyed with add sodium carbonate, after which the product 
was crystallized 4 times from benzene and dried at 100 °. 
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1 cm for C*I«(QC]HiO)t: X, 73.7ft; f«wd; I, 73.it. 

Properties.-*- It forms small white needles, which hepn to decompose 
shout 270 0 and melt at 283° (uncor.). It is slightly soluble in ethyl ace¬ 
tate; practically insoluble in cold alcohol, ether, acetone, chloroform, 
tetrachloride of carbon, glacial acetic add, naphtha, benzene, nitroben¬ 
zene, or aniline, but soluble in each of these solvents, when hot, with the 
exception of alcohol and naphtha. Adds, or alkalies, seem to produce 
no immediate effect on it. 

If iodoanii was heated for 10 or 15 minutes with acetic anhydride, the 
unaltered substance separated on cooling, but, if a few drops of strong 
sulfuric add were added, the same length of heating produced a brown 
solution, which gave a predpitate with water, that after 4 crystallizations 
from benzene began to darken at 270° and melted at 284° (uncor.). It 
was therefore the tetraiodo-£-diacetoxy benzene. 

Action of Chloride of Iodine on Quinone. —Twenty-five grams of chloride 
of iodine 1 were passed into 15 g. of qumcme suspended in 200 cc. of 
tetrachloride of carbon, and the mixture gently warmed. After the re¬ 
action was complete, the predpitate of iodine was filtered out, the 
filtrate evaporated to dryness, and after removing the iodine by washing 
with aqueous potassium iodide the yellow residue crystallized from 
naphtha, until it showed the constant m. p. 161 0 (uncor.), which in¬ 
dicated that the substance was dichloroquinone, an inference confirmed 
by the following analyses: 

Subs o 3284, o 2167, AgCl, o 5288, o 3494 

Calc for CoH»CbO» Cl, 40 12, found Cl, 39 81, 39 86 

Cambridge, Mass 

THE REACTION BETWEEN PHENYL-MAGNESIUM BROMIDE 
AND UNSATURATED COMPOUNDS THAT CONTAIN 
A NUMBER OF PHENYL GROUPS. 

By Dorothy A Hahn and Ruby Murray; 

Received AprU 24, 1914 

A comparison of the results obtained by treating highly phenylated 
compounds with the Grignard reagent, shows that phenyl groups, in both 
a and P positions, to carbonyl, effect a much greater hindrance to the re¬ 
action than the same number of groups in the a position. Thus, no re¬ 
action* can be obtained by boiling tetraphenylpropenone 3 
(CflH»)iC - C(CaHfi) COC*H®, 
with phenylnrttgnesium bromide, while benzpinacoline, 

(CeH 6 ),C.COC«H i , 

1 Made according to Jackson and Bigelow, Apt. Chem. J. t 46, 549 (1911). 

* Am Chem. 3B, 319 (1907)* * 
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Ceactt fairly readily with the same reagent. A similar resistance has 
been observed in dtphenylpropionyl mesitylene, 1 

(C $ H 5 )sCH.CH 1 COC 9 H 2 (CH 3 )s, 

in which the inactivity of the carbonyl is due to diorthosubstitution. 

In order to explain this difference, which is hardly in accord with the 
ordinary conceptions of steric hindrance, it is necessary to study the re¬ 
action with substances that contain other ‘"negative” groups in the 
place of phenyl. 

It is extremely difficult to determine the structure of the products that 
are obtained by applying the Grignard reagent to such complex substances, 
but the symmetrical dibenzoylstilbene, 

C^H b COC(C 6 H 6 ) = C(C 6 H6)COCoH6, 

which has benzoyl in place of one of the phenyl groups of tetraphenyl- 
propenone, offered some prospect of success. This was the principal sub¬ 
stance used in the following investigation; but, for the sake of comparison, 
some experiments were made with the simpler dibenzoyleinnainene, 
QH5COCH = C(CeHfl) COCflHfi. 

We have found that both of these substances react fairly readily with 
phenyl-magnesium bromide. Abenzoyl group, therefore, does not produce 
an effect equal to that of a phenyl group. 

The reaction between dibenzoylcinnamene and phenyl-magnesium 
bromide gave only two products: dibenzoyldiphenyl ethane and lepidene. 
Both of these substances are plainly due to 1,4-addition. 

C«H 6 COCH = C(C fl H*)COC 6 H6 + C € H 6 MgBr = * 

C6H 6 COCH(C e H 5 )C(CeH6) = C(GH 5 )OMgBr —► 

QHftCOCH(CflH 6 )C (CbHb) = C(C 6 H 6 )OH. 
The enolic compound formed, by decomposing the magnesium derivative 
with water, in part undergoes the usual rearrangement to the correspond¬ 
ing ketone, giving dibenzoyldiphenylethane (I), 

C®H5COCH(C«H5)C(CeH6)HCOCeH5; 
and in part undergoes dehydxation, giving lepidene (II) or tetraphenyl- 
furane. 

C e H*COCH(C«H*)C(C f H 6 ) * COHC*H 6 —► C.H 6 C — CCoH 6 + H s O - 

(i) H II 

C,H» C CC«Hs 

\/ 

O (II) 

The reaction with dibenzoylstilbene gives two closely related substances 
of which the structure is somewhat uncertain. The empirical formula 
of the substances shows that both are formed by the interaction of one 
molecule of ketone and one molecule of Grignard’s reagent. These two 
1 Am. Chm. 38, 519, 555 (iw)- 
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the very dose rdation existing between them, end the nature of thrfr 
reduction and oxidation products, indicate that they are due to 1,2-addI- 
tkm of phenyl-magnesium bromide to the carbonyl. 

The two reactions possible between dibenzoylstilbene and phenyl- 
magnesium bromide are represented by the following equations: 

1. (i,2-addition): 

CJ=UCOC(GiH») « C(C«H 5 )COC«H 6 + CeH*MgBr - 

CfH*CX)C(C«Hs) ~ C(C*H*)C(C«H*)iOMgBr —► 

C*H*COC (C«H*) - C(CeH*)COH(C*H 4 )i 

II. (1,4-addition): 

CeH # COC(C«H 6 ) - C((^H 6 )COC*H* + C«H*MgBr - 

/CeH* 

CfH.COC(CaH 8 ),C(CeH 8 ) * C<( —► CeH 6 COC(CeH5)aC(C 6 H.) « 

X OMgBr 

,C e H # 

C<( —► C*H*COC (C6H*) 2 C (CeH*) HCOC*H * 

X OH 

Of these reactions, the first accounts for the existence of two substances 
of exactly the same chemical properties, by offering the possibility of 
geometrical isomerism. The two substances obtained by this reaction 
cannot represent 1,2- and 1,4-addition, respectively, since it is impossi¬ 
ble for substances of the formula 

(QH b )iCOHC(C*H 8 ) - C(CeH*)COCeH* 

and 

C*H*COC(C*H 6 )iCHCeH*COCeHi, 

to give the same reduction product by addition of two hydrogen atoms 
and subsequent loss of water. 

The two substances formed by the action of dibenzoylstilbene and phenyl- 
magnesium bromide melt at 208 0 and 157 °, respectively. Both substances, 
on reduction, give a product melting at 185°. The analysis and molecu¬ 
lar-weight determinations of this substance show that there has been no 
loss of phenyl groups during reduction. Assuming that the substances 
melting at 208° and 157 0 are geometrical isomers, and the result of 1,2- 
addition of phenyl-magnesium bromide to dibenzoylstilbene, the forma¬ 
tion of their common reduction product may be represented by the fol¬ 
lowing equations. 

(ChH.JiCOHC^QH.) - C(C«H*)COC#H» + H, « 

(CtHi)tCOHC(CeHt) - C(<^H.)CHOH<X^H, —► 

(CtfI,),C.C(CeH,) - C(CiH*)CH.C4i* + Htf> 

i- ___ r\ _l 
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Apd II the** equations correctly express the course of the reaction, it 
should be possible to open the ring by applying Grignard’s reagent. It 
was found that the reduction product melting at 185° reacted readily with 
phenyl-magnesium bromide. The addition product was decomposed 
with ioe and hydrochloric add, and a crystalline substance melting at 
232 0 was separated. Analysis showed it to be less rich in oxygen than the 
substance from which it was obtained. Its composition may be accounted 
for by supposing that the opening of the ring was attended by a loss of 
one molecule of water from two molecules of condensation product: 

(C,H,),.C(CeH») - C(C 6 H 5 )CHC fl H 6 + C*H*MgBr - 
1-0- 1 

(QH 5 )»C.C(QH 8 ) - C(C«H 6 )OCHOHC«H5 
2(C^H,)aC.C(C«H5) * C(C|Ha)CHOHC«H5 —► 

[(QH 6 ),C.C(C«Hb) * C(CeH5)CH(C 8 H 6 )]0 + H,0 

The two substances formed by the action of phenyl-magnesium bromide 
and dibenzoylstilbene give identical products when oxidized with chromic 
oxide dissolved in acetic add. The process of oxidation does not always 
take the same course however, and it was found difficult to arrange the 
conditions so as to control it. In a series of experiments, the oxidation 
products showed that the original molecule had sometimes been com¬ 
pletely broken down, and sometimes only partially broken down during 
oxidation. When the decomposition was complete the products were 
benzoic acid, benzil and benzophenone. Small quantities of a fourth sub¬ 
stance were accumulated as the result of a series of oxidations. This sub¬ 
stance mdts at 143 0 and represents the incomplete breaking down of the 
original molecule by oxidation. Its constitution was arrived at by anal¬ 
ysis and molecular-weight determinations and by a study of its reduction 
product.. The substance was readily reduced, and its reduction product, 
melting at 135 °, was identified as triphenylvinyl alcohol. The process of 
oxidation leading to the formation of the substance melting at 143 0 may be 
represented by the equations : 

(C^HbJsCOH.CCQHb) * C(C«H,)COCXH6 + 0 - 

(CgHQgCOH .C (C«H 8 ) C (CeHiQ COCeHi 

(C^H,),COH.C(^H 6 ).C.(Ga)COC6H6 + H 2 O + O - 

(CeH 6 hCOHC(CM)COHC iS Hs + C«H*COOH 

The reduction of this substance to triphenylvinyl alcohol may be repre¬ 
sented by the equation: 

(CeH0iCOHC(C 6 H 8 )COHC 8 H 8 + *H, - 

(C«H 8 ),CHCOC«H 8 + CeH«CHO + 2 H& 
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(C#Si)tCOHC(CiH») - C(CfH*)COCfH 6 , 
is to be found in their behavior toward acetic anhydride. When pure 208* 
or pure 137 0 is dissolved in acetic anhydride, an equilibrium mixture is 
obtained from which both substances crystallize. 

In conclusion, it will be seen, by comparing the reactions of dibenzoyl- 
cinnamene and dfbenzoylstilbene with phenylmagnesium bromide, that 
the introduction of a phenyl group in the 0 position to carbonyl, offers 
resistance to 1,4-addition. Thus, C«H*COCH * C(QH 6 )COC«H6 shows 
1,4-addition of phenylmagnesium bromide and 

C6H 6 COC(C 9 H 6 ) • C(C 8 H5)COC«H5, 

does not. This is in agreement with results obtained by Kohler, 1 where 
a,j8-triphenylpropenone, C 6 H 6 CH = C(C6H 6 )COC«H&, gave a yield of 
100% of a 1,4-addition product when treated with phenylmagnesium bro¬ 
mide, and tetraphenylpropenone, (CoH 6 ) 2 C = C(CeH & )COCeH5, gave no 
reaction when boiled with the same reagent. 

The reactivity of the carbonyl in dibenzoylstilbene, 

CeH 6 COC - C.COCVH5 

1 1 

c 6 h 6 c,h 6 

as compared with its complete inactivity in tetraphenylpropenone, 
(CeHs)aC = C.COC,H s 

I 

QH* 

is curious. It would seem as if the reactivity of the carbonyl group with 
phenylmagnesium bromide were more dependent upon other factors 
than upon the presence of a phenyl group in the a position. 

Ejg>erimental. 

The condensation of dibenzoyleinnamene with phenyl-magnesium bro¬ 
mine took place readily. The dibenzoyleinnamene was prepared as de¬ 
scribed by Jopp, Klingemann 2 and was added in finely powdered form 
to an ethereal solution of the magnesium compound. Fifteen parts by 
weight of ketone were used for every five parts of magnesium and every 
thirty-five parts of phenyl bromide. The ketone was added slowly, 
with constant shaking, and in small portions, which were allowed to dis¬ 
solve completely before new portions were added. When all of the ketone 
had been added, the magnesium compound was decomposed at once by 
shaking with ice and hy drochlosM WdM and the ethereal solution was then 
washed and dried over calcine ^Mde. The ethereal solution, on 
1 Am. Chm J., 38,313 ( 1907 ) 

* Traits Chm. $oc, 57,673 
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eiOporatioti, yielded a mixture of products which were separated by frac- 
tfcHud crystallization from acetone. The mixture was found to consist 
Offftur substances, two of these representing the primary addition prod¬ 
ucts of the reaction between dibenzoyldnnamene and phenylmagnesium 
bromide, and two representing secondary products resulting from the oxi¬ 
dation of the primary products. 

Various modifications of this method of procedure were tried in attempts 
to minimize the amounts of secondary products. Glacial acetic acid 
Was added at once to’the dry ethereal solution, and most of the ether 
evaporated. The acetic acid, on cooling, precipitated a white crystalline 
mass, which, when filtered, dried, and weighed, was found to represent 
about 90% of solid product. The precipitate, however, consisted of a 
mixture which it was again necessary to separate by fractional crystalliza¬ 
tion. The only advantage of this method was that the separation of 
the mixture was in this case quicker and more complete. 

In the separation of the mixtures obtained as the result of this condensa¬ 
tion, the best method of procedure was to digest first with chloroform. 
Repeated extractions with small quantities of chloroform left a white in¬ 
soluble residue which melted quite sharply and was found to be an almost 
pure substance. On crystallization from benzene this substance melted 
at 256°. The addition of a very small quantity of ether to the solution 
of substances in chloroform caused the separation of a second substance 
in almost pure state. The white crystalline precipitate was filtered and 
washed with ether, arfd, after crystallization from acetic acid, melted at 
212-213°. The filtrate was then concentrated and hot alcohol was added. 
On cooling, glistening plates separated. These, after crystallization from 
acetic acid, melted at 175 0 and represented from 40- 60% of the product 
of the condensation. A fourth substance was separated by concentrating 
the mother liquors. It was much more soluble than the other substances 
and was present in the mixtures only in very small quantities. After re¬ 
crystallization from alcohol it melted at 157 °. 

An average yield of about 50% of the product melting at 175° was ob¬ 
tained directly and in almost pure condition, by adding glacial acetic acid 
to the magnesium addition product obtained in the reaction between 
dtbenzoylcinnamene and phenylmagnesium bromide. The acid was added 
quite slowly to the ethereal solution of the magnesium compound, and the 
heat of the reaction was utilized to partially evaporate the ether. A sub¬ 
stance separated on cooling which, after two recrystallizations from acetic 
acid, melted at 175 °. 

The substances melting at 175 0 and 256° were analyzed and were found 
to be lepidene and dibenzoyldiphenylethane, respectively. The identity 
of the lepidene was established by a study of its relationships and trans¬ 
formations, and by comparison with a specimen obtained by heating 
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by comparison with * specin&en obtained by the reduction of hydzoay 
lepidene with acetic add and zinc, and by its behavior toward concentra¬ 
ted sulfuric and concentrated hydrochloric adds. The substance dis¬ 
solved in concentrated sulfuric add to give a green sedation which grad¬ 
ually changed to brown. The solution, when decomposed with water 
and extracted with ether, gave lepidene.* These two substances represent 
the primary products of the reaction between dibenzoylcinnamene and 
jtetyhnagttesium bromide. 

The substances melting at 212° and 157 0 were found to be dibenzoyl- 
stilbene and dihydroxylepidene, respectively. Their identity was estab¬ 
lished by comparison with specimens prepared by the oxidation of pure 
lepidene—with nitric add* and by the oxidation of hydroxylepidene— 
with chromic oxide in acetic add. 4 The condensation reaction between 
the first of these substances and phenyl magnesium bromide forms the 
main portion of the present paper. 

Dibenzoylstilbene was prepared in quantity by oxidizing pure lepi¬ 
dene, dissolved in acetic add, with a mixture of nitric and acetic adds 
or with a solution of chromic oxide in acetic add. Since the separation, 
of pure lepidene was a somewhat tedious process, and since dibenzoyl 
Stilbene was obtained along with lepidene as a result of the reaction 86- 
tween dibenzoyldnnamene and phenylmagnesium bromide, the atteftj$fc 
was made to prepare dibenzoylstilbene directly from the condensatidh 
product without separating the lepidene. In general, two methods of 
procedure were followed: In the first case the dry ethereal solution, 
containing lepidene, dibenzoyldiphenylethane, and hydroxylepidene, was 
treated with a mixture of nitric add and acetic add. During the oxida¬ 
tion the greater part of the ether was evaporated, and on cooling, quite 
pure hydroxylepidene separated. The yidd varied from 40-60% of 
theoretical, but the melting point of the product remained at 205-206°, 
even after repeated crystallizations and although analysis for carbon 
and hydrogen showed the substance to be pure Rather better results 
were obtained in the second case, where the oxidation was effected by 
means of bromine. This was added directly to the ethereal solution of the 
magnesium addition product formed by the action of dibenzoylcinnamene 
and phenylmagnesium bromide. One molecule of bromine was calculated 
for every molecule of dibenzoylcinnamene. A slight excess of the calcu¬ 
lated quantity of^bromine was always used; but it was found, as the re- 

1 Z. Chem., 1867,313. 

* Jfef., 22 ,855 (*889). 

* Z. Chem, 2867,314 

4 Z. Ibid., 1871,483. 
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«& *£ a series of Experiments, that any considerable excess of bromine 
f^ltermfitl to the reaction, since it led to the formation of secondary 
products which interfered with the separation of hydroxylepidene. In 
one case, where a large quantity of bromine was used, a yield of 60% of 
d&romolepidene was obtained. 

A convenient method of procedure was as follows: The bromine was 
added slowly and with constant shaking, and the temperature was not 
allowed to rise. After it had been added the mixture was decomposed 
at once by shaking with ice and hydrochloric add, when an immediate 
separation of dibenzoylstilbene took place. The thick oily ethereal solu- 
ture was decanted and washed. After it had been separated from water 
as completely as possible, the mass was filtered under pressure, the process 
of filtration being facilitated by the addition of small quantities of cold 
acetic add to the oily mass. The predpitate was finally washed repeat¬ 
edly with small quantities of acetic add. The substance, after one crys- 
tallizationjfroinaeetic acid, mdted at 2i2°-2i3°, and the results of anal¬ 
ysis for carbon and hydrogen showed it to be pure dibenzoylstilbene. The 
yield was 60-80% of theoretical, and this method was the one finally em¬ 
ployed for the preparatioh of the dibenzoylstilbene used in the following 
experiments: 

The reaction between dibenzoylstilbene and phenylmagnesium bro¬ 
mide took place readily in the cold. The hydroxylepidene med in the 
condensations was prepared by all of the four methods described, and the 
results of the reactions were found to be the same in the case of all speci¬ 
mens. The method of procedure was as follows: 15 g. of finely powdered 
dibenzoylstilbene were added slowly to an ethereal solution containing 
5 g. of magnesium and 35 g. of phenyl bromide. After the addition of the 
ketone the mixture was decomposed at once by shaking with ice and hydro¬ 
chloric acid. The ethereal solution was separated, washed, and dried over 
calcium chloride. Usually the separation of a white crystalline solid took 
place at once, but sometimes the separation of the substance was very 
slow and very incomplete. The substance was filtered and washed 
with ether, and, after several recrystallizations from glacial acetic add, 
melted at 208°. In a series of about twenty experiments the yield varied 
from 75—85° of pure product. From the ethereal filtrate from this sub¬ 
stance a second product crystallized. This was much more soluble than 
the first and its separation was much slower. It was purified by repeated 
crystallizations from acetone, from which it separated in large rhombic 
crystals melting at 157 °. These two substances represent the sole products 
of the reaction between dibenzoylstilbene and phenylmagnesium bromide. 

An attempt was made to facilitate the separation of the substance 
melting at 208° by adding acetic add to the dry etberea1 solution obtained 
result of the condensation. In the process the ether was distilled off 
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awdtbe Ump m te m ms allowed to me to ioo°. It washoped that on 
Ofltfcg most of the substance melting at 208° would separate outfsom 
the solution. Crystals began to separate from the mixture almost'tome- 
diately, but the separation was very slow and was complete only after 
several days. The crystalline product was filtered and washed wttfe 
acetic acid. It was found to consist of an almost pure substance, wind)' 
after several crystallizations, melted at 157 and was identical with 
the substance mentioned in the preceding experiment. In a series of ex¬ 
periments, the yield of pure substance melting at 157 0 varied from 70-90%. 
The mother liquids yielded small quantities of the substance melting at 
208 and all of the material used in the successive condensations was quan¬ 
titatively accounted for. 

In order to ascertain whether the substance melting at 208° was unstable 
in the presence of acid, 20 g. of pure substance were added to 200 cc. alco¬ 
hol, and the alcohol was then saturated with dry hydrogen chloride gas. 
Although the substance melting at 208° is almost insoluble in alcohol, it 
slowly dissolved in the alcoholic solution of hydrogen chloride, the dry gas 
being passed into the mixture until the solution of the substance melting 
at 208 0 was complete. The separation of a crystalline solid from the 
alcoholic solution began immediately on cooling, but the crystals formed 
slowly and the process was complete only after several days. The crys¬ 
talline precipitate was filtered and washed a^^was found to consist 
of an almost pure substance. After recrysta^Jpg several times from 
ether, and then from chloroform-alcohol mixtures, this substance 
melted at 157 °. The yield varied from 80 to 90%. The mother liquors 
slowly yielded the substances melting at 157 0 and 208° and all of the 
material was finally accounted for quantitatively. By modifying the 
experiment, and by adding a small quantity of alcohol to the dry ethereal 
solution obtained by condensing dibenzoylstilbe^ and phenylmagnesium 
bromine, and then saturating the mixture witn dry hydrogen chloride, 
it was found possible to obtain directly yields ofcfrom 80 to 90% of the 
substance melting at 157°. 

Thus it was found possible in the condensation of dibenzoylstilbene and 
phenylmagnesium bromide, so to modify the procedure as to obtain an 
average yield of 80% of either of the two products of this reaction. A 
study of the transformations of these two substances showed that they 
were very closely related. 

y-Benzayltetraphenyjpropenol, C*HsCO.C(CeH 5 ) = C(C*H*)COH(C#H*)». 
—This substance, melting at 208°, was one of the products resulting from 
the reaction between dibenzoylstilbene and phenylmagnesium bromide. 
The substance separated from the ethereal solution in almost pure condi¬ 
tion. It was purified by several rapid recrystallizations from 
acetic acid 
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0**073 g. and 0.HE7 g. of wtbs. gave 0.5443 and 03737 g. CO* and 0.0536 and 
0.0589 g. H* 0 « 

Calc, for CmH* 0 *. C, 87.55; 5-58, found: 87.51 and 87 32, 5 55 and 5 54 

7-Benzoyltetraphenylpropenol is difficultly soluble in ether, almost 
insoluble in alcohol, soluble in hot acetic add and difficultly soluble in 
£old acetic add*, soluble in acetone and very soluble in chloroform. When 
left in contact with alcohol for a long time it slowly dissolves. In solu¬ 
tion in acetic add and acetic anhydride it is slowly changed into a sub¬ 
stance having the same empirical formula and melting at 157 °. When 
crystallized from acetone or from chloroform-alcohol mixtures it slowly 
took up water and passed over into a hydrate. This process was slow 
and was complete only after a great number of recrystallizations from 
these solvents. It was followed by repeated analyses of the substance 
during the process of recrystallization. It was found that the percentage 
of carbon in the substance decreased until a limit was reached, corre¬ 
sponding to the addition of one molecule of water to one molecule of sub¬ 
stance. At intermediate stages mixtures of the hydrate and of the anhy¬ 
drous substance crystallized out together. 

0.1769 and 0.1825 g subs gave 05491 and 05661 g CO2, and 00950 and 00984 
g. H *0 

Calc for C34H26O2 H^O C, 84 3, II, 5 8, found 84 6, 84 5 and 6 o, 5 9 
The hydrate crystallized from acetone in very large transparent plates 
or prisms that melted at 203-206°. Its solubility and appearance was 
the same as that of the anhydrous form. It was, however, very unstable 
and lost water at ordinary temperatures, the clear transparent crystal 
becoming opaque and coated with a white powder. When heated at 
130 0 it rapidly lost in weight, but the loss in weight never corresponded 
to the loss of one molecule of water. In the hope of obtaining quantita¬ 
tive results showing the loss of one molecule of water the hydrate was 
dissolved in acetic anhydride. The substance separated from this solvent 
on cooling and was recrystallized once from the same solvent and analyzed, 
o 1462 g subs gave o 4658 g. CO* and o 0708 g. HjO 
Calc for CsJIttOa C, 87 55, H, 5 58, found 86 88 and 5 38 „ 

It was observed that the melting point of the product crystallizing 
from acetic anhydride had been lowered to 190-192°. This was inter¬ 
preted as due to the formation of a small quantity of the low melting 
isomer; and such was probably the case, since, after exi aa Mj ^S i several 
times with small quantities of anhydrous ether and reervflByltg from 
glacial acetic acid, the melting point of the product was flipped to 204- 
206° and the percentage of carbon and hydrogen remained unchanged. 

Tte molecular weight of the anhydrous form of 7-benzoyltetrapnenyl - 
pcopenol was determined by the fr uy g-point method. Solvent ben* 
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y-BtmoyiMrapkmtylfroptMl, CrffcCOC(C«H») - C(CiH»)CGH(®«&. 
netting at 157 °, was formed together with its geometrical isomer wfaea 
<flbetuoyl*tiIbwie reacted with phenyhoagneahun bromide. It ttiey he 
prepared by starting with the pore substance melting at ao8° and dis- 
sdvfog it in alcohol that has been saturated with hydrogen chloride gaa.< 
The substance was purified by crystallization, first from ether and then 
from acetone. 

040*1 sad 0.159$ g- *ube. gave 0.6490 and 0.5124 g. CO* and 0.1086 and o.oStls 
|,H*0. 

Calc, to CwH*0*: C, 87.55; H, 5 58; found: 87.5. &7 4 and 5 * 9 . 54 - 

Moteculw-weight determination by the freezing-point method. Solvent benzenes 
K ■* 5000. 

Calc, for CmH» 0 * M, 466; found: 447, 448, 440. 

Molecular-weight determination by the boiling-point method. Solvent benzene; 
K m 2160. 

Calc, to CmH» 0 *: M, 466; found: 378, 433, 433. 

The substance melting at 157 0 was readily soluble in ether, acetic acid, 
hot alcohol and acetone. It easily separated from the isomeric farm 
melting at 208° by extraction with ether, and then recrystallized from 
acetone or from chloroform-alcohol mixtures. It separated from acetone 
in the form Of large plates or prisms, resembling very closely the crystal¬ 
line farm of its geometrical isomer. 

When boiled with acetic anhydride the substance melting at 157® was 
slowly changed into the high melting form. Eleven grams of substance 
vrisre boiled with acetic anhydride in a flask connected with a return con¬ 
denser for 24 hours. After evaporating off most of the anhydride a mix¬ 
ture was obtained from which 0.35 g. of pure 203-206° was finally sep¬ 
arated. 

Reduction of y-Benxoyltetraphenylpropenol. —The substances melting 
at 208® and 157° were attacked by reducing agents. With stannous 
chloride and hydrochloric add, and with hydrogen iodide and red phos¬ 
phorus, each gave a reduction product melting at 185°. 

Pentaphenylbutenyl Oxide , (C*H 5 )*CC(C«H*) « C(C*H a )CHC«H«.— In 

1-0-» 

general, the j*me method of procedure was followed in the reduction of 
7-benzoyh^^^)henylpropenol; but the high melting form was much 
less read^Muan the low melting form, and the time required for any 
given re&ctSrwas therefore greater. In redudng with stannous chloride, 
the substance was dissolved in alcohol o>r in a mixture of chloroform 
and alcohol, the calculated quantities of stannous chloride and hydro¬ 
chloric add added, and the mixture heated on a water bath for several days. 
When the high melting form was tised, it was necessary to heat the mix¬ 
ture fear ten days or more-in order to insure a complete reaction. During 



the beating, fresh quantities of hydrochloric acid were added at Intervals. 
M tile dose of die reaction the mixture was poured into water and the 
oil ex tr ac ted with ether. On evaporation of the ether, a substance crys¬ 
tallised out which, after several recrystallizations from alcohol, melted 
at 185°. The reaction was never quantitative, 5 g. of substance yielding 
0,5 g. of this reduction product; and, in the case of both the high and the 
low melting forms, the greater part of the anginal substance used for the 
reaction was recovered unchanged. In reducing with hydrogen iodide 
the usual procedure was followed. The substance was heated with hydro* 
gen iodide and red phosphorus in a sealed tube at 160 0 for 24 hrs., and at 
the end of that time the contents of the tube were extracted with ether, 
and the ether washed and dried. On evaporation of the ether, a substance 
crystallized out, and, after recrystallization from alcohol, melted sharply 
at 185°. Two specimens of this reduction product prepared respectively, 
from the high melting and the low melting forms of 7-benzoyltetraphenyl- 
propenol were analyzed after their identity had been established. 

0.1631 g. aubs. (from 208°) gave 0.5395 &• CO* and 0.0844 g. HjO. 

0.1303 g. subs, (from 157°) gave 0.4962 g. CO* and 0.0788 g. H*0. 

Calc, for CmHuO: C, 90.6; H, 5.7; found* 90.2, 90.0 and 5.7, 5.8. 

The molecular weight was determined (a) by the boiling-point method. Solvent 
chloroform, K « 3590 

Calc, for CmH» 0: M, 450; found: 534, 506, 491, 480, 493, 494- 

(6) By the freezing-point method, solvent benzene, K — 4900. 

Calc, for CmHmO: M, 450; found: 502, 430, 421. 

Pentabutenyl oxide is difficultly soluble in cold alcohol and ether and 
readily soluble in chloroform and in hot.alcohol. It crystallizes from 
hot alcohol in the form of large plates that grow in characteristic roset- 
like groups. The substance reacts with phenylmagnesium bromide to 
give a crystalline addition product. 

Hexophenylbutenyl Ether [(C^i)iCC(CJI,) « C(C«H 6 )CH(C«Hs)] 0 , 
was prepared by adding pentaphenylbutenyl oxide, in the form of a fine 
powder, to an ethereal solution of phenylmagnesium bromide. There 
was no apparent reaction in the cold, but solution took place quickly after 
the mixture had beeamarnmd for a moment on the water bath. The 
magnesium addition praft u dfr was decomposed at once by shaking with 
ice and hydrochloric add. The separation of a white crystalline solid 
took place immediately. It was filtered and crystallized several times 
from chloroform-alcohol mixtures from which it separated in the form 
of large transparent plates or prisms melting at 232°. 

0.1389 and 0.1063 g. subs, gave 0.4719 and 0.3603 g. CO* and 0.0737 and 00566 

g. H* 0 . 

Calc, for CmHmO: C, 924; H, 5.9; found: 92.6, 924 and 5<9* 5-9* 

Oxidation of y-Bengoyitetrophenylpropenol? —Both substances formed by 
the action of phenylmagnesium bromide and dibcpzoylstilbene gave tb$ 
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toeflting form was very «bk% oxidised and reduced chromic reridw *s 
rapidly as it was added, while thehigh melting form was reduced wtt? 
Slowly and its oxidation was complete only after prolonged heating. Urn 
method of procedure in the case of the substance melting at 157° was Os 
dissolve the substance in acetic add and to add to its hot solution a sofa- 
tkm of chromic oxide in the same solvent. The reagent was added rapidly 
with constant shaking, until a permanent brown color remained for a 
moment or two. The solution was then poured immediately upon kg, 
when a solid predpitate usually separated. This was filtered and the 
filtrate was repeatedly extracted with ether. The ethereal solution was 
extracted several times with a solution of sodium carbonate to remove 
adds, washed, and dried over calcium chloride. The aqueous solution 
containing sodium carbonate gave a heavy white predpitate when acidi¬ 
fied with. hydrochloHc acid, and the predpitate, after several crystaUte*~ 
tions, was identified as benzoic add. The ethereal solution, on evapcH 
ration, yielded a mixture of three substances, two of which were identified 
as benzil and benzophenone, while the third was found to be a new sub¬ 
stance. The predpitate which separated when the oxidizing mixture 
Was 'poured upon ice, consisted almost entirely of this third substance, 
and it was most easily isolated at this point. The quantities of this sub¬ 
stance obtained in successive experiments varied greatly-—10 g. portions 
of the substance melting at 157° yielding from a few tenths of a gram to 
as much as 3 g. We Were not aide to determine the conditions most 
favorable for the formation of this substance, but the rapidity with which 
the oxidation was carried through seemed to be a determining factor. 
The substance, after several crystallizations from alcohol, melted sharply 

*t 143 

In the case of the high melting form of 7-benzoyltetraphenylpropettol, 
the method of procedure was the same except that the chromic oxide 
was reduced so slowly that it was impossible to follow the course of the 
re a c ti on by the change in color. Even after boiling with chromic oxide 
for fifteen mkmtes, the greater part of the original substance was recov¬ 
ered unchanged. The unchanged portion of the substance melting at 
sot* was, because of its insolubility in most solvents, readily sepasated 
from the oxidation products. These were found, as in the case of the sub¬ 
stance melting at 157 to consist of benzoic add, benzil, benxophemgte 
and a third,mputral substance melting at 143°. This last substance Was 
isolatedoqiyjin very smell quantities from the oxidation products of the 
high melting isomer, and was found only when oxidation was incomplete 
pud where part of the original substance was recovered unchanged. The 
oxidation of the homer melting at *08* was complete after bofiing the 
substance ttr several hours with chromic oxide in ablution in acettf add*, 
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but the only products of oxidation in this cose were benzoic add, benzil 
and benxopheoone, , * ,> 

As shown in the introduction, the product (m. p. 143 °) obtained by 
oxidizing both the high and low melting forms of 7-benzoyltetraphenyl- 
propenol has the formula represented by 

(C^)O)HC(C^)C0HQH5. 

It was purified by several crystallizations from hot alcohol, from which 
it separated in well-defined plates having the characteristic habit of grow¬ 
ing in roset-like groups. 

0.1620 and 0.1088 g. subs, gave 0.4875 and 0.3264 g. COs and 0.0763 and 0.0468 
g. HiO. 

Calc, for CjtHmOs: C, 62.2; H, 5.5; found: 81.9, 81.8 and 3.2, 5.2. 

The molecular weight was determined (a) by the boiling-point method, solvent 
chloroform, K m 3590. 

Calc, for CuHsiOi: M, 394; found: 369, 372, 365, 365, 362, 366, 

(b) by the freezing-point method, solvent benzene, K - 4900. 

Calc, for CstHmOi: M, 394; found: 334, 326, 363, 362, 366, 365 

The substance is quite soluble in all organic solvents. It dissolved in 
concentrated nitric acid and concentrated sulfuric adds to give a brilliant 
red solution. Oxidized in acetic add with chromic oxide, it gave benzo- 
phenone and benzoic add. 

The substance was not acted upon by metallic sodium and alcohol, 
but when dissolved in acetic add it was slowly acted upon by zinc and 
hydrochloric add. The product of the reaction was a substance melting 
at 135*. The same reduction product was obtained when the substance 
in solution in alcohol was reduced by the action of stannous chloride and 
hydrochloric add. The method of procedure in this case was to dissolve 
the substance in alcohol, add the calculated stannous chloride and hydro¬ 
chloric add, and heat on the water bath for 6 hrs. A crystalline product 
separated on cooling and this was filtered. The addition of water to the 
filtrate caused more of this substance to crystallize and this was again 
filtered. The filtrate had a strong odor of benzaldehyde. The reduc-^ 
tion product, separating in this way, was found to be almost pure, and 
after one or two crystallizations from alcohol melted sharply at 135 °. 
The analysis and molecular-weight determinations of this substance showed 
that it corresponded to the formula C*oHwO; and it was identified as 
tnphenylvinyl alcohol by comparison with a specimen of that stAtetance 
prepared by heating trichloroacetyl chloride with benzene ifitbe presence 
of aluminium chloride. 

XT. HOLVOUl COIXSO* LabOSATOSY, 

Sam Maws Coumom Labokayosy. 
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4-»OMO^NITaO-m-CRESOL AND some of its dkrwa- 1 
1 > 1 TfVSS. 

1 Br t. CttAS. SLkX*ox& m OUm Luvka. 

lUcdred May 13, 1914. * 

In 1889 Claus and Hirseh* studied the behavior of w-cresol toward bro¬ 
mine and other reagents. Among the derivatives reported was a dibromo 
compound obtained by bromjnating 6-nitro-*n-cresol,* which they named 
^^bromo-< 3 -mtro-m-cresol, and to which they assigned the structure. 


OH 



The analysis reported for bromine agreed with the formula given, but, 
beyond this, no details as to the method of preparation, properties, direct 
proof of structure of this compound or any of its derivatives are recorded. 
The melting point was given as 93 °. 3 

In a study of chloroimidoquinones 4 one of the authors, working with 
Stieglitz, had occasion to nitrate 2 , ^C-tribromo-w-cresol 1 by a modifica¬ 
tion °f 2incke’s* method, and found that the reaction gave a pair of mono- 
nitrodibromo-m-cresols that melted at 87° and 134 respectively. These 
Compounds were identified by the preparation and study of several of 
their derivatives, and their structures were decisively proved. The struc¬ 
ture of the compound melting at 87° was established by preparing it from 
2^4,6-tribromo-fn-cresol, in which the positions of the bromine atoms are 
known, and by determining the relative positions of the hydroxyl and nitro 
groups in the substance itself. Through the preparation and reduction 7 
Of the oitrocarbonate, and the subsequent rearrangement of this reduction 
product to the corresponding urethane, these positions were found to be 
adjacent (ortho). Additional evidence tending to support the view that 
tipsse groups are adjacent is found in the fact, recently observed, that the 

'J.prakt Cktm., fa J a* 62 (1889) 

* Ann. Ckm. {bUhnt), $s, 217 (1883), and 2^9, 210 (1890). 

9 It will be shown below that a dibromcmttrocresol, probably identical with Claus 
and Hirsch's product, is formed under the same conditions and along with the mono* 
btxm 46 compound mentioned in the title of this paper; though the most careful purifica¬ 
tion possible failed to raise the melting point above 87°. The dibromo compound 
hast Obtained was found to be identical with a substance {Am Ckm . 46, 4*7 

( 19 X 1 )) the structure of whk^b* was shown by one of us to be 2 ,4-dibromo-6-ttitrc>-f*- 
creaol. 

♦Am. Ckm J., 46,417 (*9is) 

1 Bull, toe. ckm 461273 (1886). 

1 J. prakl. Cktm., [a] bx v 56 (1900). 

7 Am* Ckm J,* 3,14 (1900). 
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amine obtained by the reduction of the nitro compound may, under suit¬ 
able precautions, react with nitrous add to give a diazoxide. 1 Taken to¬ 
gether, these facts show the compound to be 2,4-dibromo-6-nitro-m-cresol, 
with tibe structure suggested by Claus and Hirsch 2 for their product. 

While the above-mentioned work on chloroimidoqninones was being 
dene, an attempt was made to repeat Claus and Hirsch’s experiment* with 
t&te hope of proving the identity of the compound melting at 87° with that 
reported to melt at 93 °. It was noted that two products were formed 
bed lack of time prevented further investigation then. It has now been 
found that, when 6-nitro-tn-cresol is brominated in glacial acetic acid so¬ 
lution, starting the reaction at the room temperature, a monobromo product 
is formed to the extent of about 60% of that theoretically possible. After 
removal of this substance, which crystallizes rapidly from the reaction 
mixture after all bromine has been added, pouring the filtrate into water 
gives an additional product, the 2,4-dibromo-6-nitro-w-cresol, m. p. 87°, 
mentioned above. In this paper we have reported the results of our in¬ 
vestigation of the monobromo compound, including some of its derivatives 
and the determination of its structure. 

In order to determine the position of bromine in this compound, the 
purified product was subjected to the further action of bromine. A 
substance was obtained which, after crystallization from alcohol, melted 
at 87°. A mixture of this and 2,4-dibromo-6-nitro-w-cresol melted at 
the same temperature, which indicated that the products were identical, 
and that the monobromo compound must have formula (I) or (II) as given 
below: 



The proof that in this compound bromine occupies position (II) or (IV) 
Was further confirmed as follows: The monobromo compound, melting 
at 126°, was nitrated at a temperature (30-35 °) slightly above that of the 
room, and gave a monobromodinitro compound, melting at 77°, which 
was characterized by the study of several of its derivatives (see experi¬ 
mental part). When the last named substance was nitrated at a higher 

1 Meldola, Wookott and Wray ( J . Chem. See*, 69, 1333 (1896)) state that the 
formation of a diazo-a&ide (or quinonediazide, Wolff, Ann. Chem. (Liebig), 3x2, xa6 
(1900)) is proof of the ortho relationships of the nitro and hydroxyl groups. The 
literature, however, mentions cases where compounds having apparently the char¬ 
acteristics of diazo-oxides have been prepared from f-aminopheaols. 

* Loe. cit. 

2 They give no details as to methods. 
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111 order togain further insight as to whiph of the two positions was oc¬ 
cupied by bromine, it was proposed to study the ethyl ether of the com¬ 
pound in question. In their work on the derivatives of <h end p- 
mtxo-m-cresol, Staedel and Kolb 1 found that 6-aitro-**-eresol was easily 
converted into its ethyl ether, and that when the latter was nitrated the 
second nkro group took a position para to the ethoxy group. The relative 
positions of these groups were determined by showing that the dinitoo 
ether mentioned above is identical with that one obtained in a similar way 
from 4-nitro-m-cresol. These experiments were repeated by us, and 
Staedel and Kolb's conclusions confirmed, with a view to making use of 
them in determining the position of bromine in our compound. The re¬ 
actions may be indicated as follows: 

OH OCsHt OCfHj OCgHft OH 

njL-nou-HQkHpL*-cL 

NO* NO, NO, 

(I) (II) (HI) (IV) (V) 

The behavior of our mcnobromo-6-nitro-m-cresol, as has been indicated 
above, showed that bromine was in position II or IV. If ih position 2, the 
ethyl ether of the monobromodinitro-m-cresol described on page 1506 should 
be Identical with the product obtained by brondnation of 4,6-dinitro-m- 
cresyl ether, formula (III) above. This ether was prepared and attempts 
were made to brominate it, but thus far all have failed. If the bromine in 
our product had been in position IV, then the ether described on page 1503, 
if it reacts with ammonia when heated in a sealed tube with the latter,* 
should give the nitro bromotoluidin (NHi:CH*:Br:NO* ■= 113:4:6) 
described by Nevile and Winther. 4 As will be shown below, the ether 
in question did not react with ammonia. 

The proof that the bromine atom in our product occupies position IV 
Was finally brought in another way. When the compound was chlorinated 
in the presence of iron as a carrier, one chlorine atom entered and this, 
as wifi be shown below, took position II. This monochkaomonobromo-O- 
nitfo-w-cresol Was next reduced to the corresponding amine, and the lat*- 
ter treated with nitrous add for the purpose of converting it into a diaa- 
onitust salt which, it was hoped, could be decomposed by cuprous chloride, 
thus replacing the qjnino group by chlorine. As wifi be stated in detail 
in the experimental part, treatment of the amine with nitrous add gave a 
1 Dudes, Ann Ckem. (Liebig), 109, 141 (1839). 

* Ann. Ckem (Liebig), 259, 210 (1890) 

9 Staedel and Orth, Ann Ckem (Liebig), 210 (1890). 

4 Ber. 4 . ckem. Ces ., 13,97a (1880). 
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Akin rwridt whkk waft finally made to undergo, but with some difficulty, 
ite Sandmeyer reaction. In this way there was obtained a monobromo* 
derivative, the structure of which turned out to be 2,6-dichloro- 
44Wdflto-m-ctesol. Oxidation of this product by means of the usual di* 
fl hf ffl ft ft ate mixture gave a quinone that contained no bromine and which 
Wttft found, both by analysis for halogen and by comparison of its melting 
point* With 2,6-dichlorotohiquinone, to be identical with the latter. Taken 
together these reactions show that in the monobromonitn>tn*cresol under 
investigation the bromine is in position IV, that is, para to hydroxyl. The 
steps showing the proof of the structure may be briefly summarized as fol¬ 
lows: 





The starting point in this work was w-cresol, which was obtained by 
fractionating a pure commercial product. Fifty grams of the liquid, 
bdiling at 199-200 0 (uncor.), were nitrated in accordance with the method 
of Staedel and Orth,* and the isomeric nitro compounds that resulted were 
separated by distillation with steam. The 0- compound, 6-nitro-w- 
cresol, which is volatile under these conditions, was found to melt at 56°, 
as reported in the literature, and was used without further purification 
in the experiments described below. 


1 The fact that the product obtained here melted at the same temperature as 
2,6-4lchlaratohiquinone, and failed to depress the melting point of the latter, was not, 
alowe* accepted as sufficient proof of the identity of the two products. The additional 
precaution of analyzing the compound in question was taken because we have found- 
that in certain of the toluquinones chlorine may replace bromine without a change of 
melting point, and that the two products may be melted together without such a de¬ 
pression as would usually be regarded as showing that the products are different. Thus, 
* mixture of 2,6-dibromotoluquinone (J. prakt. Chem., [2} 39, 370 (1889); Am. Ckm. 
X* 46* 430 (1911)), m. p. 1x7°, and 2-chk>ro-6-bromo-3-methylquinone (This Jovumal, 
36, 679 (1914)), m. p. 119°, shows no sign of melting below 117°. Likewise, a mixture 
of £-chlorotoluquinone ( Ber 20, 2286 (1887)), m. p. 105*, and £-bromotoluquincme 
(Bit ., 1 27, 1931 (1894)), m. p. 106ihelts at 103-104 9 ; while a mixture of the corre¬ 
sponding hydroquinones, each of which melts separately at 17b 9 , does not melt below 
174°. 

1 Ann. Ckm . (Liebig), 2x7, 51 (1883). 
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Adfow of Btotitim m 6*mfoo+*wre9cL~-*A pertsm of frmti to m c ree d 
waiting 10.2 g. obtained as spedfiedabove, was dissolved in 75 cc. glacial 
acetic add, and to this solution theft was gradually added from a dipping 
funnel a sedation of 6.7 cc. bromine (enough to convert all uitrocresol Mo 
dihromb derivative) in 30 cc. of glacial acetic acid. While the solution 
waA slowly added the flask was frequently shaken. The operation was 
begad at the rooin temperature and lasted about one hour, during which 
time the temperature rose slightly. Crystals began to separate about 
the time all bromine had been added, and the mixture was allowed to stand 
for six hours in a cool place in order to secure as large a yield &s possible. 
At the end of this time the crystals were collected on a filter, washed with 
a small quantity of glacial acetic add, and dried on a day plate. Chilling 
the filtrate increased the yield to 9.5 g., which is about 61% of the pos¬ 
sible amount, if all had been converted into the monobrotno product. 
In this condition the compound melted at 123 0 , and was very nearly pure. 
It was readily soluble in ether and alcohol, and was best purified by crys¬ 
tallization from the latter liquid, from which it separated in the form of 
yellow plates that melt at 126°. It may be purified by distillation with 
steam, though it does not pass over rapidly. It was analyzed for nitrogen 
by the Dumas combustion method, and for halogen by the Carius method. 
Both results agree with the formula for a monobromo product. 

0.1803 g. subs, gave Q.1473 8- AgBr; 02643 g. subs, gave 14 9 cc N at 7493 
mm. and 24° over 50% KOH solution. 

Calc, for CrH«QiNBr: Br ■* 34.48; N m 6.04, found: 34 76, 6.24. 

The filtrate obtained when the monobromo product described above 
was removed was allowed to stand over night to see if it would deposit 
more solid. Nothing was deposited. The clear liquid was then poured 
with stirring into six volumes of ice water, and the precipitate allowed to 
settle during^ several hours. The yellow solid, after being collected on a 
filter and dried on a clay plate, weighed 7.2 g., less than 35% of that re¬ 
quired by the theory on the basis of the formation of dibromo'compound 
only. The substance was purified by repeated crystallization from alco¬ 
hol, and was obtained in the form of yellow needles that melted sharply 
at 87°. A mixture of this product with 2,4-dibromo-6-nitro-w-cresol, 
in. p. 87 °, obtained by the nitration 1 of 2,4,6-tribromo-w-cresol, melts 
at the same point as either of them separately, which shows that they are 
identical. This product, is, also, probably identical with that obtained 
by Claus and Hirsch* by brominating 6-nitro-m-cresol, though they report 
93 0 as the melting point. 

Satis of 4-brom<b6-mtr<hm^e$oL~TLhe monobromo compound described 
above reacts readily with bases to form salts. Several of these were stud- 
> ia CM. 46,4*7 (191 *)< 

1 Lee. dt. 



4-bro **m a»d mam smmArpms. 1503 

hA* filie ammonium salt was obtained by allowing the pulverized nitro 
oo wp oi m d to stand over night with concentrated ammonia water. The 
sohifeittty of the product in cold water is so slight that the yield of salt 
obtained by filtering the above mixture was nearly quantitative. The 
•salt was purified by repeated crystallization from dilute ammonia water. 
It waa*found, in fact, that the nitro compound could be purified most easily 
in the form of ammonium salt, which latter could afterward be decomposed 
by hydrochloric add. The salt crystallized in the form of orange colored 
needles. 

0.2810 g. subs, gave 0.2138 g. AgBr; 0.2152 g. subs, gave 20.4 cc. N at 731.5 mm. 
and 21.5 0 over 50% KQH solution. 

Calc, for CrHtOtNaBr. Br « 32.12; N = 11.26; found. 32.37, 1059. 

The potassium salt was prepared by dissolving the nitrocompound in 
a hot aqueous solution containing slightly more than the theoretical 
amount of potassium hydroxide, and then allowing the liquid to cool to the 
room temperature. Five grams of nitro compound gave 4.05 g. of potas¬ 
sium salt which was increased to 5.05 g. by working up the mother liquor. 
It was purified by two crystallizations from water, and formed deep red 
needle-shaped crystals. 

Analysis for potassium was carried out by igniting the salt with dilute sulfuric acid. 

0.2088 g. subs, gave 0.0669 g. KjSO*; calc, for C7HsO»NBrK: K «* 14.44; found: 
14.38. 

The sodium salt, prepared in the same way as the potassium compound, 
crystallized from water in red needles. 

o.W $4 «. subs, gave 0.2446 g. NajSO*. Calc, for CvHiOiNBrNa: Na «■ 9.07; 
found: 9.13. 

The silver salt, which is but sparingly soluble in water, was prepared 
by adding a slight excess of silver nitrate solution to a solution of tile 
sodium salt that had been purified by several crystallizations, and that 
was free from any considerable amount of alkali. The dark red precipitate 
that formed at once was filtered off, washed with water and dried on clay 
plate. It was used in the preparation of the ethyl ether that is described 
below. 

Ethyl Ether of 4-Bromo-6-nitrO‘nt-cresoL —Five grams of the above de-. 
scribed silver salt were dried and pulverized. This powder was mixed with 
dry ether and considerably more than the theoretically required amount of 
ethyl) iodide. To hasten and complete the reaction, which appeared to 
very slowly at the room temperature, the mixture was heated for five 
hours under a reflux condenser on the water bath. The mixture was then 
filtered to remove silver iodide and any unchanged silver salt of the nitro- 
cr caof, and the residue extracted several times with dry ether. The ethe¬ 
real solution was then shaken with sodium carbonate solution in order to 
remove any free nitro compound, and after separation from the alkaline 



liquid was evaporated to dryness by distilling off the ether. Tbemahtae 
weighed about a g. This was purified by crystallization from ligrom, 
70-80°, from which it separated in the form of {dates having a slight tan 
color. A second sample was repeatedly crystallized from alcohol, and gave 
nearly colorless crystals. Them.p.in both cases was 124°, which is very 
near that of the nitro compound (126°) horn which we started. The two 
products, however, were shown to be different both by melting them to¬ 
gether and by analysis. The mixture melted at 97-102 °. 

0.9472 g. subs. gave 0.178$ g. AgBr. Calc, for C«Hi«OiNBr: Br « 30.76; found ' 
30.7B. 

The question of the behavior of this ether toward ammonia when the 
mixture was heated under pressure was next considered. Staedel and 
Kolb 1 found that the ethyl ether of 6-nitro-m-cresol reacted with ammonia 
under these conditions to replace the ethoxy by the amino group, and that 
the same reaction took place with the corresponding dinitro and trinitro 
ethers. Since their mononitro compound corresponded to our product, 
With the exception that theirs contained no bromine, it was expected that 
ours would react with ammonia, and, by replacement of the ethoxy group, 
give a nitrobromotoluidin (NH s :CH 8 :Br:NO* ~ 1:3:4:6) of known 
structure.* A portion of our product was mixed with concentrated aqueous 
ammonia, and heated in a sealed tube for eight hours at 150 °. Nothing 
but the unchanged ether was recovered from the reaction mixture. 

Hydrochloride of 4-Bromo-6-amino~m-cresol. —This compound was ob¬ 
tained by dissolving 5 g. of the corresponding nitro compound in boiling 
alcohol, and adding to the boiling liquid a solution of stannous, chloride 
in concentrated hydrochloric acid. When reduction was complete, one 
volume of concentrated add was added and the mixture allowed to come 
to the room temperature. The amino hydrochloride that separated was 
removed by filtration and purified as follows: The solid was dissolved in 
a small quantity of hot water, the solution filtered through paper, and the 
filtrate mixed with an equal volume of concentrated hydrochloric acid. 
Nearly co 4 orksss needle-shaped crystals, that were free from tin com¬ 
pounds were obtained. 

03496 g. subs, gave 0.3476 g AgHal; calc for CjHgONClBr: halogen « 48.41; 
found: 48 51. 

4-Brorno-6-dmino-tn<resol .—This free base was easily prepared by mix¬ 
ing with a faintly add (hydrochloric) solution of the aminohydrochloride, 
described above, a slight excess of ammonium carbonate solution. The 
amine was promptly predpitated, and after a few minutes it was doBefetfcd 
on a fflter, washed several times with cold water, and dried on <&y plate. 
It was found to be soluble in alcohol, benzene, and less so in ligroin. It 

* Ann. Chet*. (biebi%), 259, 234 (1890). 

4 Btr., *3,972 (1880). * 
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mm beet purified by crystallization from benzene, from which it was 
obtained in nearly colorless crystals that melted sharply at 145°. 

' a. 1532 g. tubs, gave 0.0808 g. Ag (electrolyt. dep.); calc, for CrHiONBr: Br «■ 
39.35; found: 39 04. 

Nitration, of 4-brotno-6-niiro-m-cresol .—A portion of the monobromo 
product weighing 5 g. was finely powdered and then added to a mixture 
of 54 cc. nitric acid (sp. gr. 1.42) and 21 cc. sulfuric acid (sp. gr. 1.84)* that 
had been cooled to the room temperature. After being shaken for about 
15 min. the reaction mixture was filtered through glass wool to remove un¬ 
changed material, and the clear filtrate was poured into ten volumes of 
cold water. A light yellow precipitate was formed. The liquid was al¬ 
lowed to stand for half an hour, after which the solid was removed by fil¬ 
tration, washed with a little cold water, and dried on clay plate. In 
this condition the product melted at 72 “-75 °, due to the presence of tri- 
nitro-m-cresol, probably. To show that the latter had been formed during 
the nitration, some of the filtrate obtained as above was extracted with 
ether, the ether removed by evaporation, and the residue dissolved in 
water and converted into potassium salt. The latter was twice crystal¬ 
lized from water and then decomposed by hydrochloric add. The free 
nitro compound was removed and crystallized from alcohol. It was 
melted with a sample of trinitro-m-cresol prepared in accordance with the 
method of Dudos, 1 without showing any depression of melting point. 
To show that the monobromomononitro compound could be easily and com¬ 
pletely converted into trinitro-w-cresol in a single operation, a portion 
was nitrated by varying the above method slightly. In this case the re¬ 
action mixture was warmed suffidently to bring all solid into solution, 
and when the latter was poured into water nothings was predpitated. 
Extraction with ether and purification as .described for the filtrate above 
gave a compound that melted sharply at 106 °, and that did not depress 
the melting point of a sample known to be trinitro-m-cresol. 

In order to secure the dinitro compound in a pure form, the crude prod¬ 
uct melting at 72 °~75 0 was converted into ammonium salt, and this was 
repeatedly crystallized from ammonium hydroxide solution. Orange 
colored crystals were obtained. 

0.2798 g, subs, gave 0.1802 g. AgBr; oak. for CyH* 0 »N*Br: Br * 27.22; found: 
2740 . 

A* portion of the pure ammonium salt was dissolved in water and then 
a alight excess of hydrochloric arid added. The free nitro compound 
that separated was collected on a filter, dried in the air, and crystallized 
twice from ligroin, 70°-8o°, It gave fine yellow needles that melted 
j&aqdy at 77 0 . 

0.1287 g. subs, gave 0.0868 g. AgBr; calc, for .CrHiO*NiBr: Br — 28.88; found: 
28.70. 

i{ Am. Ckm. (Litbitf, 141 (*839). 
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that has been described was further identified by the preparation wf «ts 
potassium salt. The other reason for preparing this salt was to secure 
material for the preparation of the ether mentioned below. The oak was 
easily obtained by dissolving the nitro compound in a slight excess of hot 
potassium hydroxide solution, from which the product separated hi scarlet 
plates which were further purified by a second crystallization from water. 

j 0.2» 49 g. tab. gave 0.1711 g. AgBr; calc, for CrHiOiNiBrK: Br « 25*391 found: 
*J*S. 

Stiver Soli of 4~BromO’2,6-dinitro-m~cresol. —The silver salt was prepared 
by «nriwg slightly more than the calculated amount of silver nitrate 
solution with a warm dilute solution of the potassium salt described above. 
Scarlet crystals of the silver salt formed rapidly. These were removed by 
filtration, washed with a small quantity of cold water, and then dried, 
ft may be noted that this salt is much more soluble in water than the silver 
salt of the mononitro compound, mentioned on a previous page. It was 
used in the preparation of the ethyl ether. 

Ethyl Ether of 4-Bromo-2,6-dinitro-m-cresol. —This ether was prepared 
for the purpose of securing a substance having the same composition and 
containing the same groups as the expected bromine derivative of the 4, 
6-dinitro-m-cresyl ether (p. 1500), which we were trying to obtain at that 
time* with the hope that a comparison of the properties of the two prod¬ 
ucts would enable us to decide the position of the bromine atom. Though 
the failure of bromine to react with the dinitro ether prevented the com¬ 
parison, it seemed worth while to report the preparation of the ether here 
described in order to call attention to the marked difference in the rates of 
reaction when the*silver salts of 4-bromo-6-nitro-m*cresol, and 4-baomo-2,6- 
dinitro-m-cresol, respectively, were brought in contact with ethyl iodide. The 
first named, as has been pointed out above, reacted very slowly; the sec¬ 
ond, as indicated below, reacted rapidly. Three grams of the silver salt of 
monobromodinitro-m-cresol were mixed with 30 cc. of dry ether, and then 
slightly more than the calculated amount of ethyl iodide was added. 
Vigorous action began at once, with considerable rise of temperatime, 
and the reaction was apparently complete in a short period (few minutes). 
Heating the mixture under a reflux condenser over a water bath caused 
no further change. The cooled mixture was filtered, the residue washed 
several times with small portions of dry ether, and the collected filtrate 
and washings shaken with a solution of sodium carbonate for the purpose 
of removing any free nitro compound. When the ethereal solution was 
placed k a distilling flask and the ether evaporated off, a brown, syrupy 
liquid was left This was cooled with ice, but it failed to give at^ idkld 
until allowed to stand for several hours in a vacuum desiccator. The 
brown solid finally obtained was crystallized from methyl alcohol, and gave 
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nearly colorless crystals that melted at 64^5 °. The substance becomes 
yellow colored when kept. It was easily soluble in other organic solvent3, 
but did not crystallize well from any but alcohol. 

0.2223 g. subs, gave 0.07S5 g. Ag (electrolyt dep ); calc for C#H* 0 *NjBr: Br « 
26.25; found: 26.16. 

The Action of Bromine on the Monobromo-6-nitro~m-cresol .—A portion of 
the monobromonitrocresol weighing 2 g. was dissolved in 15 cc. glacial 
acetic add, and the solution warmed slightly. To this, a solution of bro¬ 
mine in acetic add was added, and after being shaken for a few minutes, 
was cooled. No crystals of monobromo compound separated out. The 
liquid was poured, with stirring into six volumes of cold water, and gave 
a yellow predpitate. This was removed by filtration, dried, and,crystal¬ 
lized from alcohol. Long yellow needles that melted at 87 0 were obtained. 
When a mixture of this product and the 2,4-dibromo-6-nitro-w-cresol ob¬ 
tained by the nitration of 2,4,6-tribromo-rn-cresol was melted, the melting 
point was the same as that of dther product separately, which indicates 
that they are identical. In the monobromo compound under investiga¬ 
tion, then, bromine occupied position II or IV. 

Chlorination of the Monobromo-6-nitro-m-cresol ,—The first attempts to 
chlorinate this compound were made by passing chlorine into a gladal 
acetic add solution of the substance. The yield was poor and the prod¬ 
uct was difficult to purify. A much better result was obtained by using 
carbon tetrachloride as a solvent and dry pulverized iron as a “chlorine 
carrier.” Ten grams of the compound were dissolved in 290 cc. carbon tetra¬ 
chloride, and about 2 g. of iron added. One molecule of chlorine, gener¬ 
ated by dropping hydrochloric add on potassium permanganate, was led 
, into this liquid, while the flask was continually shaken. The temperature 
did not rise much above that of the room. At the end of the reaction 
the mixture was filtered through paper, and the dear filtrate reduced to a 
small volume by distilling off the carbon tetrachloride on the water bath. 
The dark colored residue was poured into a beaker and allowed to crystal¬ 
lize while the remainder of the solvent slowly evaporated. The solid 
weighed 11.2 g. and had a m. p. of 72°-75°. The compound dissolves 
readily in alcohol, and after four crystallizations from Jhat advent it had 
a constant sxl p. of So 0 . It can be puriffo} quite easily in the form of its 
potassium salt, which separates from water in the form of crimson rhombic 
crystals. A second crystallization in this way gave a product that was 
shown by analysis to be pure. 

0.3395 g subs, gave 0.3691 g. AgHal; calc for C?H 4 0 |NClBrK: Hal * 37.9a; 
found: 37.87. ^ * 

The free nitro compound, ^Sf^ tunied out to be 2 -chloro-4-bromp-i- 
mtroHM-ciesol, was obtained potassium salt described above 

by treatment of an aqueous sWMKteil Of the latter with hydrochloric arid. 
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Tire ydtfcw prec ipita te wad collected 00 a filter, washed with water, 'read* 
at ofice crystallized horn alcohol. It gave yellow needles that melted 
8o°. It should be noted that a mixture of this compound and dicfchwo* 
6-nitro-fn-cresol, m. p. 88 °, 1 in which the halogen atoms are probably 
in positions II and VI, does not melt below 8o°. 

6.2089 g subs gave 0.2584 g. AgHal; calc for CrHsOuNClBr: Hal ** 43.31; found: 
43.11. 

Hydrochloride of 2-Chloro-4^cmw-6<mino-m-cresol.-~+-Thc. nitro coat* 
pound under consideration was further identified by the preparation of 
the'corresponding aminohydrochloride. This was done in the manner 
already described, though it was found necessary to use much more *a§eo* 
hoi than has been required in the cases of other nitro compounds.* This 
was due to the fact that both the nitro compound and the hydrochloride 
are almost insoluble in the hydrochloric acid used to dissolve the staaactate 
chloride employed in the reduction. Consequently, unless enough alco¬ 
hol is used to hold all nitro compound in solution, at the boiling paint, 
even when it is diluted with an equal volume of an aqueous liquid, reduc¬ 
tion will not be complete, and the solid that separates when the mixture 
cools will contain both nitro compound and aminohydrochloride. The 
very slight solubility of the hydrochloride in water made it necessary to 
modify the method described above for purifying these compounds. 
This one was best freed from tin salt by treatment of its solution in dilute 
alcohol with concentrated hydrochloric add. The nearly colorless crys¬ 
tals that resulted were collected on a filter, pressed out on a porous plate 
and dried in air 24 hours, and then in vacuo , over potassium hydroxide, 
for 7a hrs. before analysis. 

0.2561 g- sabs, gave 0.4413 g. AgHal; calc, for C7H«ONCl*Br: Hal - 55.28; found: 
54.80.* 

2^kloro-4*bromo-6-amino-+n-cresol. —The free base was obtained by 
decomposing the hydrochloride with ammonium carbonate. After wash¬ 
ing with water and drying over night the base was crystallized from ben¬ 
zene. It gave nearly colorless scales that melted at I45°-I46°. With 
acetic anhydride it reacts very vigorously to give a derivative that 
tallized from alcohol in the form of long, colorless, silky needles that n w bwwt 
at 1919 0 . This substance did not dissolve in solution of sodium hydroxide 
except cm standing for several hours, and was regarded as a diacetyl com* 

1 Raiford and Baifd, Unpublished work. 

9 Am . Chem . 7 .. 46,(419 (1911). 

, * The low pi i.i'OOrts*. .of halogen was not regarded a* indicating an impure substance* 
because in a desrib related case (This Journal, 36, 678 (1914)) the same facts yrtfa 
noted, while hi that care, 4s in this, the free base (see below) obtained from the hydro* 
cfcferidfe was lshad by analysis to be pure. The explanation of the low percentage of 
hatogbn M him hydrochlorides is the probable loss of hydrogen chloride by dfesodatib# 
daring tbwSfyra*. * , t i 



4 -BXOKO^MKROm-< 3 tS 80 (. AMO SOME DSEJVATIVBS. 1 $Q 9 

pound. A portion of the free base was dried in vacuo far 24 his., and ana¬ 
lysed. 

0.2648 g. subs, gave03722 g. AgHal, calc for CrHyONCIBr Hal * 48 82; found* 
48 . 98 . 

Reaction of 2-Chloro-4-brotno-6-dfHino-m-cresol with Nitrous Acid .— 
1st order to secure further proof of the position of the bromine atom in 
the compound under consideration, it was proposed to replace (the amino 
group by chlorine, by means of the Sandmeyer reaction, and then try to 
cnidize the resulting cresol to the corresponding quinone. In such a case 
tile halogen para to hydroxyl would be lost, and identification of the qui¬ 
none would show whether chlorine or bromine occupied the p- position 
in the original substance. The preliminary attempts to diazotize the amine 
did not give satisfactory results. In the first place, the aminohydro- 
chloride with which we started is nearly insoluble in water, and particularly 
so in the presence of the relatively large amount of hydrochloric add neces¬ 
sary for the Sandmeyer reaction. Attempts to secure a paste by grind¬ 
ing the solid with water and acid did not give a homogeneous mixture. 
It was therefore found impossible to bring the sodium nitrite solution in 
contact with this material, and secure a uniform reaction, by agitating 
the containing flask in the usual way. This difficulty was further em¬ 
phasized by the fact that the product of the reaction (which was not a 
diazonium salt) was quite as insoluble in water as the compound with which 
we started. To overcome these unfavorable conditions, in a measure, 
the mixture of aminohydrochloride, water and hydrochloric add, after 
being rubbed into as smooth a paste as possible, was placed in a glass 
stoppered bottle; and after each addition of the sodium nitrite solution the 
bottle was removed from the cooling bath and shaken vigorously for sev¬ 
eral minutes. When, after such a mixing of the material, a test showed 
the presence of free nitrous add, a portion of the brown solid was removed 
by filtration, washed with water and dried. It decomposed suddenly 
when heated above 155 °. After two crystallizations from alcohol it was 
obtained in the form of brown needles that behaved as stated above. 
These properties indicated a diazo-oxide, and an analysis for halogen 
supported this view. 

0.1995 g. subs, gave 0.2673 g* AgHal; calc, for CrH^NjClBr: Hal *46.65; found: 
46.70. 

Behavior of the Diazo-oxide toward Cuprous Chloride Solution. —Por¬ 
tions of the mixture containing the diazo-oxide were transferred in the usual 
way to the amount of cuprous chloride solution commonly employed in 
the Sandmeyer reaction. The yield was poor, and the product was a mix- 
tS At that we did not succeed in separating. Only when 2.5 to 3.0 times the 
usual quantity of cuprous chloride solution was used, and when, After 
each addition of liquid containing the diazo-oxide, the mixture, contained 
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hra stoppered bottle, was vigorously shaken for several min u tes , w»* 
satisfaetory yield of fairly pure product obtained. Without these pre¬ 
cautions the diazo-oxide tends to float on the surface of the liquid and 
escape action with the cuprous chloride. After mixing, the liquid was al+ 
lowed to stand for half an hour, with frequent shaking, and was then 
distilled with steam. An oil that solidified partly in the condenser passed 
over. Cooling the receiving flask caused the entire product to solidify 
in the form of crystals that were slightly brownish in color. These were 
collected by filtration, and dried. The yield was about 65% and the 
substance melted at 63-64°. It was further purified by crystallization 
Item ligroin (7o°-8o°), from which it separated in pale, fawn colored needles 
that melted at 63°. It is but sparingly soluble in water, and the solution 
develops no color when mixed with ferric chloride. 1 It is readily soluble 
id solution of sodium hydroxide, and from this it is completely precipi¬ 
tated by carbon dioxide. It cannot be distilled at atmospheric pressure 
without decomposition. Analysis for halogen showed that it is a mono- 
bromodichlorocresol. 

0.3142 f. rube. gave 0.3986 g. AgHal; calc, for C»H»OClsBr; Hal » 38 90, found* 
59 * 17 . 

Oxidation of 2,6~DiMoro-4-bromo*n-cresol .—One gram of the cresol was 
dissolved in 30 cc. glacial acetic add, and the solution cooled as far as 
possible (to about io°) without causing solid to separate. To this liquid 
there was gradually added, with shaking, a cold solution of sodium di- 
ebrpmate and sulfuric add, and the mixture allowed to stand for half 
an hour. An equal volume of cold water was next added and the whole 
left for an hour. The quinone that subsided was removed by filtration, 
washed well with cold water, and dried. A yield of about 65% was ob¬ 
tained. In this condition the product melted at about 90°. After crys¬ 
tallization from ligroin (70-80°) it melted at 102 °, and a mixture of it and 
2,6-dichlorotoluquinone, obtained by oxidizing 2,4,6-trichloro-w-cresol 
In the manner described above, showed no depression. A small quantity 
of the substance was mixed with water and reduced by sulfur dioxide to 
the corresponding hydroquinone. # This melted at 171°, and did not de¬ 
press the melting point of 2,6-dichlorotoluquinone.* These facts, however, 
were not sufficient to establish, beyond question, the identity of the two 
products; for it has been found, as stated on a previous page, that in this 
group, at least, chlorine and bromine may replace each other without 
Co wi n g a change of melting point, and that the respective products may 
be mdted together without appreciable depression. Our product, there- 
fore, was analyzed. 

04575 g. wbi. gave 0.3378 C* AgQ; cafe, for CtH^OaCW: a - 37.14; found: 
37.33. 

1 See Am, them. 46,434 (2921). 

* *9,931 (*886). 



mm oh mxuano coxpoixnds. t$u 

■a 1 Summary. 

•« When 6-mtro-m-cresol is brominated in acetic add solution, a 
mixture of 4-bromo-6-nitro-w-cresol and 2 } 4-dibromo-6-nitro-m-cre8ol 
is formed. The difference in solubility of these two products in acetic 
add permits of almost complete separation by filtration of the reaction 
mixture. 4-Bromo-6-nitro-w-cresol, which had not previously been de¬ 
scribed, has been studied and its structure established. 

a« The ortho positions of the hydroxyl and nitro groups in the mono- 
mtrodibromo-m~cresol (m. p. 87°) obtained by nitration of 2,4,6-tribromo- 
m^cresol 1 have been confirmed. 

3. When 4-bromo-6-nitro-w-aesol is chlorinated in the presence of 
iron, chlorine enters position II, that is, between methyl and hydroxyl. 

4. Treatment of 2 >chloro-4-bromo-6-amino-w-cresol with nitrous add 
gives a diazo-oxide that will react with cuprous chloride to give a trihalo- 
genated cresol. 

Chicago, III. 

THE ACTION OF CHLORAL, CHLORAL HYDRATE AND BROMAL 
ON CERTAIN ORGANIC COMPOUNDS IN THE PRES¬ 
ENCE OF ALUMINIUM CHLORIDE. 

By G B. FraxkfokTbr and W. Kritchevscy. 

Received M*y 13, 1914. 

Part x. 

The following pages are devoted to a new phase of the Friedel-Crafts 
reaction. This unique historical reaction* represents one of a series of 
chemical changes commonly classed under catalysis. Catalysis may be 
best defined as a chemical change, either analytic or synthetic, brought 
about by the influence of a substance but without that substance entering 
permanently into the reaction; or, as stated by Ostwald, an increase in 
the reaction velodty beyond the normal by some substance which does 
not enter the reaction. 

As is well known, many of the true organic condensation processes 
are brought about by one of two common reactions, namely, the Friedel- 
Crafts and the Baeyer reaction, the one acknowledged as purely catalytic, 
eliminating hydrochloric add—the other, perhaps dehydrolytic, elimina¬ 
ting water. It will be shown in this paper that although these two re¬ 
actions have been regarded as separate and distinct in their behavior 
ewer since they were discovered by the men whose names they bear, they 
do, in many cases, act alike; for aluminium chloride not only plays the 
part of a catalyst in breaking off hydrochloric add, but it also acts as a 
substitute for sulfuric add, removing water from the reacting components. 
1 J. prakt. Chem., [a] 6x, 561'(1900); Am. Chml J., 46, 426 (1911)* 

* Compt. rend., 84, 1393 (1877); Ann. ckm. pkys., [6] 449 (1884). 



It may be of some historic interest to note that Playfair was doubtless 
the first to show the catalytic properties of al umi n ium. He found that 
if a piece of calico dyed in indigo be dipped in nitric add, no change 
ts kes place; but if the nitric add contains a mere trace of an al u m inium 
salt, the blue color is immediately destroyed . 

It was found by Friedel and Crafts that, when small quantities of an¬ 
hydrous aluminium chloride were added to amyl chloride, a vigorous re¬ 
action took place, liberating hydrochloric add, at the same time forming 
hydrocarbons which did not absorb bromine. The reaction seemed 
deep seated, but one of the compounds formed was a hydrocarbon of the 
general formula, C n H 2n +2> thus indicating that a different hydrocarbon 
of the same group had been formed. Finally, when the above reaction 
was made to take place in the presence of a hydrocarbon, a compound 
consisting of the hydrocarbon and the amyl radical was formed. By sub¬ 
stituting other halides, as methyl or ethyl chlorides, homologous com¬ 
pounds were formed. No definite explanation was at first given. The 
reaction was so unusual that the discoverers seem to have been content to 
accept the reaction as fact and wait for more data before attempting an 
explanation. 

In addition to the work of the authors themselves, Gustavson 1 did 
much toward an explanation of the reaction. He showed that organic 
aluminium compounds of unstable nature are formed and that these com¬ 
pounds readily break down, liberating the condensed hydrocarbon with 
the reformation of aluminium chloride. 

Since Friedel and Crafts’ first experiments with aluminium chloride, 
chemists have used it in many different ways for bringing about different 
chemical changes. Thus, Scholl and Seer 2 showed that anhydrous alu¬ 
minium chloride in many cases actually breaks off hydrogen instead of 
hydrochloric acid, as may be shown by the following equation: 

CjHu + A 1 2 C 1 6 ~ C&Hio + H 2 + AliCle 

They did not attempt to explain this reaction, but, from organic aluminium 
compounds which we have had in hand, it seems quite probable that the 
first substance formed is an aluminium compound as indicated by the 
following equation: 

C*H» + A 1 .CU « QHuAbCl* + HC 1 

Then the hydrogen ion of the acid breaks the aluminium alkyl down, 
liberating the hydrogen and reforming aluminium chloride according to 
the following equation; 

CtffuAliCU + HC 1 * C&Hio + AljCh + H* 

1 Bull , soc . cWm., 41,3*5 (1884); Ber „ 13,157 (1880). 

1 MmutisK 33 , 1 (1911). 
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Page 1 few recently shown that anhydrous ahunumim chloride possesses 
the power of transferring chlorine to organic compounds. In a very few 
cases, we have suspected it of having similar properties, although the evi¬ 
dence at hand is not entirely conclusive. 

Another reaction which is more or less closely related to those described 
below, is the synthesis of anthraquinone from phthalie anhydride and 
benzene, by means of aluminium chloride and sulfuric acid. At first 
glance the chloride might be regarded as a dehydrating agent. A care¬ 
ful examination will show, however, that the reaction brought about by 
aluminium chloride is not condensation at all but an addition reaction, 
dehydration being brought about by means of concentrated sulfuric acid, 
as may be shown by the following equation: 



-1- CtHt + Al,Cls 


c.h/^ x:.h 4 + AiiCu 

X COOH 


The final reaction in which a molecule of water was removed was brought 
about by means of sulfuric acid: 

~o N 




+ H*S 0 4 - C<h/ + H |0 + H^ 0 4 

COOH X C(X 


Experimental Part. 

The first experiments in which it was observed that aluminium chloride 
had dehydrating properties were made by one of us and Poppe* with 
pinene, chloral and aluminium chloride. These substances, when brought 
together at the ordinary room temperature undergo an extremely com¬ 
plex reaction, forming, as one of the condensation reactions, substances 
which do not contain oxygen. It was naturally inferred that in this 
part of the reaction, pinene and chloral must have combined through the 
elimination of water. Just how the reaction takes place has not yet 
been determined with absolute certainty. The natural inference is, 
however, that aluminium chloride in some part of the reaction plays the 
part of a dehydrating reagent. Following out the assumption that water 
is eliminated from pinene and chloral by aluminium chloride, the various 
groups of organic compounds were substituted for pinene. In each case- 
theory became fact, for in each case the chloride acted as a plain dehydra¬ 
ting reagent. 

Our first experiments with anisol and phenetol, chloral and aluminium 
chloride showed, as was suspected in our work on the terpenes, that the 
latter acts exactly Hke concentrated sulfuric add in removing a molecule 
of water and forming a trihalogen condensation product. Some of this 
1 Ann i, sag* 196 (18S4). 

s ‘Contribution to Our Knowledge of the Terpenes; Frankfqrter and Poppe. Read 
before International Congress of Applied Chemistry, New York, i pis. 
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week* of compounds hadbeen previously prepared by the Banner or*ul~ 
fttrie acid reaction. None, however, had been prepared by means of 
afammium chloride. In fact, a number of these ether derivatives mete 
prepared for the first time by the aluminium chloride method and reported 
by us at the Eighth International Congress of Applied Chemistry at New 
York, 19x2. 

Experimental work soon showed that this peculiar action of aluminium* 
chloride is by no means confined to the phenol ethers. On the contrary 
it appeared to be almost as universal in its application as a dehydrating 
reagent as sulfuric add. We have used it in preparing condensation prod¬ 
ucts of the aliphatic, the benzene, the naphthalene and the anthracene 
series, not only with chloral but also with chloral hydrate and bromal. 

General Method of Preparation .—In the preparation of the compounds 
which appear in this paper, the reactions were practically all brought about 
in the same manner. The two reacting components were first mixed 
and after cooling to zero or below, aluminium chloride was added in small 
portions and the whole allowed to stand for 24 to 72 hrs. in a freezing mix¬ 
ture. In each case the reaction seemed to have been completed within 
the above mentioned time limits. After the reaction had been completed, 
the whole mass was washed with water and distilled with steam in order 
to remove the unchanged reacting components. The condensation 
product was, in most Cases, removed by extracting with ether from which 
it usually crystallized. Those substances which refused to crystallize 
from ether were invariably found to crystallize from chloroform or alco¬ 
hol* In a very few cases the substance could only be obtained in a semi- 
crystalline form, in which case the constant melting point was regarded as 
sufficient evidence that the substance was pure enough for analysis. In 
a few cases the substance had to be distilled in vacuo before it would 
crystallize from ether, alcohol or any other organic solvents. 

Condensation of the Aliphatic Hydrocarbons , Chloral and Aluminium 
Chloride . Pentane and chloral react vigorously when brought together 
in the presence of aluminium chloride. So extremely violent is the re¬ 
action that, even at a freezing temperature it is complex, giving as a* re¬ 
sult several substances, none of which has been obtained quite pure enough 
for analysis. It is evident, however, that the condensation reaction 
takes place eliminating a molecule of water. This and other experiments 
with the aliphatic compounds are under investigation. > 

Condensation of the Aromatic Hydrocarbons, Chloral and Alummtm 
CWofwfs.-—Tt was found that the aromatic hydrocarbons, when treated 
with chloral in the presence of aluminium chloride, formed the same 
condensa t ion products obtained by other condensation reagents. Thus, 
benzene, toluene and 'xylene gave their own characteristic condensation 
compounds according to the common equation: 
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*RH 4- OCH—CCU + AUCU - R*€H — CCU + H *0 + AUCU, 
when R represents the phenyl, toluyl and the xylyl groups. 

It should be stated here that benzene, chloral and aluminium chloride 
have recently been studied, but different investigators have obtained 
entirely different results. Thus, Combes, 1 by treating iooog. of benzene 
with 200 g. of chloral and 40 g. of aluminium chloride, obtained an ex¬ 
tremely complex reaction. No less than four different substances were 
isolated: 

1. Diphenylchloral hydrochloride, (CbHb^CH-CCUHCI (liquid with an 
aromatic odor). 

2. Diphenyldichloroethane, (Cal^aCHCHCla, solid, m. p. 74 

3. Compound of unknown composition, C22H17CI, solid, m. p. 83°. 

4. Tetraphenylethane, (CeHsJaCH-C^CeHs)*. 

Biltz* obtained the following results by treating benzene and chloral 
with aluminium chloride: 

1. Tetraphenylethane, (CflH 8 )2CH-CH(C«H 6 )t, solid, m. p. 207 °. 

2. Diphenyldichloroethylene, (CbHs^C = CC 1 2 , solid, m. p. 80°. 

3. Triphenylvinyl alcohol, (C 6 H5) 8 C = C(OH)CflH 8 , solid, m. p. 136°, and 

a substance of unknown composition with a melting point of 233 °. 
Boeseken 8 very recently (since an abstract of this paper was read at the 
8th International Congress) repeated the work of Combes and Biltz. 
He explained the reaction by assuming that diphenylmethane and chloro¬ 
form are formed. This work was not absolutely proven, as he himself 
states. 

Of equal interest, along this line, is the work of Dienesmann, 4 who, 
upon treating 1000 g. of benzene with 200 g. of chloral and 40 g. of alumin¬ 
ium chloride in the cold, obtained a reaction which he expressed as foi- 

teWS: C.H, + 0 CH-CC 1 * - C«Hj(OH)CH-CCl* 

In other words, Dienesmann obtained the aldol reaction in which a sec¬ 
ondary alcohol is formed. It is interesting to note that this compound 
is doubtless the same which Jotsitch 5 obtained by means of the Grignard 
reaction. 

Dienesmann’s reaction is of special interest because'he worked under 
conditions somewhat similar to those under which we have worked. 
The results obtained, however, were entirely different. This is rather 
strange, because the only difference in the experimental work seems to be 
the fact that he took a large excess of benzene while we took exactly two 
1 Bull., 45, 226 (1886). 

* 1952 (1893)- 

1 Chem. Zentr., ipia, I, 897. 

4 Cmpi, rend., 14*1 201 (1905). 

1 7 . Phys. Chem. Soc., 34, 96 (1902). 
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He kept the reactfog snbstenoes cool (lie doe* not state bow 
cool) while we kept the temperature down to zero or below. In our ex# 
pertinents the aldol reaction did not take place and the secondary alcohol 
was therefore not formed. On the contrary, we obtained a simple condense 
tion reaction. r 

A glance at the Dienesmaim reaction will show that it represents what 
one would expect from either the Friedel-Crafts or of the Grignard reart* 
tion. It is at least interesting to note that we have obtained quite differ* 
ent results from those obtained by Dienesmann by simply changing the 
conditions under which the reaction takes place, namely, changing the 
proportions of the reacting components and the temperature. From the 
important work of Dienesmann and from the experiments which follow, 
it is evident that aluminium chloride, under one set of conditions, acts as 
a simple catalyst, while under different conditions it plays the part of a 
dehydrating reagent. 

The following table will show the relationship between the Grignard, 
the Friedel-Crafts and the Baeyer reactions as compared with the one 
given in this paper. 

Grignard 

C.H. + Mg + I, + OCH-CC 1 , - C«H,CH(OH)CCIb + Mgl* 

Fritdei-Crafts 

C.H. + OCH-CC 1 * + AlsCU - C#H*-CH(OH)CC 1 * + A 1 ,C 1 . 

Baeyer. 

*C#H« + OCH-CCU + H*SO* « (C*H,),CH-CC1, + H,0 + H*S 0 4 

Frankforter-Kritchevsky. 

aC*H fl -f* OCH-CCla + Al,Cle - (CeH 8 )CH-CCl, + H.O 4 - A 1 .C 1 , 

Benzene, Chloralhydrate and Aluminium Chloride .—Benzene reacts with 
chloralhydrate in the presence of aluminium chloride almost as vigorously 
as does pentane, so that it was also necessary to bring the reaction about 
at a low temperature. The first experiment was carried out as follows: 
50 g. of pure benzene (2 mol), 57 g. of chloralhydrate (i l / 4 mol) watt 
cooled down to zero, and with constant shaking 10 g. of aluminium chloride 
added piecemeal. As in the case of pentane, hydrochloric add vrm 
liberated and the whole changed to a light blue color. After allowing it to 
stand for 48 hrs. the whole mass was poured into water and distilled wfth 
steam. The unchanged benzene passed over with the steam. It < was 
found that only a comparatively small quantity of benzene had been 
upon by the chloralhydrate as most of the benzene was recovered and tfap 
residue appeared to be unchanged chloralhydrate and aluminium chlqridfe 
The experiment was repeated, using the same amounts of benzene and 
chloralhydrate but increasing the aluminium chloride to one-half mole¬ 
cule. Again a considerable quantity of the benzene remained unchanged. 
There was left in the flask, however, in addition to the chloralhydrate and 
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aluminium chloride a thick black oil which did not appear in the first ex¬ 
periment, but the amount was too small for further investigation. 

The above experiments were again repeated, using a large amount of 
aluminium chloride in order to show whether or not the quantity of chlor¬ 
ide in any way changed the reaction. The same amounts of benzene 
and chloralhydrate were taken but the aluminium chloride was increased 
to 175 g., and added piecemeal as before, to the cooled benzene. During 
the adding of the chloride, which extended over four hours, the tempera¬ 
ture was not allowed to rise above zero. Again, a large amount of hydro¬ 
chloric arid passed off and the whole mass changed, taking on a deep blue 
color. After all the chloride had been added the whole mass was allowed 
to stand 48 hrs. in a refrigerator. During this time more hydrochloric 
arid was liberated. Ice-water was then added and the mixture allowed 
to stand for some time. The whole was finally distilled with steam. 
The steam distillate contained only a small amount of benzene and a 
small quantity of an oil which had a higher boiling point than benzene, 
thus indicating that the increase of aluminium chloride had increased the 
reaction. The residue in the flask, consisting of a thick, dark oil, was 
washed with water and extracted with ether. The ether solution had a 
deep greenish fluorescence. The mixture, containing both the ether and 
aqueous solutions, was washed with sodium hydroxide and finally with 
dilute hydrochloric acid. The ether solution was then separated from 
the aqueous part, dried over calcium chloride and the ether allowed to 
evaporate. The residue left, after evaporating off the ether, was a black, 
oily liquid. An examination indicated that it was a mixture of several 
substances. In order to separate them the oil was subjected to fractional 
distillation tn vacuo. The first part of the distillate passed over almost 
colorless at 180° and 55 mm. pressure. It had a distinctly aromatic odor. 
It was soluble in all the common organic solvents, but refused to crys¬ 
tallize from any of them. It Was carefully studied and analyzed. Both 
physical properties and analysis correspond exactly with the compound, 
C«HiCClr-CHO.HCl, which Combes 1 prepared. In this part of the 
reaction, therefore, aluminium chloride apparently played the part of a 
catalyst as indicated by the following equation: 

* C.H, + CCUCHO + A 1 ,C 1 « * C«H,-CCl,CHO.Hfcl + 

Fractional distillation was continued when the second part distilled 
over between 220 0 and 245 °. Most of it solidified in the condenser in 
the form of fine crystals. It was removed and recrystallized from alcohol 
and ether. After crystallization, it appeared as well-formed, transparent 
crystals with a melting point of 63-64°. It corresponds exactly with di- 
phenyltribhlorethane, (QHi)j^CH-CCU, whidh Baeyer* obtained by the 

‘ Bull., 45, 226 (xSSO). 

*Ber, 5, 1098 (1S73). 
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coodkomtkm of bmwebe with chloral by ateaas of concentrated sulfuric 
add. Analysis also confirmed the reaction. * 

It is evident from the results obtained that ahumnium chloride played 
a double role. In the formation of the above-mentioned hydrochloride, 
its action is not unlthe the Friedel-Crafts catalysis. In the formation 
of the diphenyl compound, however, it acts exactly like concentrated sul¬ 
furic add. 

Toluene, Chloral and Aluminium Chloride. —It was found that chloral 
reacted with toluene in the presence of aluminium chloride, forming a 
condensation product similar to its reaction given above with benzene. 
300 g. of toluene were treated with 300 g. of chloral and 175 g. of alumin¬ 
ium chloride under the same conditions mentioned under benzene, and 
finally distilled in vacuo. An oil passed over at 170-180° under 30 mm. 
pressure with some hydrochloric add. The oil was dissolved in a mix- 
ture of alcohol and ether and allowed to stand, when well-formed, trans¬ 
parent crystals separated out. Recrystallized, it had a m. p. of 88°. 

Analysis gave the following C, 61 20, H, 4.82, and Cl. 33.5. 

These analyses, with the physical properties of the substance, leave no 
doubt that it is p-ditoluyltrichloroe thane, (CHs-CeH^sCHCClg, prepared 
by Fischer from toluene, chloral and concentrated sulfuric acid. 

p-Toluyldichloroacetaldehydehydrochloride. —During the process of dis¬ 
tillation in preparing the ditoluene compound, an oil passed over in addi¬ 
tion to the crystals already described. It was carefully studied and found 
to be a homolog of the Combes benzene derivative. It therefore has 
the following formula: 

CHs.QHi-CCltCHO.HCl. 

We are unable to satisfactorily explain the structural formula of this 
peculiar ccftnpound, the benzene derivative of Which was prepared by 
Combes, 1 who represents the one which he isolated by the above general 
formula. We hope in the near future to carefully study the structure 
of these peculiar compounds. 

Xylene, Chloral and Aluminium Chloride. —Following the same process 
used in the preparation of the benzene and tcfiuene condensation products* 
xylene was treated with chloral in thepresence of aluminium chloride. 
One hundred grams of xylene, 98 g. ehkxdl and 80 g. of aluminium chloricfe 
were brought together as in preview experiments, and finally distilled 
in vacuo . A perfectly dear oil withbfe aromatic odor distilled over between 
190 and 330®. at 35 mm* pressure. It readily changed over to crystals, 
which, after ^ftj^ystallization fmm alcohol, had a melting point of 106°. A 
careful examination, including analyses, showed that the substance was 
identical with m-dix)%ttrichIoroe thane prepared by Bibs from xylene 
dhferal and sulfiuic add. In this case, however, only one substance, the 
* Loc. cU. 
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one mentioned above, was fortned. Hence, aluminium chloride did not 
play the role of the Friedel-Crafts catalytic agent. 

Cymene, Chloral and Aluminium Chloride .—Cymene was also treated 
in the usual way with chloral and aluminium chloride, but was found to 
react quite differently from any of the other hydrocarbons, doubtless owing 
to its peculiar relationship to the terpenes. 50 g. of cymene (2 mol), 
30 8 g. of chloral and 25 g. of aluminium chloride were brought together 
under exactly the same conditions as in the other hydrocarbons, and finally 
subjected to fractional distillation under diminished pressure. 

The first distillate which passed over was a thick liquid at 220° and at 
33 mm. pressure. The product, before subjecting to distillation, was 
doubtless an organic aluminium compound, which was found to be solu¬ 
ble in both alcohol and ether but which refused to crystallize from either. 
The distillate contained no aluminium and only a trace of chloral. It 
proved to be an unsaturated compound absorbing bromine with great 
avidity. None of the derivatives formed, however, could be obtained in 
pure enough form for analysis. 

Condensation of Alcohols, Phenols and Phenol Ethers with Chloral, 
Chloral Hydrate and Bromal by means of Aluminium Chloride. 

Alcohol , Chloral and Alutmmum Chloride .—When alcohol and chloral 
are brought together the temperature rises, and as is already known, a 
liquid is formed which may be easily identified as trichloroacetal. As 
we were especially interested in the chloral reactions which take place in 
the presence of aluminium chloride, the following experiment was tried: 
Seventy grams of absolute alcohol were placed m a flask and cooled down 
to below zero by ice-water and ammonium nitrate; 100 g. of chloral and 
23 g. of aluminium chloride were quickly added and vigorously shaken. 
A turbid mass indicated that the reaction which had taken place was the 
same as that which takes place with alcohol and chloral alone. However, 
when the chloride was added under ordinary conditions, the temperature 
rose and hydrochloric acid was liberated. By adding 70 g, more of the 
chloride and allowing to stand for 48 hours, the reaction appeared to have 
entirely changed. The mass thus treated was poured into ice-water and 
the insoluble part and extrac^dl^jf^h ether. The extract was dried with 
calcium chloride, the ether eyaj^j^ted off and the residue subjected to 
fractional distillation. A small passed over below the boiling point 
of ether. It had a sharp pungent pdor. The second distillate was easily 
recognized as common acetaidel^d*' Then some ether passed over and, 
at about 100 °, chloral hydrate. After the above substances had been re¬ 
moved, the temperature rapidly rose to $70-?op 0 , when a distinctly aro¬ 
matic oil »di$tilled over. After redistillation, it boiled at 197 °« It had 
the general physical properties of trichloroacetal. 
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*' 'Vtte quantity of aottaldebyde twfd indfaftte that chloral 

acts as an oxidizing agent. 4 

We were somewhat surprised to find that the trichbroaoetal formed in 
this motion did not possess aU of the properties generally ascribed to it. 
It may be of interest here to note that an isomer of trichtoroacetal was 
Obtained by Lichens. 1 It is not impossible that the above substance 
is the one which Liebens describes. 

Beneyl Alcohol, Chloral and Aluminium Chloride .—The reaction be¬ 
tween benzyl alcohol and chloral is less energetic than between common 
alcohol and chloral; so much so, in fact, that the reaction may be brought 
about at the ordinary room temperature. The reaction was brought 
about as follows; 75 g. of benzyl alcohol, 50 g. of chloral and 45 of alu¬ 
minium chloride were brought together* at room temperature. The action 
began immediately. Hydrochloric add was liberated and the whole 
mass changed to a chocolate-brown color. The mass was allowed to stand 
for 34 hours and then treated with water in order to remove the unchanged 
chloral and the aluminium chloride. The residue was then distilled 
with steam. That which passed over was extracted with ether, the latter 
Removed and the extracted substance subjected to distillation. Most of 
it passed over at 173 d and was identified as benzaldehyde. It would ap¬ 
pear, therefore, that chloral in this particular case acts as an oxidizing 
reagent, changing the benzyl alcohol to the aldehyde. 

The mass which remained in the flask was extracted with ether, the ethe¬ 
real solution washed with water, dried, and the ether removed by evapora¬ 
tion; the residue was then subjected to distillation. It distilled over at 
from 130-300°, thus indicating by the variable boiling point that the sub¬ 
stance is a mixture of two or more compounds. It is a liquid at the ordi¬ 
nary temperature. It proved to be organic, but it contained a large 
atnount of chlorine. It also gave the aldehyde reaction. In order to ob¬ 
tain it in a pure enough form for analysis it was again subjected to dis¬ 
tillation. Unfortunately, we were unable to obtain a substance with a 
constant boiling point. As this substance is of considerable interest 
it has been set aside for further investigation as soon as time will permit. 

Phenol, Chloral and Aluminium Chloride .—Forty-nine grains of phenol, 
40 g. chloral and 35 g. of aluminium chlbride were brought together under 
conditions already mentioned, and allowed to stand for two days at freez¬ 
ing temperature. Hydrochloric add gas was liberated m large quantities. 
The whole mass was then treated with water and finally distilled with 
Steam. That which was left in the distilling flask was a reddish brown, 
waxy mass with a distinct phenol odor. The waxy substance was thor¬ 
oughly washed with water. The odor of phenol slowly disappeared 
and die substance changed to a semisolid. The substance thus purified 
1 Ann., 104,114 (1837). 
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was qrite soluble in alcohol and ether, from which it refund to erys- 
talHze. Benzene, dissolved a part readily, while a part was quite insolu¬ 
ble. The insoluble part appeared as a fine crystalline powder* The 
substance was filtered off, washed with benzene, was finally recrystallized 
from acetic add, in which it is very soluble. Thus purified, the substance 
melted at 212° and analyses gave numbers which correspond to p-di- 
hydroxydiphenyltrichloroethane, which was obtained by ter Meer 1 by 
treating chloral and phenol with concentrated sulfuric add. To prove 
the constitution, however, the compound was converted into an acetyl 
derivative which had a m. p. of 138°—the same which ter Meer found for 
the substance obtained from sulfuric add. The part which was soluble 
in benzene is a dark brown, resinous powder which contains chlorine. 
This substance is new and is now being studied. 

Diresorcyldichloroethylene .—Resorcin and chloral, when brought together, 
do not combine with each other, but the chloral is absorbed by the solid 
resorcin forming a solid mass. The substances were therefore first dis¬ 
solved in carbon disulfide before adding the chloride. Twenty-five 
grams of resorcin and 20 g. of chloral were dissolved in 200 g. of carbon 
disulfide and 20 g. of aluminium chloride cautiously added. The conden¬ 
sation product was purified by treating with water and steam and finally 
from alcohol and acetic acid. The substance thus purified was a brown 
powder with an unpleasant odor. It contained a considerable quantity 
of aluminium. It attacked the eyes vigorously. As results were not very 
satisfactory the three substances were brought together in different pro¬ 
portions. Twenty grams erf resorcin, 40 g. of chloral and 15 g. of aluminium 
chloride were brought together as indicated above. After thoroughly 
purifying, the substance appeared as a light brown powder without odor. 
It contained some inorganic matter, presumably aluminium chloride. 
It was purified by dissolving in alcohol and reprecipitated with dilute 
hydrochloric add. By repeating this process several times the powder 
was obtained practically free from aluminium. 

Analysis gave: C » 53.63, H * 3.30, Cl -» 22.77. Calc, for CCl«(C«H»(OH)2)a: 
C ** 53 83, H « 3.21, Cl * 22.44* 

T etracKetykliresorcyldickloroethylene. —In order to determine the number 
of hydroxyl groups in the above resorcyl derivative ii was treated with 
acetic anhydride and the substance thus formed purified and analyzed. 
Five grams of the resorcyl compound, 5 g. of dry sodium acetate and 25 
g. of acetic anhydride were heated to boiling for three hours. The excess 
of anhydride was changed to the ester with alcohol and ester distilled off. 
The light brown powder was left, which, on examination, appeared to be 
the pure acetic ester. 

Analysis gave* Cl • 14 70* Cate.’: Cl■* 14 37 * 

1 Ber , 7, 1200 (iS74)- 
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wtur prepared in the following nUUmer: kx> g. of anisol (2 mol), fid g. 
of chloral <**/* m®4) awe brought together and -cooled to o°. Twelve 
grams of aluixikuuin chloride were added in small portions and with ft& 
quent shaking. The mass became thick and changed to a dark green 
odor. It was kept at a freezing temperature far 24 hrs. After the ex* 
cess of chloral and aluminium chloride had been removed by means of 
warm water, the substance was purified, first by steam distillation and 
finally by crystallization from hot alcohol. After recrystallizing several 
times the substance appeared as thick, shiny, transparent crystals. They 
were soluble hi nearly all of the common organic solvents and had a melt* 
lag point of 78°. 

Analyses checked for the formula, (CHfOQH^t « CHCO*. 

Bibs is supposed to have prepared this substance by condensation of 
anisol and chloral hydrate by means of concentrated sulfuric add. The 
Bibs substance, appeared at first to be a different compound from the one 
given above, inasmuch as he gave the m. p. as 92 °. In carder to determine 
Whether or not the two substances are really the same, Elbs’ experiment 
was repeated. As a result crystals were obtained which were identical 
with those obtained with aluminium chloride. The crystals did not have 
the m. p. 92°, as given by Elbs, but 78°, the same as the compound ob¬ 
tained with aluminium chloride. 

In order to study the constitution of dianisyltrichloroethane more 
fully, it was reduced by means of zinc. Ten grams of the compound were 
placed in a flask connected with a reflux condenser with 100 cc. of alcohol. 
Ten grams of zinc dust, .together with strong alcoholic ammonia, were 
added and the whole mass heated on a water bath for sixteen hrs^ The 
insoluble substance was then filtered off and the filtrate allowed to stand 
when fine needle-shaped crystals separated out with a melting point of 
2ia°, the same that Kopp 1 and Weichell* obtained far pnlimethoKystil- 
bene. 

DianisyldichloroetkyUne. —This substance was obtained by treating 
dianisyltrichloroethane prepared from anisol, chloral and aluminium 
ddoride with alcoholic potash. The experiment was carried out as follows: 
15 g. of the anisyl compound were placed in a flask and heated with alco¬ 
holic potash on a water bath connected with a reflux condenser for 12 
hours. At the end of that time the alcohol was evaporated off and the 
inorganic substance removed by warm water in a separatory funnel. The 
dhmkyidichlMDethylene was then dried and recrystallized from hot alco¬ 
hol. The m. p. was 109°. 

Analysis gave the following: O - 22.5s. Gala, 22.7a. 

1 Hsr*, ag, 603 
1 Aon., 279, 341 (1894) 
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- 0 <*OMtr$di<mi$yltrichlw octonitro compound Was easily 

prepared by treating the diamsyltrichioroethane with fuming nitric add< 
Five grams of diamsyltrichioroethane were brought in contact with 50 
cc. of fuming nitric add alter first being cooled down to o°. The add 
was added slowly and the whole allowed to stand over night. The whole 
mass was then poured into water when the nitro compound separated 
out. It was purified by crystallizing from alcohol. The substance thus 
obtained was a beautiful light yellow, felt-like mass of crystals. The 
m. p. was 173 0 . 

Analysis gave the following. N » 15 89. Calc., 15.95* 

Pkenetol , Chloral and Aluminium Chloride.-Chloral reacts with phene* 
tol in the presence of aluminium chloride, forming analogous compounds 
to those already described with anisol. 

Diphenetyltrichloroethane. —Fifty grams of phenetol, 50 of chloral and 
10 of aluminium chloride were treated according to the general method 
already described. After the reaction was completed the compound was 
removed, excess of the reagents removed by means of water and finally 
recrystallized. The substance obtained proved to be colorless, hexagonal 
crystals with a sharp m. p. of 105 °. 

Analysis of the dried substance gave the following: 

Found: C « 57.4, 57 551 H « 5 33, 4 60; Cl — 28 59, 28 44. Calc.: C » 57*951 
H — 5 09; Cl — 28.42. 

As the substance proved to be of unusual interest, we undertook to 
prepare it by using concentrated sulfuric add, assuming that we should 
find, in this case, exactly what we found in the case of anisol, that the same 
identical substance is formed whether the reaction is brought about with 
aluminium chloride or concentrated sulfuric add as a condensation re¬ 
agent. We obtained with sulfuric add beautiful transparent crystals 
which, after crystallizing from alcohol, melted at 104°» the same as the 
compound prepared from aluminium chloride. 

Diphenetyldichloroethylene. —This compound may he easily prepared 
by heating diphenetyltrichloroethane with alcoholic potash. The dichloro 
compound was purified from hot alcohol. It crystallizes in fine needles 
and melts at 97 °. The crystals are soluble in all the common organic- 
solvents. 

Analysis gave the following: Cl — ao.96. Calc . Cl • 20 84. 

p-Diethoxystilben. —This compound was prepared by reduction of the 
diphenetyldiehloroethykne with zinc dust and alcohol and ammonia. 
The compound crystallizes in fine needles. It is moderately soluble in 
benzene but hwith difficulty in all other organic solvents; m. p. 207°. It 
is identical with tike compound prepared from dtphenetyldichloroethylene 
which Wfechei prepared by an entirely different method. 

OctonitrodiphenetyUrichloroethane. —Five grams of diphenetyitrichloro- 



ctfemc were tented mhh £0 «c. *f fumiag nitric «ddet £fm«uw tempexa- 
ture far hnt, st which time the reaction teemed to be complete. Tie 
meat was then pouted into water, the precipitation removed by filtration, 
teethed and recrystaUired from hot alcohol. The substance consisted of 
fine yeUowiah needles which melt at 137 °. 

Pound: C — 19.4s, H « i.65,N - is-86. Calc.: C - 39 47. H *> 1 .jo, N m 

13.28. 

DipkenetykribronuHthane .—Fifty grams of phenetol (2 mol) and 57 g. 
(1 mol) of bromal were brought together in a liter flask and cooled down 
too°. Ten grams of aluminium chloride were slowly added and the mixture 
vigorously shaken after the addition of each portion of chloride. It 
changed to a dark green syrupy liquid. After standing 24 hrs. in ice- 
water the whole mass was purified by washing with warm water and finally 
with steam. The partially purified mass was then crystallized out of hot 
atoohol in yellowish crystals with a m. p, of 112°. 

Analysis of the dried substance gave the following: 

Found: C ■» 42 89. H • 3.81, Br - 47 41. Calc C ■* 42,60, H « 3.75, Br - 
47 . 33 . 

OcUmitrodiphenetyltribromoethane .—Eight grams of diphenetyltribromo- 
ethane were cooled down to o° and 60 cc. of fuming nitric add very slowly 
added. After standing in the freezing mixture for 20 hrs., the whole mass 
was poured into ice-water, the predpitate removed, washed and crys¬ 
tallized from hot alcohol as yellow crystals, with a sharp melting point 
Of 153 The substance proved to be analogous in every way to the octo- 
nitrodiphenetyltrichloroethane. 

Found: N - 13.08. Cak.iN « 12*92. 

As the above-mentioned nitro compounds were easily obtained in 
such r em a rk ably pure form, they were at first supposed to be analogous 
with those prepared, studied and analyzed by Bibs. 1 A careful examina¬ 
tion shows, however, that they are entirely different from those described 
by Bibs. We were somewhat surprised to find that nitric add, like 
hydrochloric, does not hydrolyze the ester so along as the temperature 
is kept near o°. On the contrary, strong nitric add gave almost quanti¬ 
tative nitro products, both with the chloride and bromide of phenetol. 

Aluminium bromide was tried with phenetol and bromal. We were 
surprised to find that no reaction took place in the presence of the bro¬ 
mide* al t hou gh a vigorous reaction took place when aluminium chloride 
was substituted for" the bromide. Aluminium bromide, therefore, does 
not act as a catalyst in this case, either in the ordinary sense of the term* 
breaking off hydrobromk add, or as a condensation reagent. 

PhmyMm Chloral and Aluminium Chloride ,—As lias already been 
shown, the mixed aromatic-aliphatic ethers are readily condensed with 

1 /* pmkL daw., 4ft 6s (1S93). 
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chloral m the presence of aluminium chloride, but the phenols themselves 
ate not acted upon at all in the cold, and slowly when wanned. It was 
therefore of some little importance to determine whether phenylether, 
or diphenyloxide, really possessed the same properties as the mixed ethers 
to which anisol and phenetol belong. Experiments were carried out 
in a similar manner to those with mixed ethers, using the following 
proportions: 34 g. (1 mol) of the ether, 30 g. (x mol) of chloral and 30 
g. (1V4 mol) aluminium chloride. After allowing to stand for some time, 
the whole was treated with water and finally distilled with steam. 
The residue was extracted with ether. A part only was found to be 
soluble. The soluble substance, after ether had been removed, was a 
thick liquid which finally appeared as a yellowish resin. It contained 
aluminium and chlorine. It did not give the aldehyde reaction. Owing 
to the readiness with which it decomposed, it was not obtained in pure 
enough form for analysis. 

The part which proved to be insoluble in ether was treated with ben¬ 
zene. A part dissolved. The benzene soluble part, after evaporating 
the benzene, appeared as a yellowish amorphous powder which likewise 
contained aluminium. Analyses of the substance were not satisfactory, 
probably on account of the fact that the powder could not be obtained 
in a perfectly pure form. The above experiment was repeated, using 
different proportions of substances, but each time with the same results. 
Condensation of Ketones with Chloral Hydrate by means of Aluminium 

Chloride. 

Acetophenone , Chloralhydrate and Aluminium Chloride. —Chloralhydrate 
combines with acetophenone by means of aluminium chloride even in the 
cold. The substance formed seems to be complex, containing a small 
quantity of aluminium which could not be removed. Best results were 
obtained by using 25 g. (2 mol) of acetophenone, 16 g. (1 mol) of chloral¬ 
hydrate, with 15 g. of aluminium chloride, and warming under the same 
conditions as indicated in previous experiments. The product obtained 
was a thick, yellowish oil which finally changed to a solid, resinous mass. 
It proved to be soluble in all the common solvents. Vacuum distillation 
gave a distillate at 170° and 40 mm. It appeared to be the result of de¬ 
composition. 

Bensophenone , Chloralhydrate and Aluminium Chloride .—While chloral 
combines readily with acetophenone, it apparently does not combine 
at all with benzophenone, for after treating with chloral in the presence 
of aluminium chloride, no reaction took place, as is shown by complete 
recovery of the original ingredients. 

Condensation gj Acids with Chloral and Aluminium Chloride. —Chloral- 
almninium-monochloroacetate, Al*Cl(OOCCH»)iCCl|CHO. Contrary to 
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exportations cbkaml eombtees with acetic acid or other momtek acids. 
The first experimeot was as follows: so g. of acetic add, as g* of chloral 
and so g. of dominium chloride were brought together at ordinary room 
temperature. A reaction began immediately and the altixntnium chloride 
passed into solution with liberation of hydrochloric add. At the same 
time a yellow, pasty mass was formed. This yellow paste was first treated 
with water, the whole mass dissolved, and on evaporating the yellowish 
solid substance was again obtained. An attempt was made to distil 
it in vqcuq % but it decomposed even at 15 mm. pressure. The experiment 
was therefore repeated, but instead of treating with water dry ether 
was used. The greater part proved to be insoluble. The impurities, 
however, were insoluble. Ether was used, therefore, in removing the im¬ 
parities. After treating several times with dry ether the residue was 
dried in the vacuum desiccator. The substance thus purified proved to 
be insoluble in most of the organic compounds. It dissolved with diffi¬ 
culty, however, in absolute alcohol; it was insoluble in cold water but 
quite soluble in hot. 

The compound possesses a distinct odor of chloral together with a 
distinct aromatic odor. It is a light yellow powder which decomposes 
before reaching the melting point. It readily burns on platinum foil, 
leaving aluminium oxide. The salt, after repeated washings with dry 
ether, was subjected to analysis with the following results: 

&nuk 1:€1 * 36.44 and *6.39, AUQi - ip 33. Calc.: Cl *» 96 53, A 1 * 10 17. 

In order to distinguish between the chlorine in the group A 1 2 C 1 (OOCCHi)s 
and the chlorine in the chloral the whole was treated with nitric add and 
silver nitrate, with the hope that the silver nitrate would remove the 
chlorine from the alu m inium group only. We found, on the contrary, 
that the chlorine in the chloral was also removed, and other methods of 
separation were tried. 

It was found that when the powder was treated with cold absolute alco¬ 
hol the chloral was completely removed while the aluminium radical 
remained undissolved. 

The salt was therefore treated ^yith absolute alcohol until all of the* 
chloral had been removed. The residue was then treated with water 
until all of the aluminium had been removed. The residue when tested 
showed the presence of chlorine while the alcohol was found to contain all 
of the chloral. 

Determinations tol chlorine in the alcoholic and aqneous solutions 
showed that just three-quarters of the total amount of chlorine in the 
substance had been extracted by the alcohol, the balance being left in the 
aqueous solution. These results indicate that a quantitative separation 
at the Chloral from the aluminium chloroacetate had been made and that 
the ribovfc formula is therefore correct. 
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Very recently Bdeseken and Chi wen 1 succeeded in isolating a compound 
formed from aluminium chloride and acetic anhydride, the reaction which 
they represent as follows: 

2 (CHaC 0),0 + A 1 CU - A 1 C 1 ( 0 C 0 CH 8 ) 2 + 2CH1COCI. 

They also found that the above compound formed a double salt with 
ethylether, (CH,CH 4 )*0.2A1C1(0C0 CHs) s . 

Benzoic Acid , Chloral and Aluminium Chloride. —Benzoic acid does not 
react with chloral. Several experiments were tried with the acid in solu¬ 
tion and finally with chloral itself in the presence of aluminium chloride, 
but with little or no change. The solution turned brown, but on treating 
with water, pure benzoic acid was recovered. 

Pyridine , Chloral and Aluminium Chloride. —When chloral, pyridine and 
aluminium chloride are brought together a vigorous reaction takes place, 
and there is formed a substance which has the appearance of common 
butter. It was found to be insoluble in practically all of the organic sol¬ 
vents. As this substance could not be obtained in pure form the experi¬ 
ment was modified by bringing the chloral and aluminium chloride to¬ 
gether and afterward adding the pyridine. The mass became hot from 
the heat of reaction and a white vapor was given off, but no hydrochloric 
add was liberated. 

After the whole mass had been treated with water a bright yellow 
powder was separated out which proved to be insoluble in practically 
all the solvents. It contained both aluminium and chlorine and had the 
odor of pyridine. The substance appears to be a single substance, but, 
up to the present time, no solvent has been found for it. It will be mote 
exhaustively studied in the near future. 

Summary. 

As will be seen, from the above general survey, practically all of the 
organic groups of compounds which have been treated with chloral, 
chloral hydrate and bromal in the presence of aluminium chloride at low 
temperatures, have formed distinct condensation products. The treat¬ 
ment of organic compounds with chloral and aluminium chloride at low 
temperatures, therefore, offers an important means of organic condensa¬ 
tion, as some of the compounds prepared and described in this paper 
cannot be obtained by the Baeyer or sulfuric acid reaction. 

No single group of compounds has been exhaustively studied, inasmuch 
as the important fact to be determined in this preliminary work was, 
first, whether or not aluminium chloride can be used as a condensation 
reagent; and second, whether or not it acts catalytically. 

The evidence presented in the above experiments, we believe quite 
sufficient proof that aluminium chloride acts as a catalyst, at the same time, 
however, playing the part of a simple dehydrating reagent. 
trae . chim ., 31, 36$ (191a)* 
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9bt t aap c rafai rc plays a most important part in this reaction is evi¬ 
dent from Hie results of all the experiments made thus far. In every 
case it was found that rise in temperature, even but a few degrees abovp 
zero, materially changed the reaction and incre<K*d the decomposition 
of both the reacting components. In some cases, as in the ethers, a slight 
rise above zero not only causes saponification of the ether but also com¬ 
plete decomposition. 

In exceptional cases, the chloride seems to act simply as a dehydrating 
reagent and therefore not as a catalyst in the ordinary use of the term. 
In most cases, however, it unquestionably plays the part of the catalytic 
agent, notwithstanding the fact that when equilibrium is finally readied 
a part of the chloride at least has been converted into the oxide or the 
hydroxide. 

It is evident, from the wide range through which aluminium chloride 
reacts in the presence of chloral, that the final or complete equilibrium 
embraces several separate and distinct chemical changes. Some of these 
are purely catalytic while others apparently are not, although they are 
entirely dependent upon the catalytic part of the reactions. If we assume, 
for instance, that aluminium chloride reacts purdy as a catalyst, as is 
evidenct A in some of the above experiments, then the equation would be 
represented s s follows: 

6 R.H 4- 3 CCUCHO + Mid* - 3 CCUCHR, + A1 2 C1* + 3 H 2 0 

This perfectly normal equation, however, by no means exdudes other re¬ 
actions before final equilibrium is reached, for we have not only shown that 
another reaction takes place before the one indicated above, forming 
an aluminium alkyl exactly as in the case of Friedel-Crafts reaction, but in 
a few cases these alkyls were isolated, as will be shown in the second paper 
now well under way. 

From the evidence already presented, a series of reactions may be 
given &9 representing the chemical changes which actually take place 
when equilibrium is finally reached. In the first part of the reaction, 
aluminium chloride doubtless acts as a pure catalyst as may be indicated 
by the following equation* 

C.H. + AlgCli - AljClfi-C«Hi + HC1, . 

or 

6CeRf 4* AljCU - Al,(CeHa)e + 6HC1 

Then through catalytic action of the hydrogen ions of the hydrochloric 
add, the second part of the reaction takes place: 

A1,(C«H»)« + 3 CCUCHO 4 6HC1 * 3 CC1*CH(C«Hi)i + A1*C1« 4* 3 H, 0 , 
or 

AUC*H*)« 4- 3 CCUCHO 4- 6HC1 « 3 CCl,CH(CeH*), + AhO. 4* 6 ^pl 
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Eiiber or both of these reactions may take place intanuch as water, 
hydrochloric add and, in a few cases, aluminium oxide are liberated 

Detailed work along several lines mentioned above is now under way. 
So far as the work has progressed, aluminium chloride in each case unques¬ 
tionably plays the part of a catalyst, whether hydrochloric add, water, 
aluminium hydroxide or aluminium oxide is formed during the reac¬ 
tion. 

Tu University of Minnesota, 

Minneapolis, Minn 

THE ACTION OF TRIOXYMETHYLENE ON THE VARIOUS 
HYDROCARBONS IN THE PRESENCE OF 
ALUMINUM CHLORIDE. 

By Ceo B Frankfortbr and V. R KokaTnur. 

Received May 13. 1914. 

Ever since Friedel and Crafts discovered the reaction which bears their 
names, chemists have used it in various ways in order to bring about 
certain chemical changes, in some cases under entirely different condi¬ 
tions from those recorded by the authors themselves. Thus, Scholl and 
Seer 1 showed that anhydrous aluminium chloride, in a few cases, actually 
breaks off free hydrogen instead of hydrochloric add. Recently Page* 
has shown that aluminium chloride possesses the power of transporting 
chlorine to certain organic compounds. Finally it has been found, under 
proper physical conditions, to act as a dehydrating agent like concentrated 
sulfuric add. It has been shown by Kritchevsky and one of us that when 
an aldehyde, as chloral, and a hydrocarbon, either benzene or one 
of its homologs, are brought together in the presence of aluminium 
chloride at o°, a reaction analogous to the Baeyer reaction takes place. 

In order that the last reaction mentioned might be more thoroughly 
studied, experiments similar to those mentioned above with benzene 
and chloral were begun, using trioxymethylene, however, instead of 
chloral. In each case the same general condensation reaction took place. 
In a few cases, the reaction seemed to be comparatively simple, while in 
others it appeared to be extremely complex. This variation seemed to be 
influenced, largely, by temperature, as a result of the way in which the 
aluminium chloride was added, either fast or slow, or as to whether the 
whole mass was kppt in a freezing mixture during the reaction. Finally, 
it was hoped that, in addition to studying the reaction itself, some light 
might be ttartra-on the constitution of trioxymethylene. 

The molecular structure of trioxymethylene is generally considered to 
be a ring compound, in which the oxygen and the methylene groups are 
1 Monatsh ., 33, 1 (1912) 

* Ann ., 235, 196 (1884). 
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symmetrically arranged. la case the aootptc d theory is a fad, we hoped 
to p e epe re cxmcjbnsadon products by breaking the ring and substituting 
hydrocarbon radicals for one, or more, of the oxygen atoms, as indicated 
by the following formulas: 


CH 


C CHr-R 
CHr-R 



and 



where R represents either benzene or one of its homologs. 

On going over the literature of trioxymethylene, it was found that Grassi 
and had prepared compounds analogous to those which we had 

hoped to prepare by breaking the ring and substituting inorganic radicals 
for the oxygen. Thus by treating trioxymethylene with acetic acid and 
water, they obtained trioxymethylene hydrate, 



Then, by treating the hydrate with hydrochloric acid, the trioxymethyl¬ 
ene chloride was formed. And finally, by treating the chloride with ben¬ 
zene, they obtained diphenylmethane. They assumed that the hydro¬ 
chloric acid broke the ring compound down into formaldehyde, at the 
same time forming a hydrochloride, CICHjOH. This compound then re¬ 
acted with the benzene, forming diphenylmethane. They failed to 
prepare any of the oxy compounds. 

As has already been stated, the reaction between trioxymethylene and 
the hydrocarbons varies widely, depending upon the conditions under 
which the reaction takes place. Under none of these conditions, however, 
were we able to prepare any of the oxy compounds, although various 
complex hydrocarbons were prepared, as will be shown later. Notwith¬ 
standing the fact that no oxy compounds could be isolated, the truth re¬ 
mains that trioxymethylene acts differently from formaldehyde in the 
presence of aluminium chloride. This fact may mean that some of the 
oxy compounds are actually formed in the reaction and are broken down 
into the various hydrocarbons before equilibrium is finally reached. 

Trioxymethylene has never before been used with aluminium chloride, 
consequently no condensation products have ever beefi made; neither 
has it been studied in connection with concentrated sulfuric acid. As a 
matter of fact, formaldehyde itself has never been studied in this con¬ 
nection. It has been used, however, with concentrated sulfuric add, 
yielding compounds which, in many cases, are the same as those obtained 
with trioxymethylene and aluminium chloride. 


1 Gar, 2$f 477 (t*98> 
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Experimental Part 

Benzene and Trioxymetkylene. —To 500 cc. of benzene were added 35 g. 
of trioxymethylene, the mixture cooled to o° and 170 g. of anhydrous 
aluminium chloride added piecemeal. An automatic stirrer was used and 
the mixture was stirred continuously while the aluminium chloride was 
being added. The temperature was never more than 20 °, though most 
of the time it was less than 10 

After about 50 g. of aluminium chloride had been added, the color of 
the mixture changed to a reddish brown and copious fumes of hydro¬ 
chloric acid were liberated. The stirring was continued for some time 
after all aluminium chloride had been added. It required 10 hrs. to com¬ 
plete the reaction. During this time, hydrochloric acid continued to pass 
off. After the reaction had apparently ceased, the whole mixture was 
placed in a refrigerator for three or four days. At the end of that time it 
was removed and ice-water added, in order to decompose all aluminium 
chloride without rise in temperature. After a sufficient quantity of water 
had been added an oily substance separated out and floated on the water. 
Some solid substance remained at the bottom of the flask. There was 
also some solid material which was lighter than water but heavier than 
the oil. This separated out and remained on the surface of water just 
below the oily layer. The whole was then extracted with ether. All, 
except the solid substance on the bottom of the flask, dissolved. The 
ether solution was then separated from the water and the insoluble sub¬ 
stance, which was set aside for further treatment. 

The ether extract was subjected to fractional distillation and the dis¬ 
tillates were collected separately, as follows: ( a ) between 40°-8o°, ( b) 
8o°-i30°, (i c ) 250280° and ( d ) 28o°-36o°. A preliminary examination 
showed that distillate (a) was largely ether with some benzene. Distil¬ 
late (6) was found to contain largely benzene with small amounts of tol¬ 
uene. From 130° the temperature rapidly rose to 250 0 and an aromatic 
liquid continued to distil over until a temperature of 280° was reached. 
Then a white substance of somewhat waxy nature passed over and solid¬ 
ified on the walls of the condenser. This substance continued to distil over 
until the temperature had reached 360°. Distillation was then stopped 
as the tarry, resinous solid material remaining in the flask showed signs 
of decomposition. A peculiar blue fluorescence was observed in the dis¬ 
tillate. 'Hie resinous material was set apart for further treatment. 

As the yield of products was not entirely satisfactory, the above experi¬ 
ment was repeated, varying the temperature and the proportion of trioxy- 
methylene. In each case the same products were obtained, although the 
yield of the liquid and solid distillates (c) and (d) varied. In the above 
experiment the quantity of liquid distillate (<?) was small. When 40 g. 
of trioxymethylene were used under exactly the same conditions, the yield 
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of both (<?) and (d) was greater, and when jo g. were used there was a still 
larger yield of both the liquid and the solid distillates (c) and (d). On the 
contrary, when ioo g. of trioxy methylene were used, there was a good 
yield of the liquid distillate (c) and no yield of the solid (d). Even when 
the temperature was allowed to rise to 4o°-5o° the same products were 
formed, although the yield varied. *u» 

The liquid distillate (c) was redistilled, after which it showed signs of 
crystallization. The redistilled oil was therefore cooled in a freezing mix¬ 
ture, when it crystallized in colorless prismatic needles. The m. p. of the 
substance was found to be 26°-27°. It was at once suspected to be di- 
phenyhnethane. Hence it was compared with Kahlbaum’s diphenyl- 
methane in appearance, boiling point and other characteristics. Kahl¬ 
baum’s diphenylmethane, although marked “c. p.,” was found to be im¬ 
pure. It was a yellowish colored liquid. It began to distil at 254° and 
continued to 261°. After distillation, however, it was colorless and at 
once crystallized in colorless, prismatic needles, m. p. 26°-2j°. 

Our diphenylmethane distilled over between 259 0 and 262°. It was 
perfectly colorless and crystallized in colorless prismatic needles. The 
various tests indicated that it was diphenylmethane. It also showed the 
characteristic blue fluorescence. Baeyer 1 first obtained diphenylmethane 
by treating benzene with formaldehyde in the presence of sulfuric acid; 
and later Nastukoff,* on repeating Baeyer’s experiments, showed that 
phenylformol was formed, and this substance, by dry distillation, yielded 
not only diphenylmethane but also toluene xylene and anthracene. 

The solid distillate ( d ) which passed over between 2 80 “-360 0 was finally 
dissolved in a mixture of hot benzene containing a little alcohol, as this 
mixture was found to give best results. On cooling the solution, a leafy, 
white substance crystallized out. This was filtered off, washed with alco¬ 
hol several times to remove the last traces of diphenylmethane and re- 
crystallized three or four times, ^he pure crystals thqa obtained were 
dried and the melting point was found to be 2io°~2i* . The crystals 
were monoclinic plates of pearly luster. The crystals both in solution 
and out of it showed a beautiful fluorescence. Analysis gave numbers 
for anthracene, although the melting point was a little low. It gave all 
the reactions for anthracene and on oxidation gave anthraquinone, leaving 
no doubt as to its identity. The yield of both diphenylmethane and 
anthracene was exceptionally good. 

The fact that diphenylmethane and anthracene are the two principal 
compounds formed in the reaction throws some light on the nature of the 
reaction. From the amounts of these two compounds obtained, it is 

1 Jtor., 9,1099 (1871). 

1 J . Rust, Rhys. Chm . Soc „ 35, 625 (1903). 
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eHdttit that equAl molecular quantities are formed. In view of this fact, 
Hie equation may be represented as follows: 

4 CfH« + (CH, 0 ), + MCI* - CH 2 (C6H 6 ) 2 + C M H 10 + 3 H ,0 + A 1 C 1 , + H, 

As equal molecular quantities of diphenylmethane and anthracene are 
formed in this reaction, we were at first led to believe that the trioxy- 
methylene molecule is not symmetrical, the methylene group forming the 
diphenylmethane having different molecular nature from the other two 
groups in the molecule. On the contrary, Baeyer obtained diphenyl¬ 
methane from benzene and formaldehyde by means of sulfuric acid; and 
Nastukoff by the same reaction obtained both diphenylmethane and an¬ 
thracene. These facts scarcely permit such a conclusion, although the 
reaction is none the less interesting. 

Baeyer 1 showed that, when diphenylmethane was further treated with 
formaldehyde and sulfuric acid, condensation occurred, forming dihydro¬ 
anthracene. In order to determine whether or not trioxymethylene would 
act the same as formaldehyde, 50 g. of diphenylmethane and 9 g. of tri¬ 
oxymethylene were treated with 20 g. of aluminium chloride, according to 
the method already given. On examining the products after the reac¬ 
tion had been completed a considerable quantity of diphenylmethane 
was recovered. There was left in the flask, after distilling off the diphenyl¬ 
methane, a tarry mass which does not contain anthracene. This was 
set aside for examination later. Therefore, trioxymethylene does not 
act in the presence of aluminium chloride like formaldehyde in the pres¬ 
ence of sulfuric acid. 

In order to show whether or not trioxymethylene forms the same com¬ 
pound with the benzene homologs in the presence of aluminium chloride 
which formaldehyde does in the presence of sulfuric acid, a series of ex¬ 
periments was made, using toluene, xylene and mesitylene instead of 
benzene. 

Toluene and Trioxymethylene .—Fifty grams of trioxymethylene were 
dissolved in 400 cc. of toluene and 100 g. of aluminium chloride added 
piecemeal. A large amount of heat was liberated, but the temperature 
was not allowed to go above 65 °. The whole mass changed to a reddidh 
brown color and fumes of hydrochloric acid were given off. The uppef 
layer showed a deep blue fluorescence. The whole mass was kept in a 
cool place for four days, and after adding ice-water, subjected to the same 
process described under benzene. Distillate (a) passed over between 
50° and 120 0 , (b) between 290° and 310°, and (c) between 310° and 400°. 
After the small quantity of (a), which on examination was found to be a 
mixture of ether, toluene and benzene, had passed over, the temperature 
immediately rose to 290 °. At this point oil began to distil over and con- 
1 Ber., 6, 222 (1873). 
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ttated until a t e m p eratu re of 310° was reached. The distillate then he* 
gan to solidify on the walls of the condenser. The solid continued to pate 
over until a temperature of 400° was reached. Owing to decomposition 
the distillation was stopped. A dark, resinous substance remained in 
the flask. This material was reserved for further investigation. 

On redistilling the oil which was collected between 290°~3io°, most fcf 
it passed over between 285-7°. It showed a brilliant blue fluorescence. 
It was further purified and analyzed. Analysis and physical and chemical 
properties checked well for ditoluylmethane. 

The semisolid substance which came over between 3io°-4oo° was then 
dissolved in a mixture of alcohol and benzene, from which it was obtained 
in a well crystallized form. It was recrystallized several times by this 
means, when the constant m. p. of 225°-226° indicated that it was pure. 
Analysis and general properties checked well for dimethylanthracene, a 
compound prepared by Friedel and Crafts 1 by treating toluene and methyl¬ 
ene dichloride with aluminium chloride. As this reaction is evidently 
an exact duplicate of the reaction with benzene, it may be represented 
as follows: 

4 C«H*CH, + (CHjO)s - CH 2 (C«H4CHa) a + Ci 8 H 16 + 3 H 2 0 +H 2 

It is also interesting to note that Anschutz* obtained the same dimethyl- 
anthracene by treating toluene with acetylene tetrabromide and aluminium 
chloride. 

Xylene and Trioxymethylene .—To a mixture of 500 g. of o-xylene, b. p. 
142 °, and 50 g. of trioxymethylene, 100 g. of aluminium chloride were 
added, with constant stirring, The temperature rose to 65° and copious 
fumes of hydrochloric acid were liberated. The mass seemed to divide 
into two layers; the upper one showing a deep greenish blue fluorescence; 
the lower one was dark brown. The whole was allowed to stand at ordi¬ 
nary room temperature for three days, at the end of which time the re¬ 
action seemed to be complete. The whole mass was treated with ice- 
water, allowed to stand for some time and finally extracted with ether. 
The extract was drawn off, the ether removed and the residue distilled at 
ordinary pressure. The distillates were collected as follows: (a) between 
yo° and 150°, (6) 200° and 330°, and (c) between 330° and 400°. After 
these distillates had been removed there remained in the flask a tarry sub¬ 
stance. After removing distillate (6) an air condenser was used and the 
splid distillates were thus easily collected for further examination. The 
first distillate (a) consisted of a mixture of hydrocarbons, benzene, xylene, 
an 4 possibly some toluene. Distillate (b) was redistilled, when a large 
part passed over between 3ii°-3i3°. It was wonderfully fluorescent, 
more so even than diphenylmethane and ditoluylmethane. Analysis of 

1 Ann. chtm. phys [6] xi, 266 (1887). 

‘Ann., 335, 172 (1886). 
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the purified substance gave numbers for CnHto or dixylylmethaue. This 
compound has evidently never before been made, although a substance 
of the same empirical formula, 1 a duryl benzyl compound, has been pre¬ 
pared. 

Tetramethylanthracene .—distillate (c), or that which passed over be¬ 
tween 330°-400°, was now examined. It was semi-solid, evidently 
composed of two or more compounds, and was purified by washing with 
chloroform. This rapidly took out the oily substance, leaving behind most 
of the solid substance. The latter was then recrystallized from a mix¬ 
ture of benzene and alcohol. By repeating the process several times 
the substance was obtained in pure form. It crystallized in yellow mono¬ 
clinic plates of pearly luster. In solution it possessed an intense green 
fluorescence. It does not appear to have a melting point but decomposes 
at 233 °- 235 °. It can be sublimed, however, without difficulty, forming 
crystals with wonderful iridescence. 

Found: C «* 92 23 and H 7 22. Calc, for Ci*His: C * 93*3* H » 7.7. 


Friedel and Crafts 2 prepared a tetramethylanthracene from w-xylene 
with a m. p. of i 62 °-i 63 °, while Anschutz 8 obtained from w-xylene an en¬ 
tirely different tetramethylanthracene with a m. p. of above 280°. De- 
war and Jones 4 obtained the same compound described by Anschiitz 
which they designated as 2 : 4 : 6 : 8 derivative. Anschiitz also obtained 
from 0-xylene a tetramethyl compound with a m. p. of 280°, almost the 
same as the meta compound. It is evident that the one prepared above 
is an isomeric form, the exact structure of which has not yet been obtained. 
From what has already been stated concerning these reactions, this one 
may be represented as analogous to those already given: 

4CflH 4 (CHj)j + (CH*0)* - 


TT (CH,)« / CH \ 

+ (CH.hC.H/ J>C*] 


iHj(CHj)* + H, + 3H1O 


(CHi)s 




Civ 


Mesitylene and Trioxymethylene .—Two hundred grams of mesitylene 
were brought together with 30 g. of trioxymethylene at ordinary tem¬ 
perature and 55 g. of aluminium chloride added with constant, vigorous 
stirring. The temperature rose to 50 hydrochloric acid gas was libera-, 
and the color changed to a dark red. Two layers again appeared, the up¬ 
per one having a deep violet fluorescence. After allowing it to stand 
for two days at ordinary room temperature, water was added, and finally the 
whole mass was extracted with ether. The addition of ether precipita¬ 
ted an amorphous substance which was at first thought to be an aluminium 
•compound, but which was found to be entirely organic. It was removed 
1 Friedel and Crafts, Ann. chim. phys [6] 1, 516 (1884). 

* Ann. chim. phys., [6] n, 268 (1887). 

9 Ann., 335, 174 (1886). 

4 J. Chem. Soc. t 85, 213 (1904). 
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gndreay stalliaed from « mixture of benzene and chloroform. The puri¬ 
fied substance melted at 286 *-287°. It was a light yellow crystalline 
powder. 

Found: C — 89.60 and H « 8.45. Calc, for tetramethylanthracene: C * 93.30 
and H * 7.70. 

It gave all the general characteristics of an anthracene derivative, 
notwithstanding the fact that Dewar and Jones 1 were unable to prepare 
anthracene derivatives from mesitylene by the Friedel-Crafts reaction. It 
seems perfectly evident that hexamethylanthracene cannot be made directly 
from mesitylene and any other reagent. On the contrary, a tetramethyl 
compound is not impossible, as two of the methyl groups, one from each of 
two mesitylene molecules, might be the means of connecting the two 
molecules as an anthracene derivative. This seems to have happened, 
forming a tetramethylanthracene which must necessarily be either a 
1:316:8 or a 2.4:719 derivative. It is interesting to note 
that the melting point corresponds closely with the melting point of tetra¬ 
methylanthracene as mentioned above m. p. above 280°. 

The filtered ether extract was then distilled and the distillates collected 
in two parts, the first between 9o°-2oo° and the second between 200 °- 
350 °. Above this practically nothing would distil over. At a very high 
temperature it began to decompose. The first distillate consisted of 
small amounts of benzene, toluene, xylene and mesitylene. The second 
distillate at first appeared as an oily liquid from which crystals formed on 
standing. These were separated out by adding ether, whereupon the 
oily substance immediately dissolved, leaving the crystals behind. They 
were removed, washed with ether and recrystallized from a mixture of 
hot alcohol and ether. Thus obtained, the crystals appeared as white 
monoclinic plates with a m. p. of i29°-i30°. 

Analysis and general characteristics showed that the substance was 
dimesitylmethane prepared by Baeyer* from mesitylene, formaldehyde 
and sulfuric acid. 

The ether solution containing the oil was warmed in order to remove 
the ether and then distilled. The first fraction, boiling between 170°- 
325 *, was so small that no attempt was made to examine it. 

Durette. —The fraction between 325°-3S5 9 consisted of solids together 
with some oil Both were very soluble in all the common solvents. They 
were finally separated by placing on unglazed porcelain plates which readily 
absorbed the oil leaving the crystals behind. The crystals were finally 
purified by crystallizing from 95% alcohol. Thus purified they melted 
ftt 79 # -8 o°. This differed from any of the other compounds. 

Found: C - 90.22 and H * 9.65. Calc, for CiiHm * 89.6 and H - 10.4. 

1 /. Ohm. Soc. t 85, 218 (1904). 

•Bar., 5, 1098 (187a). 
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There seems to be no doubt but that this substance is dttrene, notwith¬ 
standing the results of the analysis. In order to further identify it the 
dibromo and dinitro compounds were made and found to agree in every 
respect with the dibromo and dinitro compounds prepared by Anschfitz. 

That the above reaction with mesitylene is complex is evident from the 
formation of benzene, toluene, xylene and durene. This unusual reaction 
was observed by Anschfitz, 1 who first showed that benzene homologs 
are formed from a single benzene derivative by the action of aluminium 
chloride. But as already stated, no anthracene derivatives had ever 
been prepared from mesitylene. There can be no doubt but the com¬ 
pound described above is an anthracene derivative. We have repre¬ 
sented it as a tetramethyl compound, although analysis really agrees 
better for a hexamethyl derivative. We have so represented it because a 
hexa compound can only be formed from a isomer of mesitylene like 
pseudo-cumene or hemellithene. While we have not succeeded in identi¬ 
fying these latter compounds, both are within the range of possibility, and 
a hexamethyl derivative could therefore be formed. Experiments along 
this line are now under way. 

University 09 Minnesota, 

Minneapolis, Minn 


GAS ANALYSES BY FRACTIONAL DISTILLATION AT LOW 
TEMPERATURES . 1 

By G. A. Burrell and P. M. Seibert. 

Received April 30, 1914. 

This paper describes experiments that resulted in the separation of a 
natural gas sample into the individual paraffin hydrocarbons present. 
This had not been accomplished hitherto. 

Natural gases may contain only methane as the combustible constituent 
or may be mixtures that contain large quantities of the higher gaseous 
paraffins. In some samples the latter predominate. In addition, there 
may be vapors of the liquid paraffin hydrocarbons present, sometimes 
enough to warrant the installation of a plant for their extraction. The 
natural gas used in Pittsburgh is a complex mixture, and is typical of gas 
that is supplied to many cities to the extent of billions of cubic feet per 
year. The exact composition of this gas is of importance to the Bureau of 
Mines because it is used in testing explosives, safety lamps, electrical mining 
machinery, and other mining appliances. By the scheme shown herein, it 
is also possible to determine more closely the quantity of the vapors of the 
liquid paraffins in a natural gas mixture than has been possible heretofore. 

1 Ann., 333,178-190 (1886). 

1 Paper p r etested before die spring meeting of the American Chemical Society, 
April 7-10, 1914, by permission of the Director of the Bureau of Mines. 
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GflMg that contain enough of these vapors are compressed and cooled at 
massy plants and the condensate sold as gasoline. 

It is generally known that ordinary combustion gas analyses give but 
little indication regarding the individual hydrocarbons present in a natural 
gas mixture. Only the two predominating paraffins are shown. 

In the experiments reported herein, natural gas was first liquefied by 
means of liquid air and the different paraffin hydrocarbons separated by 
properly adjusting temperatures and removing the various fractions with 
a mercury pump. These fractions were analyzed by the ordinary slow 
combustion method. Advantage was taken of the work of P. Lebeau 
and A. Damiens, 1 who prepared various mixtures of the gaseous par¬ 
affins, liquefied them and partially separated them. This work is in ad¬ 
vance over their work in that the separation was made into single constit¬ 
uents. The important part of this paper, however, is the application of 
the work to the determination of the constituents of natural gas. Such 
a separation is possible because, in the liquid condition, the boiling points 
of the gaseous paraffins are rather widely separated. These boiling points 
follow: Methane, —i6o°, ethane, —93°, propane, —45°; N butane, + 1 °; 
and isobutane —io°. The two butanes were not separated. In order 
to finish the work with fractions large enough for accurate analyses, the 
experiment given herein was started with about 1V2 liters of gas (1531 
ce.). Other experiments were performed with various natural gases in 
which smaller quantities were used. The sample, as analyzed by the or¬ 
dinary slow combustion method, contained the following constituents 

Methane 79 2% 

Ethane 19 6 

Nitrogen 1 2 

Total 100 o 

There is also about 0.03 per cent, of carbon dioxide in the gas mixture. 
Carbon monoxide, hydrogen and olefine hydrocarbons are not present. 

Experimented Procedure .—Fig. 1 shows the general arrangement of the 
apparatus. The Tdpler pump is on the left of the photograph. (A) is 
a small glass vessel used for holding the liquefied gases. It could be 
enclosed in the Dewar flask (£). Surrounding this Dewar flask is shown 
another and larger one. This arrangement was adopted in order to pro¬ 
vide better insulation than was afforded by only one flask, although 
til le work can be conducted with only one Dewar flask. The gas sample, 
prior to liquefaction, was measured by weighing the water displaced 
from the glass vessel (Q then transferred to the gas buret (D) and from 
there passed into the liquefying bulb (A). At (E) is shown a mercury 
manometer for registering pressures in the pump. At the base of the 
1 Cmpt. rend., 156,335 ( 1913 ). 
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Fig i —Apparatus for the liquefaction and fractionation of fas mixture# 
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TdpWr pump axe shown the glass vessels for trapping the different gas 
fractions over mercury as they were removed. 

Tiie entire sample was first liquefied by means of liquid air. With 
the gas in the liquid condition, connection was made between it and the 
mercury pump and as much of the gas removed with the pump as possible. 
This process divided the original quantity into two portions; first, a gaseous 
portion, and second, a liquid residue. 

In other words, the vapor pressure of liquid ethane (b.p.—93°) is so small 
at the temperature of liquid air that none could be detected in the dis¬ 
tillate within the experimental error of making the analysis. It was found 
that, when liquid air was used which had stood for some time, so that its 
boiling point had risen near to the boiling point of oxygen (—183°), the 
methane and nitrogen were removed from the original mixture more quickly 
than when newly made liquid air was used. This is to be expected. The 
residue from this first fractionation was allowed to volatilize, measured 
and again liquefied at the temperature of liquid air. Connection was 
again made to the pump and more methane removed. In other words, 
although the residue from the first fraction was treated in exactly the same 
manner as the original sample more methane was obtained. 

Upon volatilizing the entire residue, however, and again liquefying, a 
rearrangement of the solution occurred and chance for faster evaporation 
of this last methane portion was afforded. In no case could the last minute 
traces be obtained, so the attempts at complete recovery were stopped 
when it was found that only such a small proportion was being left behind 
as did not sensibly affect the results. 

Tabus I. —Analysis of a Portion of the Total Methane and Nitrogen Fraction. 



Cc. 

Cc. 

Sample taken. 

. 30.10 

30.20 

Ob added. 

. 95 *30 

99*30 

Total volume. 

. 125.30 

129.50 

Volume after combustion. 

. 66.30 

70.10 

Contraction due to combustion. 

. 59 *oo 

59-40 

Volume after CO» absorption. 

. 36.80 

40.50 

COi produced by combustion . 

. * 98*50 

29.60 

Methane from contraction 1 . 

. 99-44 

29*64 

Methane team CO* 1 . 

. 39.59 

29.67 


%* 

%* 

Methane from contraction. 

. 97*8 

98.2 

Methane horn CCh . 

< 

. 98.3 

98.2 

Average per cent, methane.... 

. 98.1 

98.2 


To this point, the first series of fractionations had reached a stage where 
the larger portion of.the methane had been removed and where the first 
residue had been volatilized, reliquefied and pumped to obtain another 
1 Corrected for molecular volume of carbon dioxide. 
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small portion of methane. The residue from the second liquefaction was 
treated again in the same identical manner and more methane obtained. 
A further identical treatment resulted in no additional recovery of methane. 
No indication of methane was found in the ethane portion, within the error 
of making the analysis. 

The distillate obtained by the above scheme undoubtedly contained a 
trace of ethane, but it was so small that it could not be detected by analysis. 
The analysis of a portion of the total methane and nitrogen fraction is 
given in Table I, above. 

Second Series of Fractionations. 

The next step in the process involved the separation of the ethane 
from the methane-free residue. This necessitated the employment of 
a temperature such that practically all of the ethane could be* separated 
from the still higher paraffins, propane, the butanes, etc. The temperature 
used could not be too low, else the ethane itself could not be separated, 
nor so high as to also remove all the propane. A natural gas condensate, 
obtained from a natural gas gasoline plant by subjecting natural gas 
(casing head gas) from an oil well to a pressure of 250 lbs. per square inch 
and then cooling it to ordinary temperature, proved excellent, when cooled 
by liquid air, for obtaining low temperatures higher than the temperature of 
liquid air. This condensate is known in the natural gas gasoline uade as 
“wild” gasoline. It contains large quantities of liquid propane and the 
butanes (especially the latter) as well as some of the ordinary gasoline 
constituents, the pentanes, hexanes, etc. Other substances tried for 
obtaining low temperatures, such as alcohol, ether, methyl, and ethyl 
chloride, etc., jellied so much at low temperatures that they could not be 
used satisfactorily. The mass did not remain of uniform temperature 
from top to bottom. 

In order to obtain a temperature of —145 °, for instance, the condensate 
was placed in a Dewar flask and stirred with a test tube into which 
liquid air was run until —145 0 was reached. Upon removal of the 
liquid air the condensate warmed up very slowly, about 5 0 to io° per hour, 
thereby affording sufficient time for the withdrawal of vapors from the 
liquefaction bulb. In separating ethane from the methane-free residue, 
the latter was first cooled to a temperature of —145 0 and pumping was 
started and continued until the temperature had risen to —125 °. By 
this process,, there was obtained a distillate consisting of ethane and pro¬ 
pane. In other words, some propane (b. p. —45 °) is removed at —125 0 
as well as the ethane (b. p. —93 °). The residue was then treated twice 
in the same manner, the final separation of the ethane being made at a 
temperature of —155° to —140°. The temperature was purposely 
lowered to —125° the first time to obtain practically all of the ethane 
as well as some propane, because it was found quicker to separate the 
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ettoum Croat th*t part of the propane that came over than to attempt to 
ptdf ofi all of the ethane from the original residue. All the ethane was 
obtained, there being only small quantities of propane re m a in i n g as a 
residue. The analysis of a portion of the total ethane fraction Is given in 
Table II. 

Tablb II. —Analysis of a Portion of the Total Ethane Fraction 



0) 

(2) 


Cc 

* Cc 

Sample taken 

25 50 

20 30 

Chadded . 

96 60 

99 40 

Total volume 

122 IO 

119 70 

Volume after combustion 

58 30 

69 20 

Contraction due to combustion 

63 80 

50 50 

Volume after CO* absorption 

7 20 

28 70 

CO* produced by combustion 

51 10 

40 50 


According to the equation C 2 H 6 + 3.5 0 2 = 2 CO* + 3 H 2 0 , the con¬ 
traction should be equal to the C 0 2 X 1.25. In Analysis No 1 the con¬ 
traction then becomes 51.1 cc. X 1.25 = 63.87 cc. This corresponds well 
with the contraction actually observed, 63.80 cc. In Analysis No. 2 the 
contraction is equal to 40.50 cc. X 1.25 =» 50.62. The contraction 
actually observed is 50.50 cc. In calculating the ethane from the carbon 
dioxide and contraction, use was made of equations that correct for the 
deviations of carbon dioxide and ethane from the ideal conditions, 1 as 
follows: 

Analysis No 1 

o 990 C,H, 4 3 5 Oj - 1 992 CO* + 3H1O 
cc. ethane - o 396 X contraction « 25 26 
cc ethane « o 497 X CO* » 23 39 

Analysis No. 3. 

o 990 C*H« 4 3 5 O, - 1.994 CO* 4 3H*0 
cc ethane «■ o 397 X contraction — 20 05 
cc ethane - o 496 X CO* — 2009 

Third Series of Fractionations. 

The final residue from the second series of fractionations then contained 
propane and higher paraffins. 

The ethane-free residue was next liquefied and pumped at a temperature 
that started at —125 0 and ended at —no 0 , the object being to remove 
practically all of the propane (b. p. —45 °) and also some of the butanes 
(b. p. 4 1 0 and —io°). The residue from this operation was again treated 
in the same manner 4 to obtain any propane that still remained behind. 
It was thought that, if a temperature was used that would permit the dis¬ 
tillation of an appreciable quantity of butane, practically all of the pro- 

1 Errors in fas analysis due to assuming that the molecular volumes of all gases 
ate alike. Technical Paper 54* U S. Bureau of Mines, by G. A. Burrell and F. M. 
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pane should come over. The total distillate obtained in this manner was 
then liquefied and pumped at a temperature ranging from — -135 0 to — iao°. 
There resulted a distillate that consisted of propane only. In other words, 
propane can be separated from the butanes at a temperature below 
—135 0 and —120° 

The analysis of a portion of the total propane fraction is given in Table 
III. 


Table III—Analysis of a Portion of the Total Propane Fraction 



Analysis No 1 
Cc 

Analysis No 2 

Cc 

Sample taken 

12 6o 

13 30 

O* added 

93 8o 

97 20 

Total volume 

106 40 

no 50 

Volume after combustion 

67 60 

70 00 

Contraction due to combustion 

38 80 

40 50 

Volume after CO* absorption 

28 50 

29 70 

Carbon dioxide produced 

39 10 

40 30 


According to the equation C 8 H 8 + 5 O2 = CO* -f 4 H 2 0 , the contraction 
— CO2 = 00. In Analysis No. 1 38 8 cc — 39.1 cc. = —0.3 cc. and in 
Analysis No. 2 40 5 cc. — 40.3 cc. = 0.2 cc. The propane was calculated 
from the following corrected equation: 0.986 C 8 H 8 + 5 O2 * 2.991 CO* 
+4 HjO 

Then, according to Analysis No 1, the propane, when calculated from the 
contraction, is 0329 X 38.80 = 12.76 cc. and, when calculated from the 
C 0 2 , is 0.329 X 39.10 - 12 86 cc. 

According to Analysis No. 2 the propane, when calculated from the con¬ 
traction, is o 329 X 40.50 = 13.32 cc. and, when calculated from the CO2, 
is 0329 X 40.3 = 13.26 cc 

In the case of both analyses the cc. of propane as calculated from the 
CO2 and the contraction agree closely. 

The value 0.986 or the molecular volume of propane at o° and 760 mm. 
of mercury was calculated from van der Waals’ equation 
(P + a/V*)(V — b) « RT 
or 

M/d c (i + o)( 1 — b) « R, 

where M — molecular weight, d Q * density at o°. f 

Lebeau gives for a the value 0.01727 and for b 0.003770, from which 
M/do *= 22.41/1.0133 * 22.116 
22.116/22.412 * 0.986 

This value, as far as the authors are aware, has never been determined ex¬ 
perimentally as in the case of oxygen, methane, ethane, and carbon dioxide. 

The same procedure was followed in the case of the propane separation 
as in the case of the ethane and methane separations. Distillates and 
residues were liquefied and pumped until no propane could be obtained. 
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The analysis of a portion of the final residue is given in Table IV. This 
should consist of butane only, providing no vapors of the liquid paraffins 
were present 

Table IV. —Analyszs of a Portion of the Total Butane Fraction. 



Cc 

Sample taken 

9 

30 

Os added 

100 

00 

Total volume 

109 

30 

Volume after combustion 

76 

30 

Contraction due to combustion 

33 

00 

Volume after COs absorption 

39 

30 

COs produced by combustion 

37 

00 


From the equation C4H10 + 6.5 0 2 == 4 CO* + 5 H2O, the contraction 
X 1.14 =“= CO2. From the above analysis, 33.0 X 1.14 = 37.62 cc. 
37.62 — 37.00 * 0.62 cc. difference. 

The above analysis was calculated to butane only, and appears to be 
almost entirely this gas, but undoubtedly a very small proportion of the 
vapors of the liquid paraffins were contained in the mixture. 

Vapor pressures obtained by means of a manometer attached to the 
pump furnished evidence which indicated when a separation had been 
accomplished. For instance, at the temperature of liquid air that 
had stood for some time (about —185°) the vapor presage of the original 
hydrocarbon mixture was 63 mm. This vapor pressure was not the 
pressure of methane at that temperature; it remained near this value 
throughout the pumping until near the end, when it suddenly dropped 
to 0.0 mm. Then the pumping was stopped and the residue allowed to 
volatilize and again liquefied and pumping continued until no more dis¬ 
tillate was obtained. 

Three liquefactions of the residues were usually necessary for the re¬ 
moval of all the methane. 

When the methane- and nitrogen-free residue was liquefied for the re¬ 
moval of the, ethane, the vapor pressure of the mixture was about 2 mm. 
at — 155 0 and about 4 mm. at —145 °. When nearly all the ethane was re¬ 
moved and pressure dropped off suddenly to 0.0 mm., the pumping was 
stopped. The residue was again liquefied and treated in the same manner 
until all the ethane was removed. Three successive treatments of the 
residues were usually sufficient. 

After the removal of the nitrogen, methane, and ethane from the mix¬ 
ture had been accomplished, it became necessary to separate the pro¬ 
pane from the butanes, etc. This was accomplished at — 130° to — 120°. 
The vapor pressure at —130 0 wamfixmt 0.5 mm., and about 1 mm. at 
—125 °. The prJptre dropped suddenly to 0.0 mm. after nearly all the 
propane had been removed. The residues were then treated as previously 
described, until all the propane had been removed. .The final residue 9on- 
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sisted of the butanes and any vaporsfatf the liquid hydrocarbons that were 
present. There follows a list of the constituents found by the TOregoing 
method. 


Constituents 

Cc 

Per cent 

Nitrogen 

23 8 

1 6 

Methane 

1297 4 

84 7 

Ethane 

144 5 

9 4 

Propane 

46 1 

3 0 

Chiefly Butanes 

19 2 

1 3 

Total 

1531 0 

100 0 


In Table V i§ given a diagram of the various steps in the separation of 
a natural gas into its constituents by means of fractional distillation at 
low temperatures. It will be noted that the original volume of the sample 
was 1531.0 cc. The sample was first liquefied with liquid air and a dis¬ 
tillate of 1311.3 cc. obtained with the mercury pump. A residue of 219.7 
cc. was left behind. Both the residue and distillate were again treated at 
the temperature of liquid air. From the residue there was obtained 9.9 
cc. more of methane, but no residue remained behind upon treating the 
distillate of 1311.3 cc. The sum total of 9.9 cc and 1311.3 cc. represented 
practically all of the methane and nitrogen in the natural gas sample. 
The distillate from the reliquefaction of the residue contained 110 methane* 
as determined by a further treatment at the temperature of liquid air. 

After the methane had been separated, there remained a residue of 209.8 
cc., consisting of ethane and higher paraffin hydrocarbons. This residue 
was cooled at temperatures ranging from — 140° to — 125 0 and as much 
gas removed with the pump as possible. Ethane and some propane were 
obtained (133.3 cc.) and a residue of 76.5 cc. remained behind. The dis¬ 
tillate was then cooled to temperatures tanging from — 150° to —135° 
and a distillate of 124.7 cc. obtained, and a residue of 8.6 cc. This 8.6 
cc. residue was added to the 76.5 cc. residue and the total, 85.1 cc., 
cooled from — 138° to — 130° and pumped. The distillate of 34.8 cc. 
obtained was added to the 124 7 cc. distillate previously obtained and the 
total 159.5 cc. were cooled and pumped at a temperature that did not rise 
above — 135 °. There was obtained a distillate of 147.0 cc. and a residue 
of 12.5 cc. The 147.0 cc. distillate was then cooled and pumped at a tem¬ 
perature not higher than — 140°. The distillate, 144.5 cc., was found to 
be pure ethane. The residue from this last treatment, 2.5 cc., was added 
to riie rest of the methane- and ethane-free gas for the propane treatment. 
The separation of the propane and butane was carried on in a manner simi¬ 
lar to the methane and ethane separations except for the use of lower 
temperatures. 

Temperature measurements were made with two pentane thermom¬ 
eters. They agreed closely with each other and gave for the melting 
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34.8 cc. 50.3 cc., 
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point erf chloroform —62of carbon disulfide —m°, and boiling point 
of fresh liquid air —193 *. The true melting point of chloroform is 
—63.7°, and of carbon disulfide —m.6°. All temperatures are in 
degrees centigrade. 

Summary. 

A method of* separation of a natural gas into its paraffin hydrocarbons 
is shown. At a temperature of —185° to —190 0 the methane can 
be removed. The separation of the methane from the propane, butane, 
etc., is conducted at temperatures ranging from —150° to —140°. 
The propane is separated from the butanes, etc., at temperatures ranging 
from —135 0 to —120°. 

This method of separating a gaseous mixture into its constituents while 
somewhat involved is the only known method in the case of some hydro¬ 
carbons. It can be extended to the separation of other gaseous mixtures. 
The authors have separated other natural gases but the example given 
herein is sufficient to describe the method. 


[From the Chemical Laboratory op the Hospital of the Rockefeller Institute 
for Medical Research.] 

DETERMINATION OF ARSENIC IN ORGANIC MATTER. 

By Maxxam Vxnoorad. 

Received April 22. 1914. 

Oxidation of the Tissue for the Determination of Arsenic .—The use of 
minimum quantities of reagents in oxidizing tissues for the Marsh test 
is important, because it is very difficult to get certain reagents, such as 
nitric acid, absolutely free from arsenic. Another important consideration 
is the prevention of the escape of the arsenic at the moment of carboni¬ 
zation of the tissue, since, as is well known, arsenic is volatile at the tem¬ 
perature of the oxidation. Both of these difficulties were avoided by Ber¬ 
trand 1 , who showed that dried substance # could be conveniently burned 
in a Bertholet bomb with pure oxygen under 25 to 30 atmospheres pres¬ 
sure. The only disadvantage of Bertrand’s method for general use is 
that analytical laboratories are not ordinarily equipped with the Berthelot 
apparatus. 

Because of this fact, apparently, investigators have continued experi¬ 
menting with methods of oxidation which could be carried out with the 
facilities usually available. 

Chittenden ancf Donaldson, in 1880, published a paper describing in 
detail a simple method for partial oxidation of tissue with relatively small 
amounts of nitric and sulfuric adds, the carbonaceous residue being ex¬ 
tracted with water mid used for the Marsh test. 1 This method added 
1 Bertrand, Ann. de ITnst. Pasteur, 1903, 581. 

1 Am. Chem. J., a, 335. 
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greatly to the reliability of the arsenic determinations in tissue. It re¬ 
quired 100 grams of material, however, and the incomplete oxidation 
rendered the subsequent extraction of the charred residue rather laborious. 
Consequently other methods for the oxidation have continued to appear, 
not all of which can be regarded as improvements. 

Karl Ulmann, 1 following Gautier’s method, used a mixture of nitric 
and sulfuric acids in quantities twenty-fold the amount of tissue used. 
The tissue examined is heated for 6 to 36 hrs., according to its character, 
on a sand bath. A somewhat different method was used by Lockemann.* 
The tissue was first disintegrated by heating with an equal weight of a 
nitric-sulfuric acid mixture. Oxidation was completed by fusion with a 
mixture of sodium and potassium nitrates. These methods involve both 
the use of relatively large amount of reagents and the danger of volatiliza¬ 
tion of arsenic during the oxidation. 

The application of the ordinary Carius’ technique for organic analyses 
obviates both difficulties and we have found that it gives excellent results. 
With a sealed tube, loss by volatilization is impossible, and the appli¬ 
cation of high temperature and pressure enables one to complete the oxi¬ 
dation with a small amount of nitric acid. Thus, 1 cc. of nitric acid is 
sufficient to oxidize 3 cc. of blood serum, or 100 cc. of spinal fluid, or 0.5 
g. of dry tissue. The method described in this communication «as been 
used chiefly in the determination of arsenic in blood, tissues, and spinal 
fluid, after intravenous injections of salvarsan. The exact technique 
employed in testing these various substances is as follows: 

The Oxidation of the Blood .—In the experiment under consideration 
1 cc. of blood is put into a small test tube (about 6 cm. long and 5 mm. 
wide.) This tube is carefully lowered into a regular bomb tube, which 
contains 1 cc. of fuming nitric add. The bomb tube is then sealed in the 
ordinary way and heated slowly to 260°. At this temperature the heating 
is continued for an hour or two, at the end of which time the oxidation is 
complete. The tube then contain® « clear liquid of yellowish color, due 
to the nitrous oxides. Any arsenic present will have been completely 
converted into arsenic acid. The combustion oven with the tube is cooled 
to room temperature, and the pressure is released in tfye usual manner by 
melting the capillary point. The tube is then opened and the contents 
washed with distilled water into a 200 cc. Jena Kjeldahl flask. The 
liquid is evaporated until only about 15 cc. are left. This is then further 
heated with 4 to 5 cc. of sulfuric add until all traces of nitric add are 
driven out, as nitric add appears to be a disturbing agent in the process 

1 Karl Ulmann, “Zur Frage der Parasitotropie und Toxizitat des Sftlvarsaas,” 
Wien, klin , Wochschr., 1913, No 6. 

* Lockemann, “Uber den Arsennachwds mit dem Manduchen Apparat,” Z. 
an tew. Chem., 18, 416 (1905). 
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of the determination of arsenic. In order to dilute this sulfuric add, it 
is washed with a known quantity of distilled water (about io cc.) into, a 
small graduated cylinder* Distilled water is then added to make up the 
total volume to seven times the volume of the original sulfuric acid* 

Oxidation of the Tissues. —The different parts, such as lungs, liver, 
kidneys and parts of the muscles, are dried thoroughly in porcelain dishes 
on a water bath, and are then ground to a powder. Up to 0.5 g. of dry 
tissue is taken for oxidation by the method described above. In case the 
tissue sarnie is small enough to go into the test tube, drying is unnecessary. 

The Oxidation of Spinal Fluid .—In the determination of arsenic in the 
spinal fluid, 100 cc. of the fluid are put into a small, round-bottom crystal¬ 
lizing dish and evaporated nearly to dryness on a water bath. The semi¬ 
solid residue is transferred, as completely as possible, to a small tube (about 
6 cm. long and Va cm. wide). The remaining traces are washed with 1 
cc. of fuming nitric acid into the bomb tube. The small tube is lowered 
into the bomb tube, which is then sealed. The rest of the process is iden¬ 
tical with the treatment of the blood, described above. 

Determination of Arsenic in the Solution by Sanger and Black's Method .— 
The application of Gutzeit’s color reaction, of hydrogen arsenite with 
mercuric chloride paper, to the determination of small amounts of arsenic 
has been carefully worked out by Sanger and Black. 1 We will describe 
briefly the use of the method with solutions of oxidized tissues prepared 
as above described. 

The apparatus is shown in Fig. 1. A bottle with a wide opening, of 
40 cc. capacity, is stoppered with an arsenic-free, two-hole rubber stopper 
(prepared by boiling for an hour in 5% NaOH solution). A 5 mm. glass 
funnel-tube, drawn out to 1 mm. at the lower end, passes through one 
perforation of the stopper and reaches to the bottom of the bottle. 
Through the other perforation passes a bent piece of glass tubing, through 
which the gases can escape. This tube, is connected by means of a small 
calcium chloride tube, in which lies, next to the stopper, a rolled strip of 
filter paper saturated with lead acetate to absorb hydrogen sulfide. The 
bulb of the tube is filled with absorbing cotton, dried in a desiccator. The 
long part of the tube, the diameter of which is 5 mm., carries a strip of 
drawing paper, about 5 mm. wide and 7 cm. long, saturated with a 5% 
solution of mercuric chloride. These strips are prepared by immersing 
them in the mercury solution and then drying at room temperature. 
They are kept in ft test tube containing, on the bottom, several pieces of 
calcium chloride, covered with absorbing cotton. In order to make the 
generation of hydrogen continuous, a sheet of platinum is placed on the 
bottom of the apparatus. On top of the platinum are placed 3 g. of zinc, 
1 Sanger and Black, Proc. Am. Acad., 43, 297 (1907); J. Soc . Chem. lad., aft, 1x15 
(1907); Z. anarg. Chem., 58, 121 (1908). 
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thenio oc. of special diluted "sulfuric sudd (see above) ate poured in. Ten 
minutes after this, the solution to be tested for arsenic is poured in. The 
presence of arsenic is determined by the coloring of the end of the strip 
nearest the bulb. The 
quantity of arsenic is 
determined by the 
depth to which the 
yellowish orange color 
attains. The method 
is sensitive to less 
than o.ooi mg. of 
arsenic. 

All the glass and 
porcelain apparatus 
used must be tested 
for arsenic, and only 
such taken as proves 
to be free from it. 

The sulfuric add is 
usually found to be 
free from arsenic. 

The greatest difficulty 
was encountered with 
the zinc, but the 
brand called “Bertha 
Spelter,” from the 
• New Jersey Zinc Com¬ 
pany of New York, recommended by Sanger and Black, proved to be 
arsenic-free. The zinc was delivered to us in large pieces. These were 
melted in French day crutibles and the molten mass poured into water, 
where it solidified in small pieces suitable for the experiments. 

N*w Yo*K, N. Y, 

PARTITION OF THE NITROGEN OF PLANT, t YEAST, AND 
MEAT EXTRACTS. 

By F. C. Coo* 1 
Received April 22, 1914. 

Introduction. 

An investigation of the nitrogenous and other constituents of meat 
extracts, bouillon cubes, and plant extracts was recently reported by 
Micko.* In previous papers he* discussed the purine bases of meat and 

1 Physiological Chemist, Animal Physiological Chemistry Laboratory. 

* Z. Nahr. Genussm ., a6, 321 (1913). 

* Ibid , 5, 193 (1902); 6, 781 (1903)* 
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yeist extracts and stated that xanthine add byjxxKln thine predominate 4 ft 
meat extracts, while adenine and guanine predominate in yeast extracts. 
The writer 1 has published analyses and tests for distinguishing yeast a* 
tracts from meat extracts and has recommended the creatinine test as 
the most satisfactory. In a recent article he 3 stated that meat extracts 
give higher total nitrogen results than plant extracts and suggested the 
value of the creatinine and phosphoric acid figures in determining the 
relative amount of meat extract present in bouillon cubes. 

This study was undertaken in order to find some means of identifying 
the three classes of extracts, by determining the nitrogen constituents 
present, and to obtain information in regard to the nitrogenous composi¬ 
tion of these extracts. 

Experimental. 

Description of Extracts .—Five samples of meat extract, one of yeast ex¬ 
tract, and seven of plant extract, all of them commercial samples of un¬ 
known history, were examined. All had a pasty consistency and similar 
odor and taste. The meat extracts were semi-solid extracts, which are 
usually prepared by evaporating in vacuum pans the liquor obtained in 
the packing houses during the cooking of beef preparatory to canning. 
The yeast extract was prepared from exhausted beer yeast. The yeast, 
after being washed, yielded on hydrolysis a liquor which was subjected 
to the same general treatment as the liquor from the beef. The plant or 
vegetable extracts are more completely hydrolyzed products than either 
meat or yeast extracts. Such extracts are prepared from soy beans and 
concentrated extracts of vegetables and herbs, as leek, celery, parsnip and 
onion with the addition of sodium chloride after concentration in vacuum. 

Description of Methods .—The total nitrogen* was determined by the 
Kjeldahl-Gunning method. 4 The samples were digested for four hours, 
as better results for total nitrogen are obtained when the digestion is car¬ 
ried on for four hours than for shorter periods. 

Ammonia was determined by the Folin and Macallum 6 method as out¬ 
lined for urine. The precipitation with acid-alcohol has not been com¬ 
pared directly with other precipitation methods. This method has been 
used by Rippetoe to distinguish plant from meat extracts and was sug¬ 
gested by him to the writer. He outlines the procedure as follows: 

"Transfer io cc. of an aqttepus solution of the extract (io cc. equal i g.) to a 200 
cc. glass stoppered measuring cylinder, add 1.2 oc. of a 12% hydrochloric acid solution, 
mix and add absolute alcohol to 200 cc. mark, mix thoroughly and set aside for several 

1 U. S. Dept. Agr. Bureau of Chemistry, Bull. X14 and Cir. 62. 

1 J . Jnd. Eng. Chem. t 5, No. xa (1913). 

* The nitrogen determinations were made by the Nitrogen Laboratory of this 
Bureau. 

4 U. S. Dept. A^r. Bureau of Chemistry, Bull. 107, Rev. 

1 /. Bid. Chdn., u, 323 (1912). 
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Mm At to* to 25°. I! necessary, make up to mark, filter, and transfer zoo cc. to a 
Kjeldahl flask, evaporate alcohol on water bath and determine nitrogen in residue ” 

The tannin salt precipitation 2 was carried out, using tannic add of the 
highest purity obtainable, as required by this method. The writer in 
applying this reagent has always used a pure tannic add which is stated 
to have been prepared from Chinese gall nuts. 

Solutions of all the extracts were treated according to the formol titra¬ 
tion method of Sdrensen* and the Van Slyke* method for ammo nitrogen. 
The dark color of the extracts interfered with the end points of the Sdr¬ 
ensen method, and the results obtained were not satisfactory. The 
ammonia was determined in a separate sample and the results in the table 
are corrected for ammonia. The Van Slyke method was successfully 
applied to water solutions of the extracts. 


Tabulation of Results—Partition of the Nitrogen of Plant, Yeast and 

Meat Extracts 

JSJ a Percentage of total nitrogen 
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Total creatinine was determined by the Benedict-Myers* autoclave 

1 J Am Chem Soc , ia, 1485 (1906) 

1 Btochem Zcit, 7, 45 (1908) 

• J Bud Chem , 9, 185 (1911) 

4 15% of ammonia nitrogen included 

• No correction for ammonia, no determination 

• Am J Physiol, x8,397 (1907) 





wetted* and purine n te o ge n macmuling to Sehittenhelm,* as applied te 
meat extracts by the writer . 1 

Discussion of Results. 

As 9een in the table, the meat extracts' gave higher total nitrogen results 
than the plant or yeast extracts. Nevertheless, more ammonia was ob¬ 
tained from the plant than from the meat extracts. Micko reports 4.22% 
of total nitrogen, as ammonia nitrogen, in a sample of meat extract and 
states that the ammonia nitrogen should never exceed 6% of the total nitro¬ 
gen of a meat extract. His results were obtained by distilling with mag¬ 
nesium oxide and are considerably higher than the ammonia results given 
in the table, which were obtained by the Folin method. The magnesium 
oxide method is recognized as yielding more than the ammonia nitrogen. 8 
The results for the plant extracts vary from 6.03 to 12.98% of the total 
nitrogen and are so much higher than the meat extract figures that the 
ammonia determination becomes of value in distinguishing a plant from 
a meat extract. 

The plant and yeast extracts gave no biuret reaction, and are therefore 
more completely hydrolyzed products than the meat extracts, which gave 
this test. Meat extract Samples 3 and 5 were exhausted before this test 
was made. 

Only the total creatinine present in the meat extracts was determined. 
Some creatine, as well as creatinine, is present, but, both having a common 
origin, namely, the creatine of the muscle, there is no object in determining 
the relative amounts of these two substances. No creatine or creatinine 
was found in the plant and yeast extracts. Their absence makes this de¬ 
termination of the greatest value in distinguishing a yeast or plant ex¬ 
tract from a meat extract. The total creatinine nitrogen comprises from 
22.49% to 32.42% of the total nitrogen of the meat extracts reported in 
the table. Micko, in referring to the creatinine content of meat extracts, 
stated that 20%, or more, of the nitrogen of a meat extract is present as 
creatinine nitrogen. 

The purine nitrogen results for the plant extracts were exceedingly 
low, the highest yielding but 0.46% of the total nitrogen as purine nitrogen. 
The yeast extract contained 11.22% of its nitrogen as purine nitrogen, 
and the meat extracts, with the exception of extract No. 5, gave from 2.86 
to 4.92% of their nitrogen in this form. Micko reports 7.3% of the nitro¬ 
gen of a meat extract as purine nitrogen and states that the purine nitrogen 
of meat extracts should comprise from 6 to 8% of the total nitrogen. 
These figures are higher than the results reported on the table, which were 
obtained by the Schittenhelm method. The method employed by Micko 
1 Z. Physiol Chem,, 39, 199 (1903). 

* U. S. Dept. Agr , Bur of Chem., Bull \ X14. 

1 Ibid., 132, p. 20 
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wmtimimt thod of the “Codex Alimentarius Austriacus." The results 
for purine nitrogen are interesting, not only in showing analytical dif¬ 
ferences in the plant and meat extracts, but also for the reason that no 
determinations for purine nitrogen in plant extracts have been reported 
in the literature 1 so far as the writer knows. 

Comparison of the Precipitation Methods. —The plant extracts gave a 
much larger percentage of nitrogen in the phosphotungstie acid filtrate 
than the yeast or meat extracts. All of the nitrogen of the plant extracts 
was present in the hydrochloric acid-alcohol filtrate. This was true of 
meat extract No. 3 in the table. Similarly the tannin-salt reagent, when 
applied to plant extracts, showed most of the nitrogen in the filtrate. 
The yeast extract gave a cloudy filtrate from the acid-alcohol and tannin- 
salt precipitations; all the other extracts gave clear filtrates in these cases. 

Comparison of For mol and Van Slyke Methods. —The formol method 
gave lower figures for amino nitrogen than the gasometric method of Van 
Slyke. As the formol method should include both the amino nitrogen and 
ammonia nitrogen, we would expect to obtain higher results than with 
the Van Slyke method, which includes the simple aliphatic amirio nitro¬ 
gen and 15% of the ammonia nitrogen. The formol method is based on 
the idea that for each carboxyl group there is a corresponding amino group. 
The amino groups combine with the formaldehyde and the carboxyl 
groupte are free to be titrated with standard alkali. That this does not 
hold true in these extracts is apparent from the results obtained. The 
results by the formol and Van Slyke methods, however, show the same 
general tendencies as the precipitation methods, that is, where the pre¬ 
cipitating reagents gave a low percentage of nitrogen in the filtrate (amino 
nitrogen) low amino nitrogen figures were obtained by these two methods. 
From the point of view of accuracy the Van Slyke method is undoubtedly 
superior to the formol method, which apparently gives results which are 
far too low when applied to extracts, as has been done here; and that, in 
spite of the tendency to overrun the end point on account of the dark 
colored solution of the extracts. 

Summary. 

There is great variation in the precipitating power of the different 
reagents compared. Photosphungstic acid precipitated the highest, 
tannin-salt the next highest, and acid-alcohol the lowest percentage of 
the nitrogen of the extracts examined. 

The formol titration method of Sorensen gave lower results for the amino 
nitrogen in meat, plant, and yeast extracts than the Van Slyke method. 

All of these methods showed that a larger percentage of the nitrogen 

1 Since the above was written Micko’s paper (Ldc. cit.) appeared, which contains 
four purine nitrogen results for plant extracts. 
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wai present in a more completely hydnolyred state, m the plant tfumin 
the yeast or meat extracts. 

No creatine or creatinine and very little purine nitrogen was found in 
the plant extracts. The yeast extract showed high purine nitrogen and 
no creatine or creatinine. Plant and yeast extracts gave no biuret re¬ 
action but the meat extracts examined gave this reaction. 

All of the nitrogen of the plant extracts was found in the filtrate after 
applying add-alcohol, and consists chiefly of mono-amino adds and am¬ 
monia. About 25% of the nitrogen of the meat and yeast extracts is 
predpitated by add-alcohol. The plant extracts yield a much larger 
percentage of nitrogen as ammonia nitrogen than the meat or yeast ex¬ 
tracts. 

In differentiating these three classes of extracts, the creatinine, ammonia, 
purine nitrogen and add-alcohol determinations are of value to the food 
analyst. 

Bureau 09 Chemistry, 

XMmmmmt ow Agriculture, 

Washington, D. C. 


[Contribution No. 37 from the Laboratory ok Biological, Chemistry of the 
Station for Experimental Evolution, the Carnegie Institution of 
Washington.] 

STUDIES ON THE CHEMISTRY OF EMBRYONIC GROWTH. H. 
COMPARATIVE ANALYSES OF THE EGGS AND OF THE 
NEWLY-HATCHED LARVAE OF THE GIANT SALA¬ 
MANDER, CRYPTOBRANCHUS ALLEGHENIENSIS. 

Bv Rom Azuk Gortnsr. 

Received April 30, 1914. 

Introduction. 

The Problem .—The purpose of this investigation is identical with that 
of the first paper in this series (Gortner, 1913), i. e., to determine whether 
jthe M chemical compounds which are present in the egg enter the growing 
tissues in the same form in which they are laid down in the egg, or whether 
synthetic changes are also taking place so that the material which is present 
in the egg is used, not in its original form but in a modified condition/* 

The distribution of the nitrogenous compounds in the various stages 
of development offers the easiest method of attack. In the preceding 
paper I presented a study of the nitrogen distribution in fresh eggs of the 
brook trout (Satklinus fontinalis L.), and in embryos and young fry at 
different stages in their development. The present paper is devoted to 
a somewhat similar study of the eggs and of the newly-hatched larvae of 
the sala m a n der, Cryptobranchus Allegheniensis, Daudin. 

The Material .—The eggs of Cryptobranchus have proved to be a excel¬ 
lent material for chemical studies. In most amphibian eggs the tough 
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j«H wlfid^kbirounds the egg makes the preparation of the first sample 
very difficult, which fact, combined with the usual small sire of amphibian 
eggs, pwftwMy accounts for our lack of knowledge of the chemistry of these 
eggs. Until very recently only a few eggs of Crypiobranchus had ever been 
found but I was fortunate enough to be assisted in my search for the eggs 
by Dr. Bertram G. Smith, the only person who has ever found them in 
abundance, and I wish to take this opportunity of thanking him for his 
many courtesies. 

The eggs were secured in the northwestern part of Pennsylvania in 
the early part of September. Each female deposits about 450 eggs in 
a hole underneath a rock. The eggs average about 6.2 mm. in diameter 
are bright yellow in color, a rather deep yellow at the lower pole grading 
to a pale yellow at the upper pole, and are inclosed in a gelatinous outer 
envelope about 18 mm. in diameter. These envelopes are joined in a long 
chain by a thin connecting cord so that the eggs as found resemble a long 
string of beads. By cutting the envelope with scissors the eggs are easily 
removed. The vitelline membrane surrounding the yolk mass is very 
delicate, so that the eggs after removal from the outer envelope must be 
handled in water with a large mouth pipette to avoid breaking them. 
For this reason I was unable to secure data as to the weight o* the egg 
before drying. After drying the eggs average about 0.058 g. 

The eggs which were secured in advanced stage of development were 
allowed to remain in shallow dishes just covered with filtered lake water 
until a part had hatched. Smith (1912) gives the time necessary for de¬ 
velopment to hatching as about six weeks. Those which had not hatched 
(but which would have hatched within 48 hours) were released from the 
envelope by cutting with scissors. The newly-hatched larvae are about 
23-25 mm. in length and have a dry weight of approximately 0.057 gram. 

Experimental. 

Th* Mfthod .—Sample 1 consisted of 150 eggs in early cleavage stages; 
sample 2 of 100 larvae at hatchh.g. The eggs and larvae were placed in 
weighing bottles and dried in a water oven at the temperature of boiling 
water. Undoubtedly there are objections to this method of drying, but 
I believe that this is preferable to drying in vacuo at k low temperature, 
since, in the latter, a certain amount of autolysis is almost sure to take 
place. Autolysis is prevented by both the high temperature and by the 
rapid drying of a water oven and I do not believe that the nitrogen ratios 
are altered by such treatment. 

After ascertaining the dry weight, the eggs and larvae were removed 
as completely as possible 1 to an extraction thimble and extracted with an¬ 
hydrous ether in a Soxfilet apparatus for 48' hours. The ether from the 
1 A very small amount, 0.33 % of the total in the case of the eggs and 0.13% in 
the caae of the larvae, persisted in sticking to the walls and sides of the weighing bottles. 
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4ggl become deep golden yellow in cc% while 
ctitdted a yellowish red, Six hours aftejr the 
syphoning was colorless. The ether wo A evaporated 
the residue dried to constant weight at The rei 
was more fluid than that from the larvm 4M the col< 
the same as those of the ethereal solutlOttiU \ 

The residues remaining in the extraction t&ihlbles were next extracted 
with absolute alcohol in a Soxhlet apparatus Wrt’ iS hrs. After the ether 
extraction had been completed the residue in tqpnxtraction thimble was 
still bright yellow and this second yellow ptgmefa proved readily soluble ^ 
in alcohol, being all removed at the end of 6 hrs.’ extrafction, leaving fbtik 
residue a dull gray. The alcohol was evaporated on a 
the residue dried at 90°. This fraction is designatedf\as ^etyttWsMlH 
but alcohol soluble.” ' ** 

The residue remaining from the alcohol extraction was drkxfat 90 
weighed, this being the “protein portion” of the eggs and lariWfe 
The nitrogen partition was determined on the ether soluble and 
ether-insoluble-but-alcohol-soluble portions as follows* 

To the residues in the flasks I added 50 cc. HC 1 of 1.115 sp. g. and 
the mixture on an electric hot plate for 18 hrs. 1 The HC 1 was removed, 
as completely as possible, by distillation on a water bath under a pressure 
of ao mm. and 150 cc. of water and 100 cc. of 95% alcohol added to the 
residue in the flask. An excess of a 10% suspension of Ca(OH)* was then 
added and the ammonia nitrogen distilled off into standard acid under a 
vacuum of 20 mm. at 40-45°. 

The mixture remaining in the flask, after the removal of the ammOnia 
nitrogen, was filtered and the residue washed with hot water until chlorides 
were removed. The nitrogen in the residue on the filter was determined 
by the Kjeldahl method and recorded as humin nitrogen. In this fraction 
is included not only the true “humin” nitrogen, nitrogen of 

any nitrogenous lipm which has not beenjjMMhppWater soluble by the 
odd hydrolysis, as well as any basic compound which forms 

an insoluble calcium salt. 

The filtrate from the humin nitrogen WaJMLporated to a small volume 



1 Of cdurse there are objections to this hydrolysis with acids, but, since the nitrog¬ 
enous compounds are of the nature of lipins, if they were not hydrolyzed with acid 
{or alkali) the grader part, if not all, of the nitrogen Would be folfod water insoluble 
and therefore appearing m the humin nitrogen fraction as a result of adsorption jgg| 
precipitation with the Ca(OH) s By add J^drolysis under constant conditions*®!* 
should obtain comparative results, and afwJPI study of the behavior of the known 
nitrogenous lipins and other nitrogenous compounds which would be dissolved by either 
the ether or the aledhol extraction to acid hydrolysis (which study I hope to make 
soon) it tnay be possible to determine, to some extent, the nature of the compounds 
with which we are dealing. 
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under dinainashed pressure and then washed into a 200 cc. Ertenmeyer 
flask. Nine cc. of cone. HC 1 and sufficient water were added to make the 
volume 100 cc. and, after heating, 7.5 g. of phosphotungstic add were 
added and the mixture set aside in a cool place for 48 hours to permit the 
basic phosphotungstates to separate. The preripitate was washed as di¬ 
rected by Van Slyke (1911) and the nitrogen content of the bases deter¬ 
mined ^HCjeldahl. 

The entire filtrate from the bases was concentrated in a Kjeldahl flask 
and the^npn-basic nitrogen determined by Kjeldahl’s method after the 
addition of 35 cc. cone. H 2 S 0 4 , 15 g. K2SO4, and 0.25 g. CuSOi. 

The “protein fraction” of the eggs and larvae was analyzed in exact con¬ 
formance with my modification (as regards dilutions, etc.) of Van Slykes’ 
method (1911, 1912) as already described in This Journal (Gortner, 
1913), so that a second detailed description is unnecessary. 

The analytical data follow: 

Sample 1 .—150 eggs removed from the uterus and fertilized artificially 
at 4:30 p.m. Sept. 6th. These eggs were allowed to develop until 3 p.m. 
Sept. 9th, when they were carefully removed from their envelopes and the 
drying was begun. 

Weight of 150 eggs dry at ioo° = 8.7381 g. 

Ether soluble portion = 1.6772 g. 

Nitrogen in ether-soluble portion = 0.00378 g. divided as follows: 

Ammonia N ® o 30 cc 01 N acid indicating o 00028 g. N in 100 eggs. 

Humin N *= 1.20 cc. 0.1 N acid indicating 0.00112 g. N in 100 eggs. 

Baste N * 0.30 cc. o.i N acid indicating 0.00028 g. N in 100 eggs. 

Non-basic N «= 0.90 cc. 0.1 N acid indicating 0.00084 g. N in 100 eggs. 

Alcohol-solublc-but-cther-insoluble-portion «* 0.9945 £• 

Nitrogen in alcohol fraction 0.0105 g., divided as follows: 

Ammonia N = 0.15 cc. 0.1 N acid indicating 0.00014 g. N in 100 eggs. 

H0 Mftyp «* 1.80 cc. 0.1 N acid indicating 0.00168 g N in 100 eggs. 

* Basic N * 4.10 cc. 0.1 JV acM indicating 0.00382 g. N in 100 eggs. 

Nm-basic N « 1.45 cc. 0.1 N acid indicating 0.00136 g. N in 100 eggs. 

Protein fraction (1 insoluble in ether or alcohol) « 6.0385 g.* 

Nitrogen in the protein fraction ■» 0.8631 g., distributed as follows: 

Ammonia N = 62.4 cc. 0.1 N acid indicating 0.0582 g. N in 100 eggs. 

Humin N 14.1 cc. 0.1 N acid indicating 0.0132 g. N in soo eggs. 

1 It was impossible to begin the drying at an earlier stage b ec ause of the nec e ssity 
of transporting the material from western Pennsylvania to the laboratory. There 
should be some delay before eggs are taken for development studies in order to see 
whether the eggs are fertile and would develop. The eggs forming my sample were 
probably in Stage 8 (Smith 1912) and had developed to probably 256 cells, perhaps 
Slightly more. It is highly improbable that this amount of development could have 
caused any chemical changes large enough to be detected by my methods of analysis. 

* A Might loss occurred in removing the dried eggs from the weighing bottle to the 
extraction thimb le so that the ether + alcohol -f protein fractions only total 99-67% 
of the dry weight. 



The filtrate from the htaam was made to aoocc, and nitrogen hi ^filtrate from 
the humin determined on 10 cc. portions, (i) 26.90 and (2) 27.10 cc. o.|W acid indica¬ 
ting 0.5040 g. N in the filtrate from the humin is 100 eggs, t 

The banes were precipitated by the addition of 18 cc. cone. HC 1 and 15 g. Of phos- 
photungstic acid to 160 cc. of the above solution. 

' Arginine N {on l /t of the bases) ** 17.0 cc. o.x' N acid indicatin#«*©793 g. N in 
too eggs. 

Total basic N (on Vs bases + arginine) » 74.15 cc. o.x N acid ipdio^Kng 0.1730 
g. N in 100 eggs. w* 

Amino N in bases (from 5 cc.) *» 19.25 cc. N at 23 0 and 768 mm. (from 7.5 cc.) «* 
29.2 cc. N at 22° and 768 mm. indicating 0.0916 g. amino N in^fihe^aases of 100 
eggs. 

Cystine N (on 10 cc.) * 0.0050 g BaSO* indicating 0.00126 g Nin 100 eggs. 
Histidine N (calc.) «* 0.0329 g. in xoo eggs. 

Lysine JV (calc.) * 0.0595 g. in 100 eggs. 

Nitrogen in the filtrate from the bases (made to 200 cc.) =* (on 25 cc. portions) 
35.20 and 35.60 cc. 0.1 N acid indicating 0.3304 g, N in 100 eggs. 

Amino N in the filtrate from the bases *= (on 10 cc.) 33.9 cc. N at 21.5 0 and 749 
mm. and 33.8 cc. N at 21.5 0 and 750 mm. indicating 0.3142 g. amino N in 100 
eggs. 

^ v These data calculated to per cent, of the total nitrogen of the egg form the 
fourth column, and the weight 'of nitrogen in g. forms the first column in 
Table II. 

Sample II. —100 larvae at hatching. Some had just hatched while 
others were released from the membrane. 

Weight of 100 larvae dry at ioo° * 5.7285 g. 

Ether soluble portion * 1.2747 g. 

Nitrogen in ether soluble portion * 0.00455 g. divided as follows: 

Ammonia N *> 0.45 cc. 0.1 N add indicating 0.00063 g. N. 

Humin N » 1.60 cc. 0.1 N acid indicating 0.00224 g. N. 

Basic N ■* 0.20 cc. 0.1 N add indicating 0.00028 g. N. 

Non-basic N » 1.0 cc. 0.1 N acid indicating 0.00x4 g. N. 

A kohol-soluble-but-ether-insoluble portion — 0.6179 g. 

Nitrogen in alcohol soluble portion * 0.0111 g. distributed as follows. 

Ammonia N ■» o.io cc. N acid indicating 0.00014 g. N. 

Humin N ** 1.70 cc. 0.1 N acid indicating 0.00238 g. N 
Basic N • 3.50 cc. 0.1 N add indicating 0.0049 rf'N. 

N on-basic N * 2.65 cc. o 1 N add indicating 0.0037 g. N. 

Protein residue (insoluble in alcohol and ether) «■ 3.8278 g. 1 
Nitrogen in the protein residue * 0.5688 g., distributed as follows* 

Ammonia N *= 42.60 cc. 0.1 N add indicating 0.0596 g. N. 

Humin N » 9.70 cc. o.x N add indicating 0.0x36 g. N. 

The filtrate from the humin was made to 200 ce. and the nitrogen content 
determined on 10 cc. portions ~ 17.7 and 17.7 cc. 0.1 N add, indioating 
0.4956 g. N in the filtrate from the humin. 

1 The ether -f akchol 4* protein fractions total only 99.85% of the dry weight 
because of a slight loss which occurred by incomplete removal from the weighing bottle. 
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Tfc**b**es were precipitated from 160 cc. of the above solution, and were finally 
made to 0a cc. volume. 

Arginine N (on 1 /s bases) ■* r 1.6 cc. o.i N acid indicating 0.08x2 g. N. 

Total N in the bases (on Va bases + arginine N) * 49.05 cc. 0.1 N acid indicating 
0.1717 g. N. 

Amino N in bates - (on 5 cc.) 13.10 cc. N at 23 0 and 768 mm. and (on 8.5 cc.) 

21.3 cc. N at 24° and 769 mm. indicating 0.09x1 g. N. 

Cystine N -* 0.0044 8- BaS 0 4 (on 10 cc.) indicating 0.00165 g. N. 

Histidine N (calc.) « 0.0288 g. N. 

Lysine N (calc.) — 0.0600 g. N 

Tim filtrate from the bases was made to 200 cc. and nitrogen found on 25 cc. por¬ 
tions * 22.80 and 22.80 cc. o 1 N acid indicating 0.3192 g. N. 

Ammo N in the filtrate from the bases = (on 10 cc.) 21.3 cc. N at 21 0 and 764 mm. 
and 21.3 cc. N at 20.5 0 and 763 mm. indicating 0.3035 g. N. 

These data calculated to per cent, of the total nitrogen in the larvae form 
the fifth column and the percentage change from egg to larvae forms the sixth 
column in Table II. The weight of the nitrogen in grams per 100 larvae 
forms the second column and the change of nitrogen in grams in the de¬ 
velopment of the egg to the hatching stage forms the third column in 

Table II. * 

* * 

Table I. —Comparative ^nalys&b of Cryptobranchus Eggs and of the Larvae 
% r at Hatching. 

* r Weight in grama. Percentage*. 



100 egg*. 

100 larvae. 

Change. 

Egg*. 

Larvae. 

Change. 

Dry weight. 

58254 

5.7285 

—O 0969 



—1.66% 

Ether sol. 

Wther insol. but alcohol 

1 1182 

1.2747 

-fo 1565 

19.19 

22.25 

43-06 

sol. 

0.6630 

O.6179 

—O.0451 

11.38 

10.78 

—0.60 

Protein. 

4 0256 

3.8278 

—O 1978 

69.10 

66.82 

— 2 28 

N content. 

0.5849 

O.5845 

— O.OOO4 




N in ether. 

0.00252 

0.00455 

4-o. 00203 

0 44 

0.78 

4 - 0.34 

N in alcohol. 

0.0070 

O.OI1I 

4-0.0041 

1.20 

1 90 

4 * 0.70 

N in protein. 

0 5754 

0.5688 

— 0 0066 

98 37 

97 30 

— 1.04 

% N in protein fraction.. 


Discussion. 

14.30 

14 86 

4-0.56 


Although the analyses recorded in the preceding tables agree in most 
entries so well that we could conclude that the samples analyzed were 
duplicates, there are a few entries which show changes which are certainly 
significant. A careful study of these data has convinced me that all, 
or nearly all, of the nitrogen ratios are altered to some extent as embryonic 
jmrowth progresses, but that the monoamino acids are the more generally 
gwized. Such a conclusion is in excellent agreement with my earlier 
filHngs (Gortner, 1913). 

During the development there was a loss of 1.66% of the dry weight 
(0x1969 g. per 100 larvae) which must be attributed to carbon dioxide 
and water, inasmuch as no nitrogen was lost during this period of growth. 









Table IT.—Distribution of Nitrogen m ioo Cryptobrancbus Egos and Larvae. 


mmAmm Tiwrrii'tr ,< 


*>*« . 




1 







| 

8 


1 


w 


I 

a 

I 






























STUDIES ON THE CHEMI S T RY OF EMBRYONIC GROWTH. U. 1563 

Accompanying this loss in weight there is a very marked gain of fats equal 
to 3«o6% of the egg weight and to an increase of 14% of the fat already 
present in the egg. 

Tangl and Farkas (1904) have observed a similar synthesis of fat in 
developing trout embryos and explain this finding by the assumption 
that there are present, in the egg, glycoproteins which are broken down 
to carbon dioxide, water, glycogen, fat, and “all of the nitrogen of the pro¬ 
tein i 9 retained in the organism in the form of urea (or uric acid),” the dif¬ 
ference in energy content being tl.e “Entwicklungsarbeit.” I believe 
that their hypothesis is in part correct, 1. e. f that the energy of development 
comes from a carbohydrate nucleus, but other parts of their suggestion I 
find to be erroneous. 

Tangl and Farkas submit no proof for their contention that the nitrogen 
of the protein is converted into urea (or uric acid). In discussing this 
phase of their work in my earlier paper, I showed that, in all probability, 
no considerable quantity of either urea or uric acid was present in the young 
trout at hatching and that, therefore, their hypothesis did not hold in its 
entirety. In this series of analyses of Cryptobranchus eggs and larvae 
there can be no doubt that no urea is formed and in all probability none, 
or at most only a trace, of the nitrogen is converted into uric acid. 

The behavior of urea and of uric acid to extraction with ether and al¬ 
cohol was first investigated. The statement that urea is insoluble in ether 
and that uric acid is insoluble in both ether and alcohol seems to find no 
exception in the solubility literature. As I have shown elsewhere, (Gortner 
1914), this statement is not true , for although urea is practically insoluble 
(approx. 0.0004 g- i* 1 100 cc -) in anhydrous ether nevertheless as much as 
0.0720 g. is dissolved in the course of a 48-hour extraction , and while uric t*Sid 
is still more insoluble in absolute alcohol (approx. 0.00008 g. in 100 cc.), 
as much as 0.0260 g. is extracted in 48 hours in a Soxhlet apparatus. 

We should look, therefore, for an increase in Ammonia N in the ether 
soluble fraction if urea-has been formed within the organism, and the 
observed increase, while possibly significant, is only 0.3% of the required 
amount. 1 The entire gain of ammonia N in all three fractions analyzed 
would be only 1.6% of the expected urea N. 

Uric acid would be extracted, at least in part, by the absolute alcohol 
and an increase in ammonia N should follow a synthesis of uric add, 
since I have shown that 15% of the uric acid nitrogen is split off as ammonia 

1 Tangl and Farkas found a gain of 0.38 g. of fat and an energy loss of 3.46 kg. 
Cal. in t he course of the development of 518 trout eggs and theorize that 1.67 g. of 
glycoprotein (9.7 Cal.) must be broken down to 0.38 g. fat (3.5 Cal.), 0.30 g. glycogen 
(1.3 Cal.) and 0.57 g. urea (1.40 Cal.) the difference in calculated heat values being 
3.3 Cal. Using their figures I should find 0.234 8- of urea con tainin g 0.109 g. N due to a 
tynthesis of 0.1565 g. fat. 
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by add hydrolysis (Gortner 19x3, p. 642). There is no gain in nnijlrtlriti 
BY in the alcohol extract and the total gain of N in this fraction fi»n|dy 
an insignificant part of the theoretical uric add nitrogen. We must^ktite- 
jore conclude that no appreciable amount of urea or of uric acid is formbimt 
Cryptobranchus during embryonic growth. 

The analyses show, further, that the origin of the fats synthesized is, 
in a large measure at least, to be found in the protein fraction but thdfc it 
is not a simple protein which has been altered , for, although there is a loss 
of 0.1978 g. from the protein fraction, the nitrogen content of the tart 
portion is only 3.33%, leaving a remaining protein residue with a relatively 
increased nitrogen content. 

The above facts would seem to support only one argument, i. e. f that 
there is present in the eggs of Cryptobranchus a carbohydrate nucleus 
either free (glycogen) or more probably in the form of a glycoprotein 
(ovomucoid?). During the process of development this carbohydrate 
is broken down to carbon dioxide and water with the consequent releasing 
of energy for the * 4 Entwicklungsarbeit, 9 ’ but the breaking down of the 
carbohydrate proceeds more rapidly than is necessary to provide the energy 
of development and, as a result, the surplus energy is stored in the form of 
fat. If the carbohydrate is a part of a protein molecule, the amino adds 
are not “burned” but are utilized in part in their original form and in part 
to furnish the nitrogen for lecithin and other nitrogenous compounds 
necessary for the development of the growing embryo. 

Several additional points demand brief comments. There is a gam of 
nitrogen in both the ether soluble and the ether-in soluble-but-alcohol- 
soluble fractions. It seems possible that the gain in the ether soluble 
fraction is due to a synthesis of lecithins such as Tichmiroff (1885) observed 
in developing eggs of the silk worm (Bonibyx mori). It is very evident 
from the nitrogen partition that the nitrogen in the alcohol extract is 
all, or nearly all, from basic nitrogenous compounds, probably pyrimidine 
or purine bases. Kossel (1886) and Mendel afad Leavenworth (1908) 
have shown that purine bases are synthesized as embryonic growth pro¬ 
gresses in hen and duck eggs. Unfortunately we know too little of the 
solubilities of the purine and pyrimidine bases under conditions of con¬ 
tinuous extraction to deride which compounds would be found in the ether 
extract, the alcohol extract, or which should be insoluble in both alcohol 
and ether. 1 ^ 

One surprising result (to me) of these analyses was the large percentage 
of “ether insoluble but alcohol soluble” compounds in the egg. I know of 
no data dealing with this fraction (as regards non-nitrogenous compounds) 
and should consider it a great favor if any reader could call to my attention 
such data as may exist or suggest the possible nature of these substances, 
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Summary, 

1. The eggs of Cryptobranchus contain two yellow pigments, one being 
9 ohible in ether and the other insoluble in ether but soluble in absolute 
alcohol. 

2. There is a total loss of dry weight (COg and H 2 0) during the devel¬ 
opment of 100 eggs to the hatching stage of 0.0969 g. or 1.66% of the dry 
weight. 

3. There is a gain of fats during development of 0.1565 g. per 100 eggs 
this being equal to an increase of 14% of the fat already present in the 


egg. 

4. There is a loss of 0.0451 g. from the fraction insoluble in ether but 
soluble in absolute alcohol. The significance of this loss is unknown. 

5. There is a loss of 0.1978 g. from the protein fraction, but in all 
probability this is not a loss of a simple protein but of a carbohydrate 
radical which has been broken down to form fat, etc. 

6. There is neither loss or gain of total nitrogen during development. 

7. There is a gain of nitrogen iq the ether soluble portion of 0.00203 g. 
This would indicate a synthesis of 0.1174 g. of di-steryl-lecithin (1.73% 
N), providing all of the nitrogen in the ether soluble portion is counted 
as lecithin, 

8. Themis a gain of 0.0041 g. of nitrogen in the ether-insoluble-but- 
alcohol-l^^fc fracfop. The nitrogen in this fraction is largely basic 
nitrogen; jProably ptB|foe or pyrimidine bases. 

9. There is a loss of 0.0066 g. nitrogen from the protein fraction. 
Nearly all of this loss comes from the mon-amino acids. 

10. There is considerable evidence that the nitrogen ratios in the pro¬ 
tein fraction are not fixed quantities but that some amino acids are more 
jptecessary for the development of the embryo than are others and as a 
ftsult there is a continuous breaking down and recombining of the re¬ 
sulting radicals into new compounds. For example, the gain observed 
for Arginine N, although small, is jfrobably significant. • 

11. No appreciable amount of either urea or of uric acid is formed 
during embryonic development of Cryptobranchus. 

f 12. It seems probable that there is, in the eggs 0/ Cryptobranchus ,“a 
carbohydrate nucleus either free (glycogen) or combined in the form of a 
glycoprotein and that during the process of embryonic growth this carbo¬ 
hydrate is l|^S 3 cen down to carbon dioxide and water with a consequent 
for the “Entwicklungsarbeit,” but the breaking down 
proceeds more rapidly than the needs of growth de¬ 
alt that the surplus energy is stored as fat. 
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TUB INVERSION OF SUCROSE BY INVERTASE. VIII. AN IM¬ 
PROVED METHOD FOR PREPARING STRONG INVER¬ 
TASE SOLUTIONS FROM TOP OR BOTTOM YEAST. 

Bv C, S. Hudson.* 

Received May 15, 1914. 

The Clerget method for estimating sucrose depSi^ upoifl^||#ieasure 
ment of the change in optical rotation which accompanies the hydrolysi^ 
of the sugar. Hydrochloric acid is generally used as the hydrolyst aj* 
though it is known to hydrolyze inulin, raffinose, and some other carbo¬ 
hydrates under the mildest conditions that will accomplish the inversion t 
of sucrose. 

In 1881, it was proposed by Kjeldahl 2 to use the enzyme invertase in 
place of hydrochloric acid in the Clerget method because invertase was 
regarded as a more nearly specific hydrolyst for sucrose. Although it ts 
now understood that invertase hydrolyzes raffinose, gentianose, and stachy- 
ote as well, it seems that these sugars are derivatives of sucrose and thajt 
invertase may still be strictly regarded as a specific hydrolyst of sucrose 
and certain of its immediate derivatives. Kjeldahl used, in one procedure, 
an aqueous extract of yeast to hydrolyze sucrose, and, in an alternative 
one, a portion of yeast added to the sucrose solution which was kept at 52 0 
with a little thymol* added to prevent alcoholic fermentation* As invert 
tape is rapidly, though incompletely, extracted from water, its 

action can be obtained by either of these procedures. KJelifj^fhs untimely 
death prevented the further development of this excellenl^pnalytical 

1 Contribution from the Division of Carbohydrate 
Chemistry. 

1 Compt. rend. Carisberg Laboratoire, Copenhagen, 1, 
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Method and it came into notice next in 1886, when O'Sullivan and Tomp¬ 
son, 1 without knowing of Kjeldahl's procedure, recommended one whidh 
is substantially the same, the only difference being that thymol is not used 
and the mixture of yeast and sucrose solution is kept at 55 °, at which 
high temperature alcoholic fermentation is prevented and the action of 
invertase aided. 

Ling and Baker, 2 and more recently Ogilvie, 3 have followed with success 
O'Sullivan and Tompson’s procedure in the estimation of sucrose in a 
variety of cane and beet products. In 1910, the author 4 sought to improve 
the method by using in place of yeast, a purified aqueous extract of yeast 
which had strong inverting power. The idea was that the main objection 
to the use of invertase, as a hydrolyst in analytical work, came from the 
uncertainty attaching to the use of a substance of such varying properties 
as yeast. It seemed that the method would become more dependable 
if a procedure could be found for preparing a stock solution of invertase 
which would keep well, have a definitely known, and high, inverting power, 
and be as free as possible from impurities. 6 

The first method which was tried was the extraction of invertase from 
living yeast by water, as had been done by Kjeldahl, but the inverting 
powers of the extracts were too low. The slow autolysis of yea^t during 
several weeks keeping at 10 0 to 20 °, which had been recommended by 
O’Sullivan and Tompson as a method for preparing aqueous solutions of 
invertase, was next tried, but while these experiments were in progress, 
H. E. Berger and the author observed that the liquefaction of pressed 
yeast, which is one of the changes that is noticeable during its slow autoly¬ 
sis, can be brought about in a few minutes by allowing the vapors of' 
ether or chloroform to act upon living yeast, and a test showed that the 
fluid which could be filtered from the liquefied yeast had strong inverting 
power. 6 It became possible, therefore, to substitute in place of O’Sullivan 
and Tompson’s method of preparing invertase by very slow autolysis an 
excellent and rapid procedure in which the autolysis is accomplished in a 
few hours by the action of chloroform upon fresh yeast. It was found that 

1 J . Chem. Soc ., 49, 64 (1886); 59, 46 (1891). 

* J. Soc . Chem. Ind . 17, 111-4 (1898). » 

* Ibid , 30, 62-4 (1911); Int . Sugar J ., 14, 89-93 (191*)* 

4 J . Ind . Eng . Chem., 2, 143-C (1910). 

* One recalls, in this connection, O’Sullivan and Tompson’s statement, made in 
1891 ( hoc . cit .), that 4 'The estimation of cane sugar by means of invertase is, without 
doubt, a perfectly satisfactory process. The only disadvantage consists in the diffi¬ 
culty of preparing the invertase. Until the recent publication of our paper on in¬ 
vertase, this objection was practically fatal, and it still forms a great drawback to the 
universal application of the process, as it takes at least three weeks to prepare in¬ 
vertase by our method.” 

1 Salkowski (Z. physiol . Chem., 13, 520 (1889)) has shown that sucrose is rapidly 
inverted by yeast in the presence of Chloroform water. 
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the nqtieous solution which could be filtered from the liquefied ycmtt 
could be purified with only a small loss in its inverting power, by clarifying 
It With an excess of neutral lead acetate, filtering off the precipitate, and 
removing the excess of lead from the filtrate with potassium oxalate or 
hydrogen sulfide. This purification of the invertase solution by the use of 
neutral lead acetate has been confirmed by Euler. 1 The purified solution 
was then dialyzed thoroughly and used as a stock reagent for inverting 
sucrose. 

As ether and chloroform had each caused yeast to autolyze very rapidly 
and give up its invertase, it became of interest to test the action of other 
neutral volatile liquids for the purpose of learning which substance would 
cause yeast to liberate the most invertase. Ether, chloroform, ethyl 
acetate, acetone, carbon tetrachloride, carbon disulfide, kerosene oil, and 
toluene were tried, and it was found that the rapidity of the liquefaction 
of the yeast varied considerably and that toluene caused the liberation of 
far more invertase than did chloroform and that toluene was not surpassed 
by any other of the liquids in this respect.* Accordingly, I have substi¬ 
tuted toluene for chloroform in the method for preparing invertase, with 
an important increase in the inverting strength of the resulting purified 
extracts. These extracts we now use as stock reagents for J e hydrolysis 
of sucrose. kL 

The procedure which is used for the preparation of invemse solutions 
may be understood from the following record. Ten kilos oppressed top 
fermentation yeast, from the Corby Company, Langdon, £). C., were 
kneaded well with 10 liters of tap water and 500 cc. of toluene* at room 
temperature. Liquefaction of the yeast was noticeable in a few hours 
l Z physiol. Chctn., 73, 338 (1911); also “General Chemistry of the Enzymes,” 
English, 1912 edition, p. 26. 

* After our experiments had been completed, it was learned that such volatile 
liquids have been used in “processes for obtaining the contents of yeast cells,” accord* 
mg to the British patent to Ransford, No. 8722, April 27, 1901, and the United States 
patents to Hess, No. 785,733 and No. 785,734, March 28, 1905. The processes which 
are described in these patents are evidently intended for extracting soluble albumin 
from yeast and attention was not directed to obtaining a maximum yield of enzymes 
such as invertase. In these patents, there is no distinction made between the low 
extraction of invertase which results from the action of chloroform and the high ex* 
traction which results from the action of toluene. We have found that the U 9 e of 
ethyl acetate, which is mentioned in' Hess’s patent as particularly suitable for ob¬ 
taining the contents 4 pf yeast cells, gives an extract which is very weak in invertase and 
quite insuitable for our purpose. 

j£pelson and Bom (This Journal, 36,395 (1914)) have recently prepared invertase 

K yeast by allowing the compressed yeast to autolyze slowly at room temperature 
g two to six weeks, toluene being added to prevent bacterial growth. This 
procedure differs from the one here described in that we thoroughly saturate the yeast 
with toluene, after mixing it with an equal weight of water to aid the saturation, and 
thereby obtain a far more rapid autolysis than they produced. 
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and on the third day a test of the activity of the filtered extract from the 
autolysis showed that 3 cc. of it would invert half the sucrose in 50 cc. of 
a 9% sucrose solution, acidified with 2 drops of glacial acetic add and kept 
at 30°, in 5.9 minutes. Other experiments have repeatedly shown that the 
extract exhibits considerable activity on the day immediately following 
that upon which the autolysis was started, but we were unable to test 
this extract so early. The yeast was allowed to autolyze two days longer, 
when it was found that the extract would invert half the sucrose, under 
the conditions recorded above, in 5.6 minutes. On the third day the value 
was found to be 6.4 minutes, showing some loss in activity. Neutral 
lead acetate was .then added until no further pretipitate formed and the 
activity was thereby reduced to 6.8 minutes. Upon treating the filtrate 
with hydrogiMulfide to remove the excess of lead, the activity rose to 
6.3 minutes, tfl#ch shows that there is no considerable permanent loss in 
activity due to the use of lead acetate as a clarification agent and that the 
temporary loss of activity from the first precipitation is caused by a re¬ 
tarding action of the excess of dissolved lead acetate on the invertase. 
It was found, in confirmation of this view, that the addition of lead acetate 
to a purified invertase solution, in which no precipitate formed, caused a 
marked loss in activity. 

The preparation of invertase from bottom fermentation or brewer’s 
yeast by the method which has been described shows some points of 
difference, which may be understood from the following record. Twelve 
kilos of pressed brewer’s yeast from the Heurich Brewing Company, 
Washington, D. C., were kneaded well with 12 liters of tap water and 
750 cc. of toluene at room temperature. On the succeeding day the 
filtered extract showed an activity of 7.2 minutes and on successive fol¬ 
lowing days the number of minutes required for half inversion were 5.7, 
4.3, 3.8 and 3.4. At this point, the lead acetate was added and the ac¬ 
tivity became 4.0, at which value it remained after the excess of lead had 
been precipitated by hydrogen sulfide. It will be observed that brewer's 
yeast furnishes an invertase solution which is almost twice as strong as 
that yielded by top yeast. 

The next step in the preparation of the solutions of invertase is a thtfte 
ough dialysis. It is advisable to carry this out immediately because ffi* 
extracts are markedly add before dialysis and often lose activity rapidly 
in this condition. Neutralization causes a formation of color which does 
not disappear in a subsequent dialysis. The most suitable membrane for 
the dialysis which has been found is a collodion sac which may be formed 
on the inside of a glass cylinder about 5 cm. in diameter and 35 cm. long, 
resembling a large test tube. The collodion solution, which is of Pharma- 
-copeia strength, is poured into the dry test tube, fil l ing it, and wetting 
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th* wafis eVenly. The solution is then poured back into the stock bottle, 
and the film which coats the test tube is allowed to dry with even thickness 
Whfle the tube is gently turned during five or ten minutes. When the 
film has dried until it is no longer sticky, the test tube is filled with water 
and the film soaked for a few minutes. The water is then poured out, the film 
is loosened at the top from the tube, and water is run in between film and 
tube at the loosened place. The pressure of the water loosens the entire film 
and it may readily be removed from the test tube. In order to dialyze the 
invertase solutions, they are poured into the collodion sacs and these are 
immersed in running tap water, a layer of toluene to retard bacterial 
action being on the surface of the solutions. Dialysis is frequently com¬ 
plete overnight, the time required depending much upon the quality of the 
membrane. - 

The dialyzed solutions are colorless, without taste or odor, develop none 
upon boiling, and yield on the average about two-tenths of i% of solid 
material when evaporated to dryness on a water bath. Numerous tests 
have shown that there is no loss of invertase during the dialysis, but the 
absorption of water by the solutions causes some dilution. The dialyzed 
solutions may be preserved with toluene at room temperature and in 
distinction from the dialyzed solutions of other enzymes, they preserve 
their activity well. Dining the first month's keeping the solutions show 
no loss in activity and at the end of a year the activity is about half lost. 
Their inverting strength is enough to cause the hydrolysis of sucrose 
solutions over night, under usual analytical conditions, and is many fold 
larger than that of the invertase solution which was previously recom¬ 
mended, made by hastening the autolysis of yeast with chloroform. The 
dialyzed solutions we have concentrated and even dried without loss 
in activity by boiling at not over 30 0 in a vacuum. This work will be 
described later, when it is hoped that a description of the solid material, 
Which must include the invertase, can be made. 

It may be noted that, though the dialyzed invertase solutions have an 
unusually strong power of hydrolyzing sucrose, test has shown them to be 
jthout any action on a-methyl-glucoside, thus confirming the generally 
pted view that this substance is not hydrolyzed by invertase. They 
show no action upon solutions of maltose or lactose. An interesting 
observation concerning raffinose was noted. H. S. Paine and T. S. Hard¬ 
ing noticed that an ‘ihvertase solution, which the latter prepared from top 
fermentation yeast, obtained from the yeast factory of the Corby Com¬ 
pany, Langdon, D. C., changed the specific rotation of a solution of an¬ 
hydrous raffinose from +123 0 to +63.9°. On the other hand, a similar 
invertase solution which was prepared from bottom fermentation yeast, 
obtained from the Heurich Brewing Company, Washington, D. C., changed 
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the rotation from +123 0 to +14.9 0 . 1 This interesting difference we 
attribute to the presence of an enzyme in the invertase solution from 
bottom yeast which carried the hydrolysis of raffinose a step beyond that 
which invertase causes. Probably invertase and melibiase are in the 
solution which was prepared from bottom yeast, while melibiase is lacking 
in that made from top yeast. This view corresponds to the well known fact 
that top yeast ferments raffinose to alcohol and melibiose, and bottom 
yeast ferments it completely to alcohol. T. S. Harding and the writer 
have worked out an analytical method for estimating raffinose in solutions 
containing other sugars, by utilizing the difference in rotation which is 
observed when the solution is acted upon, first by invertase from top yeast, 
and then by invertase and melibiase from bottom yeast. 

Bureau of Chemistry, Department of Agriculture, 

Washington, D C 

THE INVERSION OF SUCROSE BY INVERTASE. IX. IS THE 
REACTION REVERSIBLE?* 

By C S. Hudson and H S Paine.* 

Received May 15, 1914. 

The synthetic production of sucrose by various plants, ultimately from 
carbon dioxide and water, is a firmly founded fact, though it is not posi¬ 
tively known what substances are the intermediate products in the syn¬ 
thesis. Many plants also synthesize an enzyme of unknown composition 
called invertase, which can accomplish the hydrolysis of sucrose to glucose 
and fructose. Thus the synthesis of sucrose may proceed in plants along 
with its decomposition by invertase. If the last stage in the synthesis 
should prove to be the uniting of glucose and fructose .to yield sucrose,this 
change would represent the reverse reaction to the hydrolysis of sucrose by 
invertase. It has been suggested at various times that the enzyme 
invertase can accomplish such a synthesis of sucrose from glucose and 
fructose, and that therefore the inversion of sucrose by invertase is a 
balanced or reversible reaction. The present investigation was under¬ 
taken for the purpose of obtaining experimental evidence upon this ques¬ 
tion, partly because the subject is of some general interest and partly 

1 The values 63.9° and 14.9 0 correspond almost exactly to those (64 r° and 14.9*) 
Which have been calculated by C. A. Browne (“Handbook of Sugar Analysis,” p. 737) 
for the two steps that are to be expected in the hydrolysis of raffinose, which may be 
represented as the reactions 

ChHmOm + 2H3O - CijHjjOu + CtHiaO# + H ,0 - C«H» 0 « + C*H lt O, + C^Hi. 0 ,. 
(raffinose) (melibiose) (fructose) (glucose) (galactose) (fructose) 

1 Read at the Minneapolis meeting of the American Chemipal Society in Decem¬ 
ber, 19x0. 

1 Contribution from the Division of Carbohydrate Investigations, Bureau of Chem¬ 
istry. 
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tedanie it became necessary to know whether invertase accomplishes a 
complete hydrolysis of sucrose in connection with an investigation on the 
possible Use of this enzyme in the quantitative estimation of sucrose. 1 

Repetition of Osaka's Experiments .—In a recent article, Osaka* claims 
to have shown by accurate experiments that the well known hydrolysis 
of sucrose by acids, which has heretofore been regarded as an irreversible 
reaction, is really reversible, and indeed to the extent of an easily de¬ 
tectable amount, i%, under certain favorable conditions. If this con¬ 
clusion of Osaka is correct, it gives much ground, from a theoretical stand¬ 
point, for the view that the inversion of sucrose by invertase is also a 
reversible reaction, because both acid and enzyme are to be regarded as 
catalysts of the hydrolysis, and, since the equilibria of the better investi¬ 
gated reversible reactions are not changed by catalysts, 8 though the rate 
of reaction is, it might be expected that invertase will cause the synthesis 
of sucrose from glucose and fructose if the other catalysts, acids, do so. 
It is necessary to consider the details of the procedure in Osaka’s ex¬ 
periments, although they are rather complicated. Osaka reasoned that, 
since the synthesis of sucrose from invert sugar is a combination of two 
substances (glucose and fructose) to produce one, it should proceed more 
favorably in concentrated than in dilute solutions. All of Osaka’s ex¬ 
periments are similar and we have therefore selected for careful repetition 
the one in which he obtained the best indication of reversibility during 
add hydrolysis. This experiment concerns the hydrolysis of sucrose by 
hydrochloric add in an aqueous solution of about 61% sugar strength, 
which is the highest concentration that Osaka studied. He describes 
this experiment as follows: 

"Twenty grams of cane sugar were introduced into a weighed measuring 
flask of 25 cc. capadty and dissolved in a small quantity of water by warm¬ 
ing. When cold, 5 cc. of 2.5 N hydrochloric add were added and the 
solution diluted to almost 25 cc. A small piece of camphor was then added 
to the solution 4 and the flask left in a thermostat at 25 0 over night. On 
the next day water, at 25°, was added to make exactly 25 cc. and the 
flask and contents were weighed. About 5 cc. of the solution were ritffrn 
out from each of the duplicate solutions into two weighed measuring 
flasks of 25 cc. capadty and weighed. About 4 cc. of 2.5 N hydrochloric 
add were added to each of them, and the solutions diluted to about 
25 cc. The four diluted solutions thus prepared, together with the two 
original solutions, were again left in the thermostat over night. 

1 /. Ini £ng. Chem , a, 143-6 (1910). 

* J. Col . Set., Imp Unto Tokyo, 25, Art 1 (1908) 

* van't Hoff, “Die Chexniscbe Dynamik,” p. 210 (1898) 

*THs addition was presumably for the purpose of preventing the growth of 
microdrgamsms though the high acidity of the solution accomplishes this effectively, 
according to our experience. H and P. 
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‘*0a the next day about 5 cc. of the two original solutions were taken 
out, each into two weighed measuring flasks of 25 cc. capacity, and weighed. 
In order to prevent its further inversion on dilution, 3.4 g. of sodium 
acetate were added to the solutions taken out, which were then diluted 
to the mark. The same amount of the salt was also introduced into each 
of the solutions diluted the day previous, to make them as nearly as possible 
similar to those newly prepared 1 and then the solutions were further di¬ 
luted to the mark. It was ascertained by experiment that a small differ¬ 
ence in the concentrations of hydrochloric acid exerts no perceptible 
influence on the optical rotations of the sugar solutions. The eight dilute 
solutions thus prepared were then subjected to polarimetric observations 
a polarization apparatus after Landolt being used with a Tippich polarizer. 
In order to obtain the mean value of the rotations of the solutions of the 
same treatment and to be able to compare those of solutions of different 
treatments with each other, it was assumed that, within narrow limits of 
concentration, as in the case in hand, the rotations are proportional to 
the concentrations of the solutions. The average amount of the solutions 
taken out in eight instances was 6.3776 g. The rotation of this weight 
of solution diluted to 25 cc. was calculated from the weights and respective 
rotations (when diluted to 25 cc. final volume) of the eight samples above 
to be viz: 

Inverted in orig soln Inverted in dil aoln 


—6 325 
—6 307 
—6 310 
—6 311 


—6 587 

—6 625 
—6 <586 
—6 578 


Mean,* —6 ^13 


Mean, —1> 594 


“Twenty-five cc. of the original solution weighed 32.793 g. and con¬ 
tained 20 g. sugar, so that 6.3776 g. of the solution contained 3.8896 g. 
The same amount of sugar was dissolved in water with the addition of 
sodium acetate and hydrochloric acid so as to make the solution similar 
to those in the other cases, diluted to 25 cc. and polarized. The mean of 
the two polarizations was +20.099. Thus the degree of the inversion in 
the original solution in percentage is as follows: 

30.099 + 6.313 x ioo _ gS g% „ 

20.099 + <5.594 

1 One observes that though the two sets of solutions, were thus made similar In 
respect to salt content, they differed in that the set which represented inversion in 
concentrated solution had stood one day longer m a highly acid condition This matter 
is discussed later, on page 1575, et s eg II and P 

• These readings presumably refer to a tube length of 20 cm and to circular de¬ 
grees and sodium light H. and P 
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dUITJ^ the r 

* Our repetition of Osaka's experiment was carried out in duplicate and 
the final measurements which were obtained by the same method of ex¬ 
perimentation just quoted are as follows: 

Inverted in con- Inverted in 

centreted solution. dilute solution. 

Fhat experiment... —19 65 First experiment. —20 25 

Second experiment. —1970 Second experiment_ —20.40 

Mean, 1 —19 67 Mean, —20 32 

These results fully confirm Osaka's values as to the direction of the 
rotation difference and its approximate magnitude. Having thus du¬ 
plicated a typical one of his experiments, we wish to examine his interpre¬ 
tation of them. It is to be observed that in the quoted experiment of 
Osaka's, 4 cc. of 2.5 N hydrochloric acid were added to each of the fiasks 
containing the solutions to be inverted in dilute solution; on dilution to 
25 cc„ the acidity was then the same as in the original solution when made 
tb the volume mark. On the other hand, no arid was added to the solu¬ 
tion which had been removed from the original solution and to which 
sodium acetate had been added to stop any further inversion. Its acidity 
was, therefore, only a fifth of the acidity of the solution which had been 
diluted without addition of sodium acetate. It is well known that hydro¬ 
chloric acid increases the levo-rotation* of invert sugar solutions,* the 
increase being approximately in proportion to the concentration of acid 
present, and it seemed possible, therefore, that the difference in rotation 
of the two sets of solutions might be due to such an influence. The follow¬ 
ing experiments were accordingly made. 

Fifteen (15) cc. of a solution containing 13.445 g* e &ch of pure glucose 
and fructose in 100 cc. were added to each of four 25 cc. flasks. After 
addition of hydrochloric acid and sodium acetate as indicated below, the 
volumes were completed to 25 cc. at 20° and the rotations read in a 200 mm. 
tube at that temperature in a saccharimeter. The concentration of invert 
sugar in these solutions was nearly the same as for the solutions employed 
in our repetition of Osaka’s experiment. 

(1) One cc of 2.5 N hydrochloric acid, 3.4 g sodium acetate. Rotation 
—19.0 0 V. 

(2) Five cc of 2 3 N hydrochloric acid, 3 4 g< sodium acetate Rotation 
—19 o° V 

(3) One cc of 2.5 N hydrochloric arid, no sodium acetate. Rotation —16.95° V. 

(4) Five cc. of 2.5 N hydrochloric acid, no sodium acetate. Rotation —17.35° V. 

1 These measurements refer to a tube length of 20 cm, and to Vcntzke degrees, 
using white light. If expressed in circular degrees they agree fairly well with Osaka’s 
quoted values, since 100 Ventzke degrees equal about 346 circular degrees. 

* vest Lippmann, Chemte der ZuckerarUn , x, 922 (1904). 
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These experiments <3 and 4) confirm the well known influence of the 
acid concentration on the rotation of invert sugar, but show further (1 and 
2) that in the presence of sodium acetate, which neutralizes the add, the 
variation in the strength of the latter does not affect the reading. Ac¬ 
cordingly, the greater negative rotation, when the sucrose was inverted 
in dilute solution, cannot be due to the influence of the acid, which had 
been added in greater amount than when the sugar was inverted in higher 
concentration. 

In Osaka’s experiment the portion of original solution inverted in con¬ 
centrated solution was not removed until the day following the removal 
of the portion intended for inversion in dilute solution; 1 it, therefore, 
stood in concentrated solution in the presence of 5 cc. of 2.5 N hydrochloric 
add per 25 cc. for one day longer than did the portion intended for in¬ 
version in dilute solution. Any destruction of invert sugar (particularly 
of fructose) by the acid during this period might, therefore, have been dif¬ 
ferent in degree in the portions inverted in concentrated and dilute solu¬ 
tion, thus causing their rotations to be different. In order to test this 
possibility, the following experiments were carried out, the procedure 
being the same as Osaka’s, with the exception that the 5 cc. for inversion 
in concentrated solution were removed at the same time as the s cc. in¬ 
tended for inversion in dilute solution. The procedure of making up the 
final volume of 25 cc. for the inversions in concentrated and dilute solu¬ 
tions is indicated below. The solutions were kept at 25 0 and were read 
in a saccharimeter at 20 0 as soon as the volumes were completed to 25 cc. 
For sodium acetate, a solution which contained 2.05 g. of the anhydrous 
salt in 7 cc. (which was found by trial to be sufficient to stop inversion) 
was employed. 

Concentrated solution Dilute solution 
Cc Cc. 

5 5 

7 o 

o 4 

5 a 

17 # 17 

o 7 

8 1 

25 25 

In addition to an original solution containing 80 g. of sucrose in 100 cc., 
1 See note i on page 1573 

* It was found necessary for accuracy to weigh the quantity of original solution 
which was used; these weights are recorded in the second and third columns of the 
following tables. 


Added on the first day 
Original solution* 
Sodium acetate solution 
2 5 N hydrochloric acid 
Water 


Added further on the second day 
Sodium acetate solution 
Water 



<c. #. *. kahn* 

three solutions were prepared and tested in the same manner: (d) A 
solution of equal parts of glucose and fructose corresponding to the above 
sucrose solution; (6) a fructose solution of one-half the concentration of 
the invert sugar solution; (c) a glucose solution of one-half the concentra¬ 
tion of the invert sugar solution. The results of these experiments, in 
which portions of the original solutions intended for inversion in con¬ 
centrated and dilute solution had been removed each day for a number 
of days in order to determine the effect of the prolonged action of hydro¬ 
chloric add on the original solutions, are shown in Tables I-IV. 

All of the polarizations were checked by a standardized quartz plate 
and the rotations are corrected for any change of zero of the instrument 
during the period of the experiments. The data show that concentrated 
solutions of inverted sucrose, of invert sugar prepared by mixing pure 
glucose and fructose, and of fructose, decrease in levorotation progressively 


Table I—Sucrose 


Date. 

Sample 

weight, 

dilute 

inversion 

O 

Sample 

weight, 

concentrated 

inversion. 

G. 

Rotation, 

dilute. 

« 

Rotation, 

concentrated 

Rotation, 
dilute 
(cor.) * 

Rotation, 

concentrated 

(cor.). 1 

Jan. 9 

6 2150 

6 1050 

—18 45 

—18 20 

—18 35 

18 45 

10 

6 2232 

6 2355 

—18 20 

-18 20 

—18 05 

—18 05 

11 

6 2590 

6 1890 

—17 75 

—17 65 

—17 55 

—17 60 

12 

6 1050 

6 1165 

—16 70 

—16 80 

—16 90 

—17 00 

13 

6 1310 

6 1475 

—16 30 

—16 40 

—16 45 

—16 5Q 

14 

6 1410 

6 1550 

—15 80 

•—15 90 

—15 90 

—15 95 

16 

6 2695 

6 1655 

—15 70 

—X 5 35 

—15 50 

—15 40 

17 

6 1235 

6 1355 

—15 00 

—15 00 

—15 16 

—15 10 

18 

6 2235 

6 3440 

—15 00 

— 15 30 

—14 90 

—14 90 

Av. 


6 1808 







Table II — Invert Sugar. 



Date. 

Sample 

weight, 

dilute 

inversion. 

O. 

Sample 

weight, 

concentrated 

inversion. 

G. 

Rotation, 

dilute. 

Rotation, 

concentrated. 

Rotation, 
dilute 
(cor) * 

Rotation, 

concentrated 

(cor).* 

Jan 9 

6 1600 

6 1350 

—18 30 

—18 35 

—18 15 

—18 25 

10 

6 2140 

6 2020 

—18 OO 

—18 05 

—17 70 

—17 75 

11 

6 0040 

6 0065 

—16 90 

—17 00 

—17 20 

—17 30 

12 

6 0960 

6.2650 

“-16.85 

—17 40 

—16 90 

—16.95 

13 

6 1245 

6 1240 

—16 55 

—16 60 

—16 50 

—16.55 

*4 

5 9855 

6 1165 

—16 00 

—16 35 

—16 35 

—16.35 

16 

6 0610 

, 6 1240 

—15 75 

—16 00 

—15 85 

— 15.95 

17 

5 9950 

6 0780 

—15 30 

—15 45 

—15 60 

—1555 

18 

6 0850 

6 1620 

—1530 

—15 50 

—15 35 

—1535 


Av. 6 1077 

1 Corrected to a uniform sample weight of 6.1808 g. by direct proportion. 
* Corrected to a uniform sample weight of 6.1077 g. by direct proportion. 
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Table III— Glucose. 


Date 

Sample 

weight, 

dilute 

inversion 

O 

Sample 

weight, 

concentrated 

inversion 

G 

Rotation, 

dilute 

Rotation, 

concentrated 

Rotation 
dilute 
(cor ) 1 

Rotation, 
concentrated 
(cor ) * 

Jan 

9 

5 6650 

5 6600 

+23 15 

4-23 05 

4-23 IO 

4-23 05 


10 

5 6470 

5 6550 

4-23 10 

4-23 10 

4 23 15 

4-23 IO 


11 

5 6640 

5 6875 

+23 10 

+ 23 15 

4-23 03 

+23 05 


12 

5 6285 

5 6320 

+23 00 

4-22 90 

4-23 10 

+23 OO 


13 

5 6460 

5 6810 

4*2 3 05 

4-2 3 05 

4-23 IO 

4-22 95 


14 

5 6630 

5 6675 

4-23 IO 

4-23 05 

4-23 IO 

4-23 OO 


16 

5 6725 

5 6645 

4-23 IO 

4-2 3 05 

4*23 05 

+ 23 OO 


17 

5 6530 

5 6560 

4-23 05 

4-22 95 

4-23 05 

4-22 95 


18 

5 6395 

5 6465 

4-23 OO 

4-22 95 

4-23 05 

4-23 00 

Av 



5 6571 





Date 

Sample 

weight, 

dilute 

inversion 

G 

Table IV — Fructose 

Sample 

weight, 

concentrated 

inversion Rotation, Rotation, 

G * dilute concentrated 

Rotation, 
dilute 
(cor) 1 

Rotation 
concentrated 
(cor ) * 

Jan 

9 

5 7000 

5 6950 

—42 35 

—42 25 

—42 15 

—42 IO 


10 

*5 6510 

5 6730 

—41 60 

—41 63 

—41 80 

—41 65 


11 

5 6715 

5 6600 

—41 65 

— 4 i 45 

—41 65 

-41 55 


12 

5 6595 

5 6890 

—41 30 

-~ 4 I 50 

—41 40 

—41 40 


13 

5 6695 

5 6750 

— 41 OO 

—41 OO 

—41 05 

- 41 OO 


14 

5 6955 

5 7020 

-40 85 

—40 95 

—40 70 

—40 75 


16 

5 6700 

5 6810 

—40 30 

—40 65 

—40 55 

—40 60 


17 

5 6560 

5 6135 

—40 23 

—40 05 

—40 40 

—40 50 


18 

5 6870 

5 6980 

—40 40 

—40 55 

—40 30 

—40 40 

Av 


•.. 

5 6748 






with age when hydrochloric acid is present It is evident that the de¬ 
composition of fructose by the acid is responsible for the change of rotation, 
since the solution of glucose in acid retains a constant rotation. It will 
be recalled that in Osaka's experiment the reading of the solution which 
was removed on the first day and allowed to stand in dilute solution (in 
which the destruction of fructose is arrested) Was —6.594 circular degrees, 
while that of the solution which was removed on the second day and im¬ 
mediately diluted and read was only —6.313. The difference of 0.281 °, 
corresponding to 0.81 0 Ventzke, is of the same order of magnitude as the 
average daily loss in rotation recorded in Tables I, II, IV, that is, about 
0.35 0 Ventzke. The somewhat higher value of Osaka's experiment may 
be due to his working at 25 °, whereas our experiments were made at 20°. 
Our experiments show no certain difference in rotation between sucrose 
solutions which are inverted in dilute and in concentrated solution, pro¬ 
vided the inversions are carried out under comparable conditions. We 
1 Corrected 1 6 a uniform sample weight of 5 6571 g by direct proportion 
* Corrected to a uniform sample weight of 5 6748 g by direct proportion 
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are forced to discard Osaka's experiments because the inversions in dilute 
and concentrated solutions were not carried out under comparable con¬ 
ditions. The conclusion from our experiments is that the hydrolysis of 
sucrose by hydrochloric acid is not to any detectable degree a reversible 
reaction in aqueous solution. 

Repetition of Visser's Experiments. —Visser 1 states that the inversion of 
sucrose by invertase is not complete as compared with its inversion by 
adds; a 0.25 N sucrose solution gave, after inversion by invertase, a rota¬ 
tion of—3.26°, while the rotation of a similar solution inverted by a 0.25 
N hydrochloric add was —3.42 0 . He therefore assumes the existence of 
an equilibrium in the hydrolysis of sucrose by invertase, which would 
afford a basis for the belief that this reaction is reversible. In our repeti¬ 
tion of Visser’s experiments (the rotations of the solutions were read in a 
saccharimeter and with a tube of different length from that used by 
Visser), —20.7 0 and —19.5 0 , respectively, were obtained for the solutions 
inverted by hydrochloric add and invertase; after exactly neutralizing 
the former with sodium carbonate, to make it really comparable with the 
latter, which was very slightly acid with acetic, the rotation became 
—19.6. The difference observed by Visser was, therefore, due to the well 
known influence of hydrochloric add on the optical rotation of invert 
sugar, and does not indicate the existence of an equilibrium in the inversion 
of sucrose by invertase. Visser also stated that a solution containing 
equal parts of glucose and fructose, in an amount equivalent to a 0.25 AT 
sucrose solution, gave a rotation of —3.42 0 , that is, the same as a 0.25 N 
sucrose solution inverted by hydrochloric acid. As this statement is, 
however, in full disagreement with the well known influence by hydro¬ 
chloric add on the rotation of invert sugar solutions, the experimental 
data cannot be accepted. A synthesis of sucrose from invert sugar which 
Visser supposedly obtained is described by him in the following words: 
“A solution, which contained equal amounts of fructose and glucose, showed 
an initial rotation of —12.46°; after being subjected to the action of 
invertase for two months, the rotation was —12.29 0 .” No further details 
in regard to this experiment are given. The possibility of this supposed 
reversion was tested by diluting a solution, containing equal amounts of 
glucose and fructose with a solution of invertase,* so that the rotation after 
dilution was approximately the same as that of a certain quartz plate; 
the latter was used to control the constancy on the saccharimeter scale of 
the initial rotation of the solution. After addition of ^etafene to prevent 
the growth of microorganisms, the solution was kept in a 2bo mm. tube and 

i f 

1 Z. physik Chem , jp, 275 (195ft). 4 

* The invertase solution which w*s t used in these and the other experiments re¬ 
corded in this article was prepared fo&nye&st by rapid autolysis according to the 
method described by one of us in the nrrfrifrsfiling article. 
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the rt#Stion at 20° observed at various times during a period of three and 
a half Ihonths. All of the readings lay between the values —50.65 and 
—50 70, as compared with the reading of the quartz plate, which was 
—50.1 $. There was accordingly no change m rotation beyond the limits 
of experimental error and no synthesis of sucrose was detected 

As an indication of the activity of the mvertase present in this solution, 
it may be stated that a sucrose solution of equivalent concentration and 
containing the same amount of mvertase was half inverted m one and 
one-half days at 20This experiment was better controlled, we believe, 
than was Visser's and no indication of a synthesis of sucrose by the action 
of invertase was found 

Kohl's Experiment —F G Kohl 1 has stated that “yeast extracts with a 
high inverting power, when acting on sucrose solutions of known con¬ 
centration in the absence of light and at different temperatures, produced 
glucose and fructose up to certain limits and then remained stationary 
or brought about a reversion.” This supposed reversion was tested as 
follows, the degree of acidity being varied by adding acetic acid and 
sodium phosphate to the solutions m view of the possibility that the acidity 
may play an important part m reversion Five 200 mm. observation 
tubes were prepared so that each one contained a synthetic 1m <. rt sugar 
solution (equal amounts of glucose and fructose) of the same strength 
and a small amount of potassium fluonde to prevent the growth of micro¬ 
organisms, the concentration of these invert sugar solutions was 10 g 
per 100 cc The hydrogen ion concentrations were io~ 6 , io~ 6 , io“ 7 , io“ s , 
and 10” 9 , respectively, 1 or, in other words, the first two solutions were 
slightly lacid, the third was approximately neutral, and the last two were 
slightly alkaline The invertase used was quite active, when diluted 
1 to u, it inverted a o 5% sucrose solution to the extent of 50% m 5 
minutes at 30 0 The dilution of this invertase in the above sugar solutions 
wa» 3 'to 40 All the solutions were kept in the dark during the experiment. 
The data, as indicated in Table V, do not give evidence of any reversion of 
invert sugar to sucrose 

, Table V—Temperature 20 0 




10-*H+ 

10 « 

io-» 

io-« 

10 -* 

Quarts piste 

dJ 

15 

—12 35 

—12 40 

—12 35 

—12 35 

—12 35 

—50 15 


19 

—12 35 

- 12 40 

—12 35 

—12 35 

—12 35 

—50 15 


22 

— T2 35 

—12 35 

—12 35 

—12 30 

—12 35 

—50 15 

Jan 

4 

—12 35 

- 12 40 

—12 30 

—12 35 

—12 35 

—50 15 


10 

—12 40 

— 12 45 

—12 35 

—12 40 

—12 40 

—50 15 


28 

—12 35 

— 12 35 

—12 30 

—12 35 

—12 40 

—50 15 

Nr* 

23 

—12 40 

—12 35 

—12 35 

—12 35 

—12 40 

—50 13 


Centrbl , BethefU, Abt 1 , 23, 64/-640, Jan 10, 1908 
* Cf A A Noyes, Tms Journal, 32,823 (1910), for the preparation of solutions 
with these hydrogen ion concentrations 
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Pantandh’s Experiments .—In 1906, Pintandli 1 published a tmtmber 
of experiments on the inversion of sucrose by aqueous extracts of the mold 
Mucor mucedo. Among them are three instances in which the power 
of an invert sugar solution to reduce alkaline copper solutions decreased 
when the solution was mixed with the extract of the mold. Without 
making thorough inquiry into the cause of these decreases, Pantanelli 
drew the conclusion that they indicate a reversion of the invert sugar, the 
extent of the reversion being as high as 24% in one of the experiments. 
The evidence from this work for a synthesis of sucrose from invert sugar 
is slight, because the experiments were not checked by polarimetric data 
or the other usual ways for detecting the presence of sucrose, nor were the 
various possible sources of uncertainty controlled. No confirmation of 
this reversion has been subsequently published, although it should not be 
difficult to crystallize sucrose from the solutions if such an extensive syn¬ 
thesis as Pantanelli's experiments indicate were really to be obtained. 
We have not tried to duplicate Pantanelli’s rather doubtful observations 
Upon the action of invertase which may be prepared from Mucor mucedo , 
as our work has been limited to the invertase which is obtained from yeast. 

Summary. 

A solution of the enzyme invertase which was prepared by the rapid 
autolysis of yeast under the influence of toluene, and purified by clarifica¬ 
tion with neutral lead acetate and hydrogen sulfide, and by subsequent 
dialysis, was allowed to act upon aqueous invert sugar solutions, which 
were maintained at various degrees of slight alkalinity and acidity, in an 
attempt to detect a possible synthesis of sucrose by the enzyme. 

Although numerous experiments under various conditions were tried, 
not one showed any indication of such a synthesis. A repetition of Osaka’s 
experiments, which indicate the synthesis of sucrose from invert sugar in 
concentrated solution, in the presence of hydrochloric acid, shows that the 
change of polariscopic rotation which he observed is not due to synthesis, 
but is caused by the decomposing action of the acid upon fructose. 

A repetition of similar experiments by Visser shows that his supposed 
synthesis of sucrose was only a change in rotation which is caused by the 
well known influence of hydrochloric add upon the rotatory power of 
fructose. 

An examination of the experiments of Kohl and of Pantanelli on the 
synthesis of sucrose by the action of invertase upon invert sugar solutions, 
shows the experimental evidence to be very doubtful. v 

Our condusion, from a consideration of the experiments of others and 
from our own data is that invertase from yeast accomplishes a complete 
hydrolysis of sucrose to yield invert sugar and that the reaction does not 
1 Atti delta R. Acsad, Sei Linui , 15, first semester, 387-94 (1906). 
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establish a mobile equilibrium, and is not a reversible or balanced reaction, 
within our limits of detection. 

Bmnwu of Cmsmistky, Department of Agriculture, 

Washington, D. C. 

NEW BOOKS. 

Th« Progress of Scientific Chemistry. By Sir William A Tilden Second Edition. 

360 pp. Longmans, Green & Co. 1913. $2.25 

The merited success of the first edition of this work, published in 1899, 
has justified the present revised edition in which several new subjects, 
such as radiochemistry, are included. The majority of the chapters are 
written from a somewhat old-fashioned standpoint, but are readable and 
stimulating. The biographical notes and references appended to the 
several chapters add to the value of the work. Gilbert N. Lewis. 

Chemistry and ItB Borderland. By Alfred W Stewart. Longmans, Green & 

Company. 314 pp Price, $1.30, net. 

This is a very readable and instructive general description of a number 
of selected topics of recent physical and chemical research. It includes 
chapters on such topics as the Relations between Chemists and Industry, 
Chemical problems of the Present and Future. Organization of Chemical 
Research (in England), The Methods of Chemical Research, etc. Sep¬ 
arate chapters are devoted to the discoveries by means of the spectroscope, 
stereochemistry, colloids, the inert gases of the atmosphere, radium, 
niton, transmutation of the elements, the nature of the elements, etc. 
The author is evidently following closely the work of the English school 
of chemists, and does not hesitate to accept for niton all the properties 
1 ever ascribed to it. He does not doubt the transmutation of copper into 
lithium, as published by Ramsay and Cameron. Madam Curie's described 
inability to repeat this transmutation is “negative evidence that can 
hardly outweigh the positive.” A bold author makes better reading than 
an apologetic one, and we do not refer tc these facts in critical mood. This 
kind of book is greatly needed to help keep a very large class of chemists 
up-to-date and to inspire the aspiring younger generation. It is also very 
readable to the “near scientist.” The author’s treatment of his subject 
reminds one of R. K. Duncan’s very interesting and instructive publica¬ 
tions. 

The author has occasionally fallen into a common didactic error. In 
this way he has given some impressions which, while they may represent 
desirable conditions of research, give too much credit to the foresight, of 
chemists and not enough to the utility of their powers of observation. 
Bacon credited Herodotus with the statement that the Egyptians who 
deified discoverers, worshipped more animals than men, because the former 
made most of the discoveries. So also it is still true that many discoveries 



are made and then later realised, and that discovery to order and the 
minute” is rare. An interesting case is the author's description of the 
commercial fixation of atmospheric nitrogen. Of course, he knew hem the 
facts were discovered, but to read his description one might be led to be¬ 
lieve that the invention consisted first in finding, by search, the 
cheapest supply of nitrogen. This was found in the air. This had 
to be combined with some other cheap reagent. Oxygen wa? found 
to be the next cheapest element, so he chose oxygen, and then 
he had to find some means of combining them. High temperature 
was known to produce such reaction, and as an electric arc,* was a 
source of high temperature, it was chosen, etc., etc. None of this 
conveyed impression of aim and end corresponds with the facts. It was 
discovered, without any preconception or purposeful plan, that an arc 
produced the combination of the gases of the air, and the reaction was 
then studied. The important lesson comes to us, in the reviewer’s mind, 
from the fact that quantitative investigation of details of the discovery 
is what has led to the possibility of its technical application. This in¬ 
vestigating spirit it doubtless was, which created for us such ctwmists as 
Priestley and Cavendish, to whose observations the present, now logical 
manufacture of nitric acid from the air is due. 

The final chapter dfeals with chemical research in England, «and the 
present and desirable methods of its encouragement there. The cry is 
“more money,” or endowments, in orcler to make easier the way of the 
research chemist. This is also frequently the cry in this country. In 
both lands the prevailing opinion is that chemists are too poorfer paid, 
that the country’s advance would be more rapid if there were more and 
better paid chemists. Barring the fact that corresponding opinions are 
held by the clergy, the doctors and lawyers, the masons and the steam 
fitters of both countries, the contentions are probably true, and Huxley 
was right when he said, “A Watt, Davy or Faraday is cheap at a hundred 
thousand pounds.” Many authors of note, from Bacon down, have taken 
the view held by the author. Some of the splendid work now being done 
by English research men is directly traceable to the present good, but 
admittedly inadequate methods of encouraging research. Possibly gov¬ 
ernments, seeing the results of such experiments carried on for years, as 
is already the case in England, will recognize the value to the cquntry 
as a whole of increasing its yield of research chemists. The book should 
help this desirable end, by presenting in readable form, the many accom¬ 
plishments of pure research in Ministry and its borderland. 

m W. R. Whitnby. 

Quaiitmtire Chemical 'Analysis. By W W Scott, AM D Van Nostrand Co.. 

New York. 

The contents of this book are carefully and excellently divided into pads. 



Tberoifttkm between qualitative and quantitative analysis baa been clearly 
brought out. This point, which is very important, is usually lacking in 
the mailer text books. 

The first part contains a very concise description of the physical 
chemical side of qualitative analysis. One of the characteristics through¬ 
out the book is its conciseness. A very large amount of material is con¬ 
tained in a small quantity of print. 

There are abundant notes and precautions, which are valuable to the 
student, distributed through the text. Another pleasing point is the al¬ 
ternative methods that are offered. 

Part II contains the bases. Part III gives the analysis of the acids, 
while the systematic analysis of a substance is given under Part IV. 
Part V is devoted to tables of reactions. 

Perhaps some might desire a little more with regard to the characteristic 
compounds. However, one must realize that a lot of information is con¬ 
tained in the tables of reactions forming the last part. 

To many the absence of equations may prove a weak point. 

The use of an arrow, beside a compound, pointing downwards is usually 
supposed, to indicate a precipitate. In this text it is also used to show 
substances that are almost unionized. 

The book contains some errors, that should be corrected, such as thallium 
being precipitated as TICU, the statement that there are no rare elements 
belonging to the ammonium carbonate group, etc. C. Jambs. 

Laboratory Manual of Glass-Blowing. By Francis C. Frary. McGraw-Hill Book 
Company. 1914. Pp. vi -f 60 Price, 75 cents 

This welcome little manual provides a clear and detailed discussion of 
the elementary processes of glass-blowing. Much delay is spared and some 
expense avoided, if some one in the laboratory can seal on a new stopcock 
or join two tubes by fusion, or fit together a hard and a soft glass tube by 
ground joints. Such manipulation is well described here, fully and clearly, 
so that a beginner may be sure of knowing what to do, even if the knowing 
what to do must be supplemented by hours of practice. The author, 
whose conception of the proper content of such a manual seems well con¬ 
sidered, avoids the description of processes which the amateur cannot be 
advised to undertake. The reviewer takes a very special pleasure in com¬ 
mending the little book to all who have to use glass apparatus more com¬ 
plicated than beakers and funnels. Edward W. Morphy. 

Biachfblc Drug Assay Methods. With special reference to the pharmacodynamic 
action of drugs By Paul S. Pittbngbr, Instructor in Pharmacodynamics, 
Department of Pharmacy and Chemistry, Medico-Chirurgieal College, Phila¬ 
delphia. 158 pp Price, $1.50. P. Blakiston’* Son & Company. Philadelphia. 

This manual, the first to be published which takes up this important 
subject, is a reflection of the interest of physicians and pharmacists in 
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drugs of standard and uniform potency but, in spite of the title, only^iyaio- 
logical assay methods are discussed The author has given a fair gpmmt 
of the methods and operative technic commonly advocated for the j$tyeio- 
logical assay of the digitalis group, ergot, epinephrin, pituitiary jgland, 
cannabis indica, etc. In addition there is offered some elementary* and, 
to a degree, very unsatisfactory pharmacology. The manual does not 
provide adequate knowledge for the training of pharmacists in physio- 
logical assay and is too elementary for use by medical students. It may, 
however, find some use in giving pharmacy students, and others interns ted 
in the subject, a reasonable knowledge of physiological assay methods 
without the necessity of studying pharmacology and pharmacological 
methods more in detail. Worth Hals. 

Kinetische Stereochemie dor KoMenttoffverbindungen. Von Dr Arthur von Wbtn 
bero Pp Vui + 107 25 figures Fnedr Vieweg & Sohn Braunschweig 

1914 Price, M 3, paper, M 4, doth 

It is a well-known fact that ordinary structural and stereochemical formu¬ 
las take no account of possible intramolecular motions of atoms. The 
author of this book introduces certain assumptions with regard to rotating 
and vibrating atomic motions, and applies these to heats of combustion 
and molecular refractions in connection with various reactions and com¬ 
pounds. 

Single bonded atoms are assumed to rotate or swing around an axis, 
double and triple bonded atoms to vibrate. With heats of combustion, 
atomic constants are derived which when added, agree very well with the 
experimentally found values for many substances. These constants, how¬ 
ever, must be modified for different'fclasSfes 6f compounds, and these changes 
are pictured as dependent upqn the rotational or vibrational motions of 
the combinations. The volumes occupied by atoms are based upon the 
molecular refractions. Starting with Eisenlohr's atomic refraction values 
for single bonded atoms, making certain assumptions with regard to the 
rotational and vibrational motions of double and triple bonded atoms in 
connection with the volumes occupied by them, values for the atomic 
refractions of the latter are deduced which agree with those determined 
experimentally. The constants so obtained and the principles developed 
are then applied to the interference of double bonds, aromatic and non¬ 
aromatic ring structures, quinones, desmotropy, alloisomerism, color 
theory, and the asymmetric carbon atom. 

Some interesting views are developed in this book, but it may be ques¬ 
tioned whether the assumptions used are based upon satisfactory underlying 
principles. However, a picture is developed of some of the possible ways 
in which the modems of atoms within molecules may play their part in 
chemical phenomena. K. G. Falx. 
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Received June 23, 1914. 

The Council of the International Association of Chemical Societies, 
with which the Committee on Atomic Weights is now affiliated, recoin - 
pended, at its meeting in September, 1913, that the annual report of 
said committee should be published in August. The present report, 
therefore, is submitted in compliance with that recommendation, although 
delays due to the difficulties of correspondence may sometimes prevent 
simultaneous publication in all countries. 

Since the report for 1914 was prepared, a number of new atomic weight 
determinations have been published. These may be briefly summarized 
as follows: 

Silver , Sulfur and Chlorine .—Scheuer 1 dissolved pure silver in sulfuric 
acid and collected and weighed the sulfur dioxide given off. The weighed 
sulfate was then converted into chloride by heating in a current of gaseous 
hydrochloric acid. Three ratios were thus determined, which gave the 
three desired atomic weights independent of all former determinations. 
The results obtained are: Ag «= 107.884, S = 32.067, Cl = 35.460. 
The value for silver is rather high; the other values agree with those gen¬ 
erally accepted. 

1 Arch. set. phys. not., [4] 36, 381. 
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Calcium. —Oechsner de Coninck 1 has determined the atomic might 
of calcium by conversion of the carbonate into the sulphate. This final 
value is Ca *= 40.13. 

Barium .—Also redetermined by Oechsner de Coninck. 2 Barium car¬ 
bonate was dissolved in nitric acid and the carbon dioxide so evolved was 
weighed. The value found was Ba = 137.36. 

Copper. —Atomic weight determined by O. de Coninck and Ducelliez. 3 
Copper was oxidized by nitric acid and the oxide was weighed. In five 
experiments they found Cu * 63.523 to 63.605; in mean, 63.549. These 
atomic weight determinations by O. de Coninck are published in the 
briefest possible way, without any of the details that are commonly re¬ 
garded as essential. How were the substances purified? Were the 
weights reduced to a vacuum? 

Cadmium .—Quinn and Hulett 4 have redetermined the atomic weight 
of cadmium by electrolysis of the chloride and bromide. In each series 
the cadmium was collected and weighed in mercury. From the chloride, 
with Cl =* 35.458, Cd = 112.32. From the bromide, with Br = 79.92, 
Cd = 112.26. These values agree well with those previously found by 
Perdue and Hulett and by Laird and Hulett, but are much lower than 
the value (Baxter’s) adopted in the table. The cause of the difference is 
yet to be satisfactorily explained; but it must be due to a constant error 
in one or the other of the methods employed. A change in the table ^j s 
be premature. 

Mercury .—Taylor and Hulett 6 prepared mercuric oxide by heating 
pure mercury in oxygen. Weighed amounts of the oxide were then de¬ 
composed by heating it with metallic iron, and the mercury was collected 
and weighed. From the data thus obtained Hg = 200.37. This, as 
in the case of cadmium, is lower than the recognized value, and its ac¬ 
ceptance or rejection must await farther evidence. 

Vanadium. —Atomic weight redetermined by Briscoe and Little, 6 
from analyses of the oxychloride VOC1*. The mean value found was 
V « 50.950, but 50.96 is preferred. 

Selenium .—Jannek and Meyer 7 determined the atomic wight of selen¬ 
ium by oxidizing Se to Se0 2 . The mean of ten experiments gave Se = 
79.140. 

The same constant was deduced by Bruylants and Bytebier 8 from the 

1 Bull. acad. belg 1913, 222. 

• Rev. gin. chim.,+ 6, 245. 

• Ibid., x6, 132 . 

4 J. Physic. Chem., 17, 780. 

• Ibid., 17, 755. 

• J. Chem . Soc., i©5j 1310. 

7 Z. anorg. Chem., 83 , 51 . 

** Bull. acad. belg., 19x2, 856. According to Germann ( Compt. rend., 157, 926), 
the normal liter of oxygen weighs 1.42900 g. 
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density of selenium hydride, SeHj. In four series of experiments the 
veight of a liter of the gas at o° and 760 mm. was found to be 3.6715 g. 
For the weight of a liter of oxygen under the same conditions they found 
1.4295 8- By the method of limiting densities and with H = 1.008, 
Se = 79.18, which is near the value given in the table. 

Internation al Atomic Wrights, 1915. 


Atomic 
Symbol, weight. 


Aluminum . 

.At 

27.1 

Antimony. 

.Sb 

120.2 

Argon . 

.A 

39 88 

Arsenic . 

. As 

74.96 

Barium . 

. Ba 

137 37 

Bismuth . 

.Bi 

208.0 

Boron . 

.B 

11.0 

Bromine. 

.Br 

79 92 

Cadmium. 

.Cd 

112.40 

Caesium. 

.Cs 

132.81 

Calcium. 

.Ca 

40.07 

Carbon. 

.C 

12 .00 

Cerium. . 

. Ce 

14025 

Chlorine . 

. Cl 

35-46 

Chromium . 

. Cr 

52.0 

Cobalt . 

. Co 

58.97 

Columbium . 

. Cb 

935 

Copper . 

. Cu 

63 57 

Dysprosium . 

. Dy 

162.5 

Erbium . 

. Er 

167.7 

Europium . 

. Eu 

1520 

Fluorine . 

.F 

19.0 

Gadolinium . 

. Gd 

1573 

Gallium . 

. Ga 

69.9 

Germanium . 

. Ge 

725 

Glucinum . 

. G 1 

9-1 

Gold . 


1972 

Helium . 

.He 

399 

Holmium . 

. Ho 

163.5 

Hydrogen . 

.H 

1.008 

Indium. 

.In 

114.8 

Iodine. . 

.I 

126.92 

Iridium. . 

.Ir 

19 VI 

Iron. 

. Fe 

5584 

Krypton . 

. Kr 

82.92 

Lanthanum .. 

. La 

139.0 

Lead . 

. Pb 

207.10 

Lithium . 

. Li 

6.94 

Lutecium . 

. Lu 

1740 

Magnesium . 

. Mg 

24.32 

Manganese. r . 

. Mn 

54-93 

Mercury . 

. Hg 

200.6 



Symbol. 

Atomic 

weight. 

Molybdenum. 

...Mo 

96.O 

Neodymium.. 

. ..Nd 

1443 

Neon. 

. ..Ne 

20 2 

Nickel. 

...Ni 

58.68 

Niton (radium emanation). 

...Nt . 

222.4 

Nitrogen. 

...N 

14. ox 

Osmium.. 

. Os 

190.9 

Oxygen. 

..O 

16.00 

Palladium. 

..Pd 

IO6.7 

Phosphorus. 

..P 

3 i 04 

Platinum. 

..Pt 

195-2 

Potassium. 

..K 

39 .io 

Praseodymium. 

. Pr 

140.6 

Radium. 

..Ra 

226.4 

Rhodium. 

..Rh 

102.9 

Rubidium. 

..Rb 

85 -45 

Ruthenium. 

..Ru 

IOI .7 

Samarium. 

. .Sa 

150 4 

Scandium. 

..Sc 

44.1 

Selenium. 

..Se 

79 2 

Silicon. 

..Si 

28.3 

Silver. 

•Ag 

107.88 

Sodium. 

. .Na 

23 00 

Strontium. 

..Sr 

8763 

Sulfur. 

..S 

32.07 

Tantalum. 

..Ta 

181.5 

Tellurium. 

..Te 

127.5 

Terbium. 

..Tb 

159.2 

Thallium. 

..Tl 

204.0 

Thorium. 

. .Th 

232.4 

Thulium. 

. .Tm 

168.5 

Tin.'. 

. .Sn 

119.0 

Titanium. 

..Ti 

48,1 

Tungsten. 

..W 

184.0 

Uranium. 

..U 

238.5 

Vanadium. 

..V 

51.0 

Xenon. 

. .Xe 

130.2 

Ytterbium (Neoytterbium).. 

..Yb 

172.O 

Yttrium. 

..Yt 

89,0 

Zinc.•. 

..Zn 

65.37 

Zirconium. 

. Zr 

90.6 





















































































X 5 &S F. W. CLARKE, T. 9 . THORPE, W. OSTWALD AND O. URBAIN. 

Tellurium. —Dennis and Anderson 1 purified tellurium by preparing 
the hydride TeH« from aluminum telluride, and condensing the gas to a 
solid at the temperature of liquid air. Prom the hydride the metal was 
obtained by heating to 500°. Thirty-one conversions of Te thus prepared 
into TeOt gave in mean Te * 127.6. Other determinations by a volu¬ 
metric method gave a lower value, near 127.50. The authors conclude 
that the higher, hypothetical “dvitellurium” does not exist. 

Scandium. —Lukens* prepared scandium oxide from Colorado wolfram. 
By calcination of the sulfate to bxide they found Sc « 44.59 and 44.77. 
The material was probably not quite pure. 

Yttrium .—Meyer and Weinheber, 8 by conversion of yttrium oxide 
into sulfate, found Yt =* 88.75. By the reverse process they found 
Yt =» 88.74. Corrected to a vacuum, this becomes 88.70. 

Ytterbium and Lutecium. —Atomic Veights reinvestigated by Auer von 
Welsbach. 4 For ytterbium (aldebaranium) he found Yb = 173.00. 
For lutecium (cassiopeium), Lu *= 175.00. (See note.) 

Iridium .—Holzmann 5 made four reductions of the salt (NH 4 )*IrCle 
in hydrogen, and found Ir » 193.42. This is higher than the accepted 
value and not conclusive enough to justify a change. 

Helium. —Heuse, 1 in seven determinations of the density of helium, 
finds the weight of a normal liter to be o. 17856 g. Hence, by the method 
of limiting densities, He =* 4.002. 

Neon .—From two determinations of the density of neon, Leduc 7 finds 
Ne *» 20, when H =* 1. 

No changes of serious importance seem to be needed in the atomic weight 
table. Possibly the values for yttrium, ytterbium, helium and neon 
should be changed, but such action may well be deferred until next year. 
Some experiments by Richards and Cox 8 on the purity of lithium perchlor¬ 
ate also suggest a possible lowering of the atomic weight of silver, namely, 
from 107.88 to 107.871. 

F. W. Clarke, 

T. E. Thorpe, 

W. Ostwald, 

G. Urbain. 

Note. —Since this report was finished and approved, Professor Urbain 
has informed me that, jointly with M. Blumenfeld, he has redetermined 

1 This Joukkai^36, 882. 

* /We*., 35, 1470. 

* Ber., 46, 2672. 

4 A fonatsh. Chem., 34 » 1713. 

1 Sitoungsb. phys.-med. Set. Erlangen, 44, 84. 

* Verk. Deutsch. pkysik. Ge$„ 15, 5x8. 

7 Compi. rend., x$8, 864. 

4 This Journal, 36,8x9. 
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the atomic weight of neo-ytterbium with great care. The earth was sub¬ 
jected to many fractionations, and each fraction was studied magnetically 
and spectroscopically. The value found for the atomic weight, the mean 
of 13 determinations, was 173.50. He suspects that the “aldebaranium” 
studied by Auer von Welsbach contained an element of lower atomic 
weight, probably thulium. Ur bain’s paper will be published m the near 
future, perhaps before this report appears. F. W. C. 

[Contribution from the Kent Chemical Laboratory, The University of Chicago.] 

STUDIES IN CONDUCTIVITY. II. THE CONDUCTIVITY OF 
SOME FORMATES AND OF HYDROGEN CHLORIDE IN 
(ANHYDROUS) FORMIC ACID. CASES OF AP¬ 
PARENT AGREEMENT OF STRONG ELEC¬ 
TROLYTES WITH THE MASS LAW. 1 

By H. Z. ScRftVsiNOBK and A. W. Martin.* 

Received May 12 , 1914 . 

In the first paper of this series, Schlesinger and Calvert 8 showed that 
the solutions formed when ammonia is passed into formic acid are excellent 
conductors and that the electrolyte, ammonium formate, obeys the law 
of mass action, although it is highly ionized. It is well known that strong 
electrolytes do not, in general, obey this law and these solutions there¬ 
fore, are exceptionally interesting. Consequently, we have undertaken 
to extend this work, with the intention of determining the limiting con¬ 
centrations within which the law is applicable and of obtaining results 
of greater accuracy by improving the methods employed. In addition 
to a study of the conductivity of these solutions, their viscosity was also 
’ determined. Since it was possible that the agreement with the mass law 
in the one case, ammonium formate, might be due to a cancellation of 
deviations from the law in opposite directions, the validity of the conclu¬ 
sion that the agreement is not accidental in character was tested by study¬ 
ing the behavior of other formates in this solvent. Finally, preliminary 
determinations of the conductivities and freezing points of solutions of 
hydrogen chloride in the same solvent were carried out, as there was reason 
to believe that previous work on this subject by Zanninovich-Tessarin** 
was incorrect. 

The formic acid used in this work was purified by a method which is 
a* considerable improvement over that employed by Schlesinger and Cal- 
1 Presented, in part, at the Cincinnati meeting of the American Chemical Society, 
April 9, 1914. 

* The work reported in this article constitutes the basis of a dissertation submitted 
by A. W. Martin to the faculty of the University of Chicago in part fulfilment of the 
requirements for the degree of Doctor of Philosophy 
1 This Journal, 33, 1934 (1911)* 

4 Z. phys. Chem., 19, 251 (1896). 
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vert. 1 They distilled from phosphorus pentoxide, under reduced pressure. 
While this method yields an acid of fair quality, it is accompanied by con¬ 
siderable decomposition and loss of material and requires a large amount 
of time, since the distillation has to be repeated from five to ten times to 
obtain good results. An effort was made to improve this method by carry¬ 
ing out the distillation at still lower pressure, but the results were not much 
better. Attempts were also made to produce the anhydrous add directly 
by heating anhydrous sodium formate mixed with add salts, such as add 
potassium sulfate, in the dry condition as well as in solution in anhydrous 
formic acid, but these methods gave neither good yidds nor good prod¬ 
ucts. 2 The method finally determined upon was distillation of the acid 
from boric anhydride. The anhydride was prepared by heating boric 
add to a high temperature in a furnace until all bubbling and foaming 
ceased. The resulting mdt was poured on an iron plate and allowed to 
cool in a desiccator. The glassy boric anhydride was then powdered and 
introduced directly into the formic add, 8 with which it was allowed to 
remain in contact for several days. After a few days the powdered material 
sets into a hard mass, from which the supernatant liquid can be distilled 
at reduced pressure without bumping. The distillation was carried out 
in a specially designed apparatus at a pressure of about 12 to 18 mm. and 
a temperature of about 22 0 to 25 °. 

The apparatus used for this distillation is shown in the accompanying 
sketch (Fig. 1). It was designed to avoid contact of the acid with rubber, 





for it was soon found that the presence of the latter deddedly affected the 
quality of the add. A, in Fig. 1, is the distilling flask which is connected 
1 Loc. tit . 

* See Ckem. Zentr*, 1907, 1 , 1470; 1908, 1 , 998. 

1 The formic add was especially prepared for this work by Baker & Adamson and 
originally had & conductivity of about 12-15 X io“‘ reciprocal ohms. 
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with- the inner tube of the condenser by the ground joint a. 1 Into the ver¬ 
tical portion of the side neck of this flask, thoroughly washed and dried 
glass wool was placed to prevent spattering over of the liquid. B is the 
receiving vessel which is connected with the inner tube of the condenser 
byjmeans of the ground joint b. In order to empty the receiving vessel 
after the distillation, it was rotated about the joint b, until the delivery 
tube c pointed directly downward. The end of this tube is ground to 
fit into a storage bottle which is shown in the next figure. In this way, 
the acid could be removed into the vessels in which it was to be used without 
opening the distillation apparatus or exposing the liquid to air. The 
tube c was always washed out by a little of the acid before the latter was 
collected. Before the acid was distilled it was allowed to stand for several 
days with boric anhydride. From this it was poured into the distilling 
flask which had been previously charged with a fresh portion of the an¬ 
hydride.^ After standing for several days in the apparatus, the distilla¬ 
tion was begun by simply reducing the pressure. About one-fifth of 
the acid (about^o cc.) distilled off before the liquid had cooled sufficiently 
to stop the distillation. While this was going on the condenser was cooled 
with ice water and the receiving vessel with ice. When the distillation 
stopped, as a result of the cooling of the contents of the distilling flask, 
the contents of the receiver were warmed and the acid therein collected 
distilled through a second condenser into a second receiving vessel. The 
second condenser and receiving vessel were connected with the first by 
rubber through tubulus d. This procedure had the advantage of washing 
the apparatus 2 with formic acid before collecting the portion to be used, 
as well as of subjecting the acid to a partial fractionation. The second 
receiver also is useful in catching the small amounts of acid which are not 
condensed in the first. After the first acid condensed had thus been again 
distilled away, the first receiver was again cooled and the distilling flask 
warmed to about room temperature. About one-fifth of the original vol¬ 
ume of the acid was allowed to remain in che distilling flask at the close 
of the operation. This, however, together with that collected in the second 
receiver and that retained by the anhydride, 8 was again treated with an¬ 
hydride and mixed with fresh portions of acid and redistilled. 

While the above seems like a complicated process, it really is not, for, 
by keeping acid continually drying over the anhydride, a fresh supply can 
always be obtained in about an hour’s time. Occasionally the acid was 
distilled twice, but no improvement was noted. The acid thus obtained 

1 U H” is a stopper fitting the flask at “a.” 

* The apparatus was, of course, thoroughly washed occasionally, but better results 
were obtained if the apparatus was opened as seldom as possible. Before each filling, 
however, dry air was drawn through the whole apparatus for about half an hour. 

* The boric anhydride seems to form an unstable, crystalline(?) compound with the 
acid from which the latter can be recovered by heating. 
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had an average conductivity of about 6.35.X io~*, although occasionally 
an add having a conductivity as high as 6.6 X icr 6 reciprocal ohms was 
obtained. The best add had a conductivity of 6.2 X io~ 6 . Practically 
no add was used having a conductivity higher than 6.4 X icr 6 , except for 
the hydrochloric add work, in which the greatest accuracy was not sought, 
and for a few of the concentrated solutions where the conductivity of 
the solvent was practically negligible, as was proved by trial. The add 
used by Schlesinger and Calvert had a conductivity of about 6.8 X io~ 6 , 
00 that the present method gives a materially better add, in addition to 
giving better yields 1 and requiring less time them did the old method. 8 

Two methods were employed for making up the solutions for the con¬ 
ductivity measurements. Each of the concentrated solutions was made 
up separately, in the manner described below, and was introduced into 
the cell described by Schlesinger and Calvert. For the dilute solutions, 
the dilution method was employed and the special cell F 3 shown in Fig. 
2 was used. In this figure is also shown the storage bottle 5 . It will 
be seen that by means of the gound joint c* this bottle can be connected 
to the receiving flask of the distillation apparatus at c' and, in this way, the 
conductivity of the acid measured without exposing it to moisture, since 
the storage bottle is fitted with electrodes ee* This same grinding, c", 
fits one of the two-way pipets p shown in the figure. By means of this 
the add can be introduced from the bottle into the flask for making up 
the solution, or into the conductivity cell without exposure to air. In 
making up the solution, the solute to be used was first weighed 6 out into 
a thoroughly dried calibrated 25 cc. flask and the flask filled with formic 

1 The anhydride causes only a very slight decomposition of the add, as is shown 
hy the slight pressure which is developed in flask when the add has been standing for 
tome days in contact with the anhydride. 

1 Even the conductivity of the best acid, 6.2 X xo~* seems very large when com¬ 
pared to other pure solvents. It must be remembered, however, that formic add is 
quite unusual in that it is not only a good ionizing medium, but is itself fairly highly 
dissodated when dissolved in other ionizing media. We have thus far not been able 
to reduce the conductivity of the add below the values stated although we have sub¬ 
jected the best add to freezing, etc. However, there is some evidence pointing to a 
somewhat lower value for the conductivity of pure add (9ee p. 1598) and experiments 
are under way to obtain a better add by freezing the add purified in the manner de¬ 
scribed above. Thus far the improvement has been very small. 

1 This cell is referred to in the paper as cell No 2. 

4 When theVcid stands above a certain level the cell constant of the storage bottle 
is nb longer affected by the amount of add contained in the bottle. When the bottle 
is full the conductivity of the add can, therefore, be measured with great accuracy. 
At lower levels a number of cell constant values were determined and by using a suitable 
one the conductivity of any add in the bottle can be determined with suffident accuracy. 
It was found, however, that the add could be kept in the bottle for days without under¬ 
going noticeable change. 

1 Weights were reduced to vacuum when necessary. 
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add almost to the mark, by means of the pipet just mentioned. The 
mixture was thoroughly shaken and then placed in the constant tempera¬ 
ture bath. When sufficient time had elapsed for temperature equilibrium 
to be attained, the add was filled in up to the mark from the same pipet 
and the contents again shaken. While not in use, the exposed end of the 
pipet was protected from moisture by means of a test tube and stopper 
and the add remaining in the tip of the pipet was always discarded. From 
the 25 cc. flask the solution was transferred to the conductivity vessel 
by means of a pipet, p", similar to those shown in the figure but of twice 
their volume. By the use of these pipets all of these steps could be 
carried out with practically no exposure to moisture. 

As stated, the dilution method was employed for the dilute solutions. 
In these cases the apparatus was set up as shown in Fig. 2 and will need 
«no further description. Pipet p delivers into the cell exactly as much 
liquid as pipet p ' withdraws. Pipet p" which was used to place the original 
portion of solution into the cell, delivers just twice as much as does p . 
The amounts were respectively, 10.02 and 20.04 cc. 1 The procedure of* 
making the dilution measurements is as follows: As described, 20.04 
cc. of solution are placed into the cell by means of pipet p* through the 
opening 0. The pipet is then quickly withdrawn and the apparatus set 
up as shown in Fig. 2 and placed into the bath. This takes only a little 
over a minute. From now on exposure to air is avoided and it has been 
found that solutions* in the cell remain unchanged for many hours. After 
the solution has attained the temperature of the bath (25 0 =*= o.oi)* 
a conductivity measurement is made. Then 10 cc. are withdrawn from 
the cell by means of pipet p' and the stopcock of the pipet turned so as to 
disconnect the upper portion from the cell. The material withdrawn is 
run out of the other end of the pipet and the pipet washed with water. 
Of course, the stem of the pipet which enters into the cell is not allowed 
to become moist. When the washings are no longer acid the pipet is 
thoroughly dried by drawing hot, dry air through it. In the meantime, 
10 cc. of pure solvent have been transferred from the storage bottle into 
the cell. The added pure solvent is now thoroughly mixed with the resid¬ 
ual solution in the cell by repeatedly drawing the mixture into the with¬ 
drawal pipet up to the stopcock and allowing the withdrawn liquid to 
flow back into the cell. This process is repeated about fifty times, which 

* 1 The discharge if om these pipets is astonishingly regular, being fully as reliable 

as that of ordinary pipets. By means of the stopcocks the flow can be excellently 
regulated and the liquid can be very easily drawn to the mark. For convenience, the 
upper portion of the pipets was graduated instead of having but one mark. The 
liquid was drawn into the pipets by means of a pump connected through phosphorus 
pentaxide tubes. 

* Exeept for the aniline solutions. See p. 1614. 

1 Hydrogen scale. 
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takes about five minutes. The conductivity is then measured and the 
stirring repeated until constant values for the resistance of the solution 
are obtained. By setting up the apparatus suitably, all of these processes 
can be made almost automatic and very good results can be obtained. 
That the method of stirring is efficient and that no losses of solution occur 
in the stopcocks was tested by making a scries of measurements with 
aqueous solutions of potassium chloride. The agreement with the known 
values for this salt was excellent. Usually this method of making up the 
various solutions was employed only for the dilute solutions. As these 
solutions gave somewhat peculiar results, one or tw r o sets were also made 
with more concentrated solutions and the results agreed very well with 
the data obtained from independently made up solutions. Furthermore, 
these peculiar results were obtained also by Schlesinger and Calvert, 
whose apparatus was somewhat different, and have received a very satis¬ 
factory explanation. 

The resistances of the solutions were measured by the Wheatstone- 
Kohlrausch method, using the small high frequency machine with 
appropriate capacities in the circuit as described by Washburn and 
Bell. 1 The roller bridge employed was calibrated, as were also all of the 
resistances. As no very high resistances were measured it was found un¬ 
necessary to use the capacity free resistances described in the paper re¬ 
ferred to above. All resistances were measured to within 0.1% which is 
an accuracy great enough in view of the other possible errors when one 
is dealing with a solvent like formic acid. 

In the following are given the results of the conductivity measurements 
for solutions of sodium, potassium, ammonium and phenyl ammonium 
formates and for hydrogen chloride. A number of other data have also 
been determined, as will appear in tin* discussion. 

Sodium Formate. 

The sodium formate used was Kahlbaum’s best grade, which gave an 
analysis corresponding to the anhydrous salt. Before it was used, it was 
kept for several months in a desiccator with phosphorus pcntoxide. Table 
I gives the results of the conductivity measurements and some calcula¬ 
tions based upon them. 

Column 1 of the table gives the number of the experiment. The num¬ 
bers i s to 5, refer to a series made by the dilution method in cell number 2 
as described above; the other data*are from entirely independent determi¬ 
nations. Column 2 gives the concentrations, c, in gram molecules per 
liter; Column 3, the observed specific conductivities, x, in reciprocal ohms; 
Column 4, Xa the observed specific conductivity minus the conductivity 
of the solvent; Col umns 5 and 6 the value 100/equivalent conductivity, 
1 This Journal, 35* 177 (19x3)- 
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as calculated from the concentration and the specific conductivities given 
in Columns 3 and 4, respectively. From these values of 100/equivalent 
conductivity , the equivalent conductivity X can readily be ascertained. 
The value 100/X is extensively used in the discussion of the results, and it 
is for this reason that it was included in the tables rather than the more 
commonly employed equivalent conductivities themselves The other 
data in the table will be discussed below 

Table I —Conductivity of NaOCHO at 25 °. 


No 

C 

X 


100 /X 

100/Xa 

a 

a a 1 

K 

Ka' 

O 

O 



1 

500 

I 

530 





5 s 

O OO548 

0 0003896 

0 0003193 

1 

4* 

K> 

00 

I 

715 





4 * 

O 01095 

7457 

6814 

1 

469 

I 

607 





3s 

O 02190 O 001445 

0 001381 

1 

516 

I 

586 





2 * 

O O4381 

2789 

2724 

1 

571 

I 

608 

o-955 

O 951 

0 884 

0 816 

8 

O 06670 

4ii5 

4052 

1 

621 

I 

646 

0 925 

O 930 

0 766 

0 817 

Is 

O 08763 

5279 

5215 

1 

660 

I 

680 

0 904 

O 910 

O 742 

O 814 

I 

O IO46 

6197 

6129 

1 

688 

I 

707 

0 889 

0 896 

O 742 

O 811 

7 

O 1484 

8439 

8376 

1 

758 

I 

772 

0 853 

O 864 

0 735 

0 812 

9 

O 1718 

9606 

9544 

I 

788 

1 

800 

0 839 

O 850 

0 751 

0 827 

4 

O 2043 

0 01112 

0 01106 

1 

837 

I 

847 

0 817 

O 828 

0 742 

0 815 

6 

O 2351 

0 01252 

0 01245 

1 

878 

I 

00 

00 

-4 

0 799 

O 8ll 

0 745 

0 81$ 

3a 

O 2760 

0 01429 

0 01423 

1 

93i 

1 

940 

0 777 

O 789 

0 746 

0.816 

13 

O 2974 

0 01517 

0 01511 

1 

960 

X 

969 

0 765 

0 777 

0 742 

0 805 

II 

O 3338 

0 01661 

0 01655 

2 

010 

2 

017 

0 746 

0 758 

0 733 

0 795 

14 

O 3968 

0 01902 

0 01896 

2 

086 

2 

093 

0 719 

0 731 

0 730 

0 788 

2 * 

O 45OO 

0 02096 

0 02089 

2 

147 

2 

154 

0 699 

0 710 

0 729 

0 784 

15 

O 5157 

0 02304 

0 02298 

2 

238 

2 

244 

0 670 

0 682 

0 703 

0 753 

12 

O 5933 

0 02546 

0 02539 

2 

3305 

2 

336 

0 644 

0 655 

0 690 

0 737 

id 

O 9867 

0 03440 

0 03433 

2 

871 

2 

877 

0 522 

0 532 

0 564 

0 596 


As has been recently pomted out by Kraus and Bray* conductivity data 
can be very conveniently examined by a graphical method in order to 
determine whether the electrolyte in question obeys the mass law. By 
substituting i/X for a, the mass law, a*c/i — a - K, can be transformed 
into the equation i/X -= i/X 0 -f (i/K\o*)c\, which is a linear relation be¬ 
tween i/X and cX We have preferred, merely for convenience, to plot 
the value 100/X against the specific conductivity (= Xr/1000) This can, 
of course not affect the conclusions 

In Fig. 3 are found a number of such plots drawn to the data found in 
Table I. The cqrve labeled AA corresponds to the data in Columns 
4 and 6 of the table; namely, to the conductivities obtained by subtracting 
the conductivity of the pure solvent from the observed conductivity of 

1 Calculated from the conductivities from which the conductivity of the solvent 
has been*subtracted. * 

* The measurements for number 2 were made while the bath was 0.05° too low. 

* This Journal. 35 , 1324 (1913) See also Noyes, Carnegie Publications, 63. 
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the solutions. 1 It will be seen that for concentrations lying between 0.0438 
and 0.3 the data conform very well to a straight line. 2 The plot on which 
these curves were originally made was drawn to such a scale that deviations 



Fig. 3. 


from the straight line corresponding to 0.1% could readily be observed* 
and none of the values departed from the straight line by more than 0.2%, 
which is within the experimental error when one is dealing with a solvent so 
sensitive to moisture as is formic add. 

It is further to be noted that the conductivities corresponding to con¬ 
centrations above and below these limits depart from the straight line. 
The higher concentrations are to be discussed below. It is self-evident 
from the character of the plot that the deviations in the, low concentrations 
mean that the observed conductivities are smaller than is required for 
conformity to the mass law. Now it will be recalled that the conduc¬ 
tivities used in plotting Curve AA were the values obtained by subtract¬ 
ing the conductivity of the pure solvent from the observed conductivity 
of the solutions. But the solutions contain highly ionized sodium formate 
and the effect of the presence of the formate ion would be to repress the 

1 The scale of ordinates for this curve is found, on the outer left-hand margin of 
the plot. 

* The dotted line A 'A ' is this straight line extended. 
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Ionization of the formic add, and, therefore, to diminish its conductivity. 
Hence, the conductivity obtained by subtracting the total conductivity 
of the add should be too small, and the values of 100/X too large, which 
would account for the upward trend of the curve in the dilute solutions. 
Of course, the same thing would be true for the more concentrated solu¬ 
tions, but in these the conductivity of the solution is so large that the role 
played by the conductivity of the solvent is of less importance. This 
point will receive further elaboration in the next paragraph. By neglect¬ 
ing the upward turn of this curve and extending the straight line portion 
to the axis of ordinate, a value for the equivalent conductivity at infinite 
dilution may be obtained. 1 This is found to be 65.4, and from it, or from 
100 over this value, the degree of ionization, a af for the concentrations 
in the range just discussed and the ionization constant, K ay can be cal¬ 
culated.* These values are found in Columns 8 and 10 of the table. 

In view of the probability that the presence of formate ion in the solu¬ 
tions represses the ionization of the solvent and, therefore, decreases 
its conductivity, a second curve, BB in Fig. 3, 3 has been plotted, using 
the conductivities uncorrected for the conductivity of the solvent. 4 The 
lower*concentrations again deviate from the straight line, this time, how¬ 
ever, in the opposite direction. This deviation indicates that the conduc¬ 
tivities employed for these concentrations in making this curve are too 
large. Two possible explanations can be offered for this phenomenon. 
In the first place, it is possible that in the more dilute solutions the con¬ 
centration of formate ion, resulting from the ionization of sodium formate, 
is sufficient to repress the ionization of the acid partially, but not suffi¬ 
ciently great to repress it completely. The other possible explanation is 
that the observed conductivity of the solvent is not entirely due to its 
ionization, but is in part due to impurities present even in our best acid. 
A preliminary calculation which we have made shows that really both 
causes are operative in producing the deviation noted, but that the pres¬ 
ence of an impurity, whose conductivity is not affected by the ions of so¬ 
dium formate, seems to be the most important factor. 5 This impurity is 

1 On the assumption that the mass law really holds to infinite dilution. It is shown 
below that the deviations in the dilute solutions do not indicate deviation from the 
law, as they are due solely to the high conductivity of the solvent. 

1 Owing to the fact that the values of X occur several times in the equilibrium 
law equation, the deviations of the constants from the mean (about 1%+) are greater 
than the deviations of the conductivities from the straight line. There is no deviation 
in the constants whiclucannot be accounted for by an experimental error of less than 

0 . 3 %. 

9 A portion of this curve is repeated in Fig. 4, labeled “Na,” This enables a com¬ 
parison with the other curves there given. 

4 The scale of ordinates for Curve BB in Fig 3 is found on the inner left-hand 
margin of the plot. 

1 The calculation was made as follows: We assumed that the conductivity of the 
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probably water into which the formic acid seems to be continuously de¬ 
composing This conclusion receives strong support in the fact that the 
deviation under discussion is not observed m the solutions of hydrogen 
chloride, which contain hydrogen ion capable of repressing the loniza 
tion of both the formic acid and of the water Since, therefore, the con¬ 
ductivity of the solvent is due chiefly to an impurity unaffected by the 
presence of the salt, the decrease m the conductivity due to the latter can 
only be very small, and we should expect that the data corrected for the 
conductivity of the solvent should more closely represent the true conduc¬ 
tivity of the solute An inspection of the curves shows that the one for 
the corrected conductivities deviates less from the straight line m the 
dilute solutions than does the other 1 Nevertheless we have calculated 
the degrees of ionization and the ionization constants from the data un¬ 
corrected for the conductivity of the solvent and have presented them m 
Columns 7 and 9 of the table It will be seen that they do not differ 
very much from the others On this account we have occasionally used 
these data in the discussions, as they are a little simpler to handle, but 
whenever it is important to use absolute values for thest data, the con 
ductivities corrected for the conductivity of the solvent should be used 
It appears, therefore, that sodium formate, when dissolved and ionized 
in*(anhvdrous) formic acid, obeys the law of mass action up to a concen¬ 
tration of about o 3 molar when the degree of ionization is calculated di¬ 
rectly from the conductivity of the solutions Above this concentration 
the degree of ionization calculated m this way is less than it should be for 
contmued agreement with the law, and as the concentration increases 
the deviation gradually becomes greater This is the reverse of the kind 
of deviation obseived in dilute aqueous solutions of strong electrolytes 
It is, however, the kind of deviation which is to be expected according to 
the kinetic theory, for in the higher concentrations the volume actually 
occupied by the dissolved substance must become appreciably large m 
comparison with the total volume of the solution 2 Should this be the 
correct interpretation of the deviation which we have observed m the con¬ 
centrated solutions, it should be possible to make a correction for the volume 
solvent (6 X io~*) is entirely due to its ionization and calculated from this the ion 
product constant of the solvent, using for the equivalent conductivity at infinite dilution 
the value 75 which we have obtrmed for hydrochloric acid (A calculation made 
using 220 led to the same results) From the ion product constant thus found, we 
calculated the degree of ionization of the solvent in the presence of the amount of 
sodiumjformate contained m the dilute solutions and from this the conductivity of the 
solve ntjin these solutions The maximum value thus found was only 8 X xo~*, which, 
while not entirely negligible, is not sufficient to account for the whole deviation 

1 In examining the curves of Fig 3 it must be borne m mmd that the axis of 
abscissae is different for the two curves under discussion If drawn to the same origin 
of axes the two curves would be very close together 
1 See Ostwald Z pkystk Chem , 2, 270 (1888) 
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b, of dissolved substance by writing the equilibrium law in the form 
of the equation 

-T7- rx - K' (i) 

(i — a)(v — 6) 

in which v is the volume of the solution. The volume b is the sum of the 
volume of the undissociated molecules plus that of the ions and, unless 
we make some assumptions in regard to the relative values of these vol¬ 
umes, the equation cannot be solved. The simplest assumptions to make 
in order to test the equation are: (i) that the sum of v P , the volume of one 
gram ion of the positive ion, plus v n , the volume of the corresponding quan¬ 
tity of the negative ion, is very large compared to v mt the volume of one 
gram molecule of undissodated salt ; (2) that v p plus v n is twice as large 
as v m ; (3) that v p plus v n is equal to v m and, (4) that v P plus v n is negligibly 
small compared to v m . Calculation shows that the first two assumptions 
lead to values for K f which are not even approximately constant. In 
Table II are given the equilibrium constants K 0 without correction taken 


No. 1 

t . 

Table II. 

Ko.» 

K'«.« 

X/ 4 * 

2 $ 

0.04381 

0.816 

O.816 

0.8l6 

8 

0.06670 

0.817 

O.818 

0.817 

U 

0.08763 

0.814 

O.816 

0.814 

1 

0.1046 

0.811 

O.814 

0.812 

7 

0.1484 

0.812 

O.817 

O 814 

9 

0.1718 

0.827 

0.834 

0.829 

4 

0 2043 

0 815 

O.825 

O 819 

6 

0.235* 

0.816 

0.829 

O 821 

3 f 

0.2760 

0.816 

O.834 

0.823 

*3 

0.2974 

0.805 

0.825 

0.815 

11 

0.3338 

0.795 

0.820 

0.808 

14 

0.3968 

0 788 

0.824 

O 809 

15 

0 5*57 

0.753 

0.812 

0 793 

12 

0.5933 

0.737 

0.8x6 

0.796 

16 

0.9867 

0.596 

0.814 

0.820 

17 

1.017 

0 584 

0.817 

0.830 



Mean, 

0 821 

0.815 


directly from Table I, the constants, K\, for the whole range of concentra¬ 
tions all recalculated on the basis of the third assumption and the corre¬ 
sponding constants K\, calculated on the basis of the fourth assumption. 
The equation resulting from the assumption that v p plus v n is equal to 

1 Number 2 has been omitted since the measurements were made at a somewhat 
lower temperature than was used for the others. Number 17 is from measurements 
ti wfc by Mr. Coleman who is continuing the work herein reported. 

* the constants are calculated from the conductivities which have been corrected 
for the conductivity of the solvent. 
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cfc 

} -w- T\ = K '> to 

(x—«)(i —ch m ) 

and the values found for in the table, are calculated by means of this 
equation, using the value 0.275 for v m . The assumption that the volume 
of the ions is negligible leads to the equation 


(1— a)(i— ch m (i — a)) 4 

which was used in obtaining the values for K\ f the value of v m for this 
calculation being 0.6. All of the other data required for the calculations 
were taken from Table I, The calculations were made for the dilute 
solutions in which the uncorrected mass law holds as well as for the concen¬ 
trated ones, in order to make sure that the volume correction introduces 
no discontinuities. 

It will be noted that, up to the concentration 0.3, the original uncorrected 
values for the equilibrium constant are a little better than either of the 
corrected constants but that in the higher concentrations, for which the 
uncorrected mass law gives very rapidly falling values for K af both of 
the corrected equations yield fairly good constants. The maximum devia¬ 
tion of the values of K\ from the mean is 2.7%, which corresponds to an 
error in the measurement of the conductivities of about 0.6%, while the 
maximum deviation of K\ from the mean is 1.6% corresponding to an 
error of measurement of only 0.3%. In spite of this apparently fairly 
good agreement between the data and the demands of the equations, 
too much stress must not be laid upon these calculations. In the first 
place, while the mean deviations, especially in the case of K\, are not much 
larger than might be expected from the probable errors of measurement, 
they are not as irregular as might be expected from deviations which are 
due entirely to experimental error. In the second place, the values of the 
term v m are larger than one would expect. Thus, if we accept the results 
as meaning that the deviations observed in the concentrated solutions are 
completely explicable on the basis of the volume occupied by the solute, 
we must conclude that in a molar solution the dissolved substance occupies 
about 0.3 of the total volume. This, of course, would not be probable 
unless the molecules are extensively solvated. Finally, in making de¬ 
ductions from these equations, the fact that the volume correction in¬ 
troduces a third constant, v mt into the equations must not be overlooked, 
because an equation with three constants in general fits a given set of 
data better than does a two constant equation. Consequently, we can 
now go no farther than to say that very likely the deviations in concen¬ 
trated solutions are at least partially 1 due to the volume occupied by the 
solute, that this volume is probably quite large and that the volume of 
1 It is not unlikely that the effect of the viscosity will have to be taken into con¬ 
sideration in the mare concentrated solutions. See p. 1606. 
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the ions is probably considerably less than that of the undissodated mole¬ 
cules. It is hoped that further work, to be carried out on more concen¬ 
trated solutions of the formates, will definitely settle these points. 

Thus far the conductivities have been discussed without reference to 
the viscosities of the solutions. It seems quite impossible that the agree¬ 
ment found for the conductivity, uncorrected for the viscosity, of sodium 
formate solutions in formic acid with the mass law can be accidental in 
character. Furthermore, we have found, as is to be shown, that what 
is true of sodium formate is true likewise of potassium formate, of am¬ 
monium formate, of phenyl ammonium formate and of hydrogen chloride 
in the same solvent and no accident could be responsible for this array of 
evidence. Hence, we believed that these solutions might be particularly 
favorable for deciding on the nature of the effect produced by viscosity 
changes and some preliminary measurements were therefore made. 
The viscosities were measured in a small Ostwald viscometer of such di¬ 
mensions that the pure acid flowed out in about ioo seconds. From the 
type of instrument employed, results of the highest degree of reliability 
cannot be expected, but the results are sufficiently accurate to give a 
preliminary survey of the field. At the same time, it was necessary to 
determine the densities of the solutions. This was done in a special 25 
cc. flask with narrow graduated neck and gave measurements accurate 
to about 0.1% or better, which is fully adequate for our purpose. The 
results of these measurements are tabulated in Table III. Column 1 
gives the concentration; Column 2 the density d\ Column 3 the viscosity 77, 
and Column 4, a constant, A, calculated from the viscosities on the basis 
that the variation of these with the concentration is a linear function. 
The experimental values for the densities can be very accurately repro¬ 
duced by the equation: , , 

n d * x.2142 4- 0.0356c. 

Table III —The Relative Viscosities and Densities of Sodium Formate'Solu¬ 
tions in Formic Acid at 25°. 


c. 


d 

v l 

A 

0 0000 

1 

2142 

0.0162 


0.04228 

X 

2156 

0 01669 

O OII82 

0 06941 

1 

2162 

0 01700 

O OII53 

0 1124 

1 

2183 

0 01743 

O OIO94 

0 2382 

1 

2228 

0 01892 

O OII42 

0 4460 

1 

2298 

0 02139 

O OII64 

0 5759 

1 1 

2342 

0 02302 

O 01182 

0 7435 

1 

2400 

0 02532 

O 01227 

O 9876 

1 

2497 

0 02926 

O OI325 


1 These viscosities are only relative values. No effort was made to determine the 
absolute value for the pure add, and as the data found in the literature differed con¬ 
siderably from each other, the rounded figure 0.0162 was chosen for the pure add. 
Since we have no means of determining the accuracy of the viscosity data until they 
have been, at least in part, repeated with a more reliable instrument, we have given the 
number of decimal places which correspond to the “reprodudbility” of the results. 
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It will be observed that the values of A show a decided minimum. 
The deviation from a straight line is not very great, amounting to a few 
per cent. In calculating the viscosities corresponding to the concentra¬ 
tions required for the conductivities, a value for the constant A was chosen 
from the table by interpolation and the viscosity calculated by a straight 
line formula of the form. 

r) = 0.0162 + Ac. (2) 

By choosing for each concentration suitable values for A the experimentally 
determined viscosities can thus be very well reproduced. Table IV 
gives the results of the viscosity calculations. Column 1 again gives the 
number of the conductivity determination, Column 2 the concentration; 
Column 3, the value for A for the respective concentrations calculated 
as described above; Column 4 the viscosities calculated according to equa¬ 
tion 2; Column 5, the value of a hypothetical, corrected conductivity 
calculated on the basis of the equation 

X, = X- v/Vo 

in which rj is the viscosity of the solution, rj 0 the viscosity of the pure 
solvent, x the specific conductivity of the solution not corrected for the 
conductivity of the solvent, and x v the hypothetical, corrected specific 
conductivity. Column 6 gives the value of 100/ X„ as calculated from the 
"corrected specific conductivity” of Column 5 and the concentration. 

Table IV —Conductivities op NaOCHO at 25 0 Corrected for Viscosity. 


No 

c 

A 

V 1 

** 

100/x, 

O 

0 


0 01620 

.. 

... 

5s 

0 005477 

O 012 

0 01627 

0 0003852 

I 427 

4 s 

0 01095 

O 012 

0 01633 

0 0007517 

I 457 

3 s 

0 02190 

O 012 

0 01646 

0 0014685 

I 492 

' 2, 

0 04381 

O OIl8 

0 01672 

0 002878 

1 522 

8 

0 06670 

O 0113 

0 01697 

0 004310 

I 548 

1* 

0 08763 

O 0112 

0 1718 

0 005598 

1 565 

1 

0 1046 

0 0110 

0 01735 

0 0066375 

I 576 

7 

0 1484 

O OIII 

0 01785 

0 009298 

I 596 

9 

0 1718 

O 0112 

0 01812 

0 010745 

1 599 

4 

0 2043 

O 0113 

0 01851 

0 01270 

1 608 

6 

0.2351 

O 0114 

0 01888 

0 01459 

I 6ll 

13 

0 2974 

0 01145 

0 01960 

0 018355 

I 620 

11 

0 3338 

O 0115 

0 02004 

0 02055 

I 624 

14 

0 3968 

O OIl6 

0 02080 

0 02442 

x 625 

2 * 

0 4500 

O OII65 

0 02144 

0 02774 

1 622 

15 

0 5157 

0 01174 

0.02225 

0 03166 

1 628 

12 

O 5933 

O OII87 

0 02324 

0 03652 

1 625 

16 

0 9876 

2 

0 02928 

0 06217* 

1 589 


1 See footnote i, Table III. 

* This concentration is one for which the viscosity was directly determined. 

* There was no room for this value on the plot 

4 The measurement of the conductivity was made while the bath was 0.05 0 too 


low. 
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The values of ioo/\, taken from Table IV, have been plotted against 
the specific conductivities ‘‘corrected for viscosity” taken from the same 
table. The curve is labeled CC 1 on Fig. 3. The portion of the curve 
corresponding to concentrations up to 0.3 molar is not a straight line. 2 
Above this concentration the curve is almost a straight line. Up to about 
0.6 molar the maximum deviation from the straight line is only about 
0.5% and even at the most concentrated solution measured, 0.9876 molar, 
the deviation may be due to error in the viscosity measurements, as it is 
well known that the small viscometers of the type used may deviate 
quite ajlittle from Poiseuille’s law when the relative viscosities measured 
differ as much as they do in the case of these solutions. 8 We may, there¬ 
fore, treat the curve, for the present, as if it were a straight line, parallel 
to the axis of specific conductivities. Such a line does not, however, 
indicate agreement with the demands of the equilibrium law. For the 
curve means, if the conductivities corrected for viscosity are to be used 
in calculating the degree of ionization, that, as we go from dilute to con¬ 
centrated solutions, the degree of ionization first decreases and then be¬ 
comes constant and remains constant to very high concentrations. 4 Such 
a conclusion is not even qualitatively in agreement with our ideas of 
chemical equilibrium. 6 Consequently, it seems very doubtful to us 

1 The scale of ordinates for this curve is found on the inside of the left-hand 
margin of the plot. 

* This cannot be due to the effect of the conductivity of the solvent. In the first 
place, the corresponding curves for the data which have not been “corrected” for vis¬ 
cosity are straight lines at much lower concentrations. In the second place, it can be 
shown that the influence of the conductivity of the solvent upon the character of the 
curve ceases above 0.05 molar. The data given in Table IV have not been corrected 
for the conductivity of the solvent. If this correction is made and the resulting data 
are plotted and compared with curve CC, it will be found that the two curves are en¬ 
tirely similar until we get considerably below the concentration 0.05 molar, where the 
doubly corrected curve flattens out and gradually turns upward. Prom this it is dear 
that It is only below 0.05 molar that the conductivity of the solvent affects the character 
of the curve. 

1 On the other hand, it is possible that these deviations from the straight line are 
real and that there is a true maximum at about 0.5 molar. The deviation can be only 
very slight, however. The data for potassium formate show a similar, but even less- 
pronounced maximum (deviation from the straight line only 0.2%), while in the case 
of ammonium formate there is a more clearly defined maximum. It will require more 
accurate data, which are now being obtained, to decide the question. The conclusions 
which we have tentatively reached in the main body of this paper would not be affected 
if the curves show a maximum instead of being horizontal straight lines. 

4 If we consider the curve to have a real maximum, we must conclude that the de¬ 
gree of ionization has a minimum at about 0.5 molar. 

1 Robertson and Acree, Am. Chm. J., 49, 502 (1913) have found that when they 
applied the viscosity correction to some of their conductivity data somewhat similar 
results were obtained. 
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that the application of the viscosity correction 1 is justified in these 
solutions. 

Since there is, however, a great deal of evidence that the viscosity 
has, in many solutions, a decided effect upon the mobilities of the ions, 
there must be a reason why, in the case of the solutions of the formates 
in formic add which we have investigated, ths viscosity should have no 
such influence. There are a number of conceivable explanations. In 
the first place, it is possible that in the dilute solutions the ions are exten¬ 
sively solvated and that as the concentration increases they lose their formic 
acid of solvation and thus become smaller. 2 Such a progressive change 
in the volume of the ions could, of course, counteract the increase in vis¬ 
cosity. It does not seem, however, as if this could be the correct inter¬ 
pretation, as the decrease in volume necessary to produce the required 
result is greater than we have reason to bdieve likely to occur. 8 

A much more reasonable explanation for the absence of a noticeable 
viscosity effect is the following: Kraus 4 has suggested that in many or¬ 
ganic solvents the great increase in viscosity with increasing concentration 
is due to the presence in the solutions of a relatively small number of very 
large undissodated molecules and that these, while they greatly decrease 
the fluidity of the solution as measured by the rate of flow through a capil¬ 
lary tube, do not greatly affect the mobility of the ions. This explana¬ 
tion is not in contradiction to any of the commonly dted theories concern¬ 
ing the flow of partides through viscous media, since these theories are 
based on the assumption that the molecules of the diffusing substance 
are large compared to the molecules of the viscous medium. Furthermore, 
the direct experimental evidence of these theories has been obtained under 
conditions in which these assumptions are justified. We have some evi¬ 
dence that, in the solutions now under discussion, the reverse of these 
assumptions is true. In the first place, the increase of the viscosity as 
the concentration increases is very large, indicating that the molecules 
which produce the viscosity change are very large. In the second place, 
although the evidence is indirect and not yet definitely established, the 
behavior of the concentrated solutions 5 seems to indicate that the ions 

1 A number of modifications of the simple viscosity correction have been suggested 
by Green, Johnston, Washburn, Kraus and others For references, see the articles 
by Kraus cited below. We have, so far as the data permit, applied such modified 
viscosity corrections, but have found that no essential changes have resulted. These 
calculations are therefore not given. 

* The same suggestion has been made for aqueous solutions. See for example. 
Hartley, Thomas and Applebey, J. Chcm. Soc., 93, 333 (1908); Green, Ibid., 93, 
2033; Bousfield, Z. physik. Chcm., 53, 257 (1903); Washburn, Trans Am. EUctrochem. 
Soc., 21, 128 (191a)* 

»See Kraus, This Journal, 36, 35 (19*4)- 

4 Loc. tit. See also Washburn, loc. tit., p. 30, ct seq. 

1 See page 1602. 
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are considerably smaller than the undissociated molecules. These are 
exactly the conditions which, according to Kraus, tend to make relatively 
small the effect of viscosity increase upon the conductivity of solutions. 

In view, therefore, of the possibility of explaining the apparent absence 
of viscosity influence and especially because of the excellent agreement 
between the data for uncorrected conductivities and the demands of the 
law of chemical equilibrium, we believe that the usual viscosity correction 
should be not applied in these solutions. 1 As has been already mentioned 
this conclusion receives added confirmation from the fact that thus far 
in all of the solutions investigated by us in this solvent the same condi¬ 
tions are found.* 

Potassium Formate. 

The potassium formate was prepared by treating pure potassium car¬ 
bonate with a large excess of boiling formic acid, which had been purified 
by the method described. The resulting salt was recrystallized several 
times from the pure acid. When apparently dry, the salt was found still 
to contain as much as 20% of the add. This was removed by heating the 
substance to about 150° (which is a little below the melting point of the 
pure salt) for several days until it reached constant weight. The resulting 
9 olid analyzed to 99.6% potassium formate. The residual add, which 
it probably contained, could doubtlessly have been driven out by melting 
the salt, but as the presence of add could not affect the results, it was 
thought better to leave the salt in the condition described rather than to 
risk the danger of decomposition by further heating. 

The solutions were made up as was described for sodium formate. The 
potassium salt is, however, far more hygroscopic than the sodium salt 
and consequently there is much greater liability of slight deviations. In 
spite of this, the data for this salt are as concordant as they are for the 
sodium formate. The data for the conductivity measurements will be 
found in Table V, the arrangement of this table being the same as for 
Table I. 

It will be seen from the table that the conductivity data agree very well 
with the mass law whether they be “corrected” for the conductivity of 
the solvent or not. As in the case of sodium formate, deviation from the 
straight line, which represents the behavior in case agreement with the 

1 It is not unlikely that in the concentrated solutions the viscosity effect becomes 
noticeable. 

* Solutions of other uni-univalent formates are being investigated in the hope that 
in some of them the viscosity conditions will not be like those thus far met with. This 
may lead to a definite means of proving our conclusions. Furthermore, conductivity 
determinations of mixed solutions will be made in order to see whether the conductiv¬ 
ities thus found will agree with the mass law and the degrees of ionization as calculated 
in this paper. Finally, transference experiments are planned to complete the data 
necessary for a complete elucidation of the points discussed. 
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Tabus V.— Conductivity of KOCHO at 25*. 


No.* 

c 


X 

Xtf 

100 a. 

100A«. 

a. 

a 

a 

K. 

Ka. 

0 


O 



... 


430 

1 

.452 









5* 

0 

01056 

O 

000759 

0 000696 


39i 


514 









As 

O 

02112 

O 

OOI482 

0 0014x9 


425 


488 









14 

0 

4052 

O 

OO2756 

0 002693 


470 


505 









35 

0 

4224 

O 

OO2864 

0 002801 


475 


508 









3 

0 

5480 

O 

OO3667 

0 003603 


495 


521 









13 

0 

06342 

O 

004210 

0 004147 


506 


529 

(o 

95] 



[I 

ii] 



9 

0 

07661 

O 

005000 

0 004974 


533 


552 

[O 

93] 

[O 

935) 

[0 

9921 

[1 

036] 

2 $ 

0 

08448 

O 

005474 

0 00541I 


543 


561 

[O 

927] 

(o 

930] 

[O 

99i] 

[1 

051 

10 

0 

09464 

O 

OO6065 

0 006002 


560 


577 

O 

917 

O 

921 

0 

955 

I 

006 

8 

0 

1059 

O 

OO69OI 

0 006638 


58 i 


596 

O 

904 

O 

910 

0 

907 

0 

9761 

15 

0 

1137 

O 

007171 

0 007108 


585 


599 

O 

902 

O 

909 

0 

946 


027 

4 

0 

1270 

O 

007917 

0 007854 


604 


617 

0 

891 

O 

898 

0 

930 


004 

16 

0 

1712 

O 

OIO36 

0 01030 


652 


662 

0 

866 

O 

874 

0 

954 


035 

5 

0 

2121 

O 

OX249 

0 01243 


698 


706 

0 

842 

O 

85 x 

0 

953 


008 

iz 

0 

2627 

O 

01499 

0 01493 


75i 


759 

0 

817 

O 

825 

0 

956 


026 

12 

0 

3043 

O 

OI696 

0 01690 


793 


800 

0 

797 

O 

807 

0 

955 


024 

6 

0 

3195 

O 

OI765 

0 01759 


810 


816 

0 

790 

O 

800 

0 

950 


019 

19 

0 

3917 

O 

02086 

0 02080 


877 


883 

0 

762 

O 

771 

0 

954 


017 

17 

0 

4432 

O 

02301 

0 02295 


922 


927 

0 

744 

O 

753 

0 

948 


021 

18 

0 

6104 

O 

02918 

0 02912 

2 

094 

2 

098 

0 

683 

O 

692 

lo 

898] 

[0 

950] 


law exists, is found above and below certain limits, the range of agieement 
in this case being from 0.09 to above 0.45 molar. Since the nature of the 
deviation in the low concentrations is of exactly the same kind as in the 
case of the sodium salt, we may again assume that it is due to a small 
residual conductivity of the acid, a residual conductivity caused chiefly 
by some impurity whose degree of ionization is not repressed by the ions 
pf the potassium formate. 

The concentrated solutions also are entirely analogous, the deviation 
from the law of mass action of both being in the sense that the degree of 
ionization is too small . In the case of the potassium salt the deviation 
begins at a higher concentration than in the case of the sodium salt. On 
account of the similarity of the two cases, only one curve is shown for 
potassium formate, namely, the one for the conductivities “uncorrected” 
for the conductivity of the solvent. It is found in Fig. 4 and is labeled K. 

The viscosities and densities were determined in the manner described 
for the sodium salt. The viscosities corresponding to the concentrations 
were calculated from the values found in Table VI just as has been de¬ 
scribed for the other solutions and a set of conductivities “corrected for 
viscosity” calculated as before. These, and the corresponding values of 
100/ are found in Table VII. 

1 Nos. 1 and 2 were made with a salt containing 20% acid and are, therefore, not 
included Number i s was practically identical with number z6 and is not included 
Numbers 8 and 4, do not lie well on the curve but they are practically duplicated in 
numbers 15 and 16 which agree very well 
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Fig 4 


Table VI—Density and Relative Viscosity 1 op KOCHO Solutions at 25®. 


c 

d 

A 

V 

0 

1 2142 


0 0162 

0 0548 

I 2166 

0 0109 

0 01680 

0 0733 


0 0108 

0.01699 

0 0176 


0 0105 

0 01743 

O 1270 

O 1787 

I 2201 

0 01063 

0 01810 

O 1888 


0 0106 

0 01820 

O.2099 


0 0101 

0 01832 

O 2121 

O 2619 

I 2230 

0 01008 

0 01884 

0 2878 

I 2266 

0 0097 

0 01899 

O 3195 

I 2282 

0 01004 

0,01941 

O 3832 
9/3917 

r 2324 

0 01009 

0 020x5 

O 4445 


0 01005 

0 02067 

O 6104 

x 2420 

0 01030 

0.02237 


The density data of Table VI can be reproduced with an accuracy of 
better than 0.01% by the equation 

d * 1.2142 + 0.045c. 


1 See footnote. Table III. 
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Table VII. —Conductivity or KOCHO Solutions "Corrected for Viscosity” 

at 25 0 


No 1 

c 

V * 

X, 

100/X1,. 

O 

O 

0 0162 


. . . 

5 s 

0 01056 

0 01632 

0 000765 

I 381 

4 s 

0 02112 

0 01643 

0 001503 

I 405 

3 s 

0 04224 

0 01664 

0 002945 

I 434 

3 

0 05480 

0 01680 

0.003803 

1.441 

13 

0.06342 

0 01690 

0 004392 

1 444 

9 

0 07661 

0 01703 

0 005256 

1 458 


0 08448 

0 01710 

0 005778 

1 462 

10 

0 09464 

0 01721 

0 006443 

1 469 

15 

0 1137 

0 01741 

0 007707 

1 474 

16 

0 1712 

0 01801 

0 01152 

1 487 

5 

O 2121 

0 01834 

0 01414 

1 500 

11 

O 2627 

0 01885 

0 01745 

1 506 

12 

O 3043 

0 01927 

0 02008 

1 508 

6 

O 3195 

0 01943 

0 02117 

1 509 

19 

O 3917 

0 02016 

0 02596 

I 509 

17 

O 4432 

0 02068 

0 02937 

1 509 

18 

O 6104 

0 02249 

0 04051 

1 507 


The curve, K' (Fig. 4) for the conductivities "corrected for viscosity 
just like the corresponding one for sodium formate. It becomes paiallel to 
the axis of specific conductivities at the concentration 0.26 molar and re¬ 
mains so to the highest concentration measured, 0.61 molar, which, however, 
is not nearly so high a concentration as the highest for sodium formate. 
It is not impossible that, at a corresponding concentration, the potassium 
formate curve might fall off from the straight line as does the other. 
The line as drawn deviates, in the parallel portion, only by 0.2% from the 
straight line. 

Ammonium Formate. 

Solutions of this salt have already been investigated by Schlesinger 
and Calvert. 3 It was deemed advisable to repeat this work for several 
reasons. In the first place, owing to the fact that their solutions were made 
by passing ammonia into the acid, only one or two analyses of the original 
solution could be made and the remaining solutions had to be made up 
by the dilution method. This is objectionable in the concentrated solu¬ 
tions, because of possible volume changes upon dilution which cannot 
readily be taken into account 4 as was pointed out in the earlier paper. 

1 Those experiments which on the curve for conductivities uncorrected for viscosity, 
appeared not to be in concordance with the others have been omitted in this table. 
There are practically duplicates for all such points Also points lying very close* to 
one another have been represented here by only one of the two. 

* See footnote 1, Table III. 

# Loc. cit. 

4 In the more dilute solutions such changes cannot be of importance. 
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In the second place, the analyses were difficult to make because of the 
large excess of very volatile acid present in the solutions. In order to 
avoid these difficulties, 1 * * we prepared ammonium formate by saturating 
the purest acid with ammonia and recrystallizing the salt from formic 
add solution. The salt thus prepared, was kept for weeks in a desiccator 
over potassium hydroxide. The final product was analyzed by distilling 
off the ammonia in the presence of sodium hydroxide. All of the usual 
precautions to prevent spattering of the alkali and of removing all of the 
ammonia by a current of pure air, etc , were observed. The add in which 
the ammonia was collected was carefully standardized The salt used 
showed 100% ammonium formate within the limits of analytical error. 
From this salt the solutions were made up as in the case of the previously 
described salts. 

The results of the measurements are given in Table VIII and in the curve 
labeled NH* in Fig. 4. This is the curve for the actually observed con¬ 
ductivities, those corrected for the conductivity of the solvent not being 
plotted because of their similarity to the sodium formate curve. The 
arrangement of Table VIII is identical with that of Table I 

Table VIII.— Conductivity op NH4OCHO at 25 °. 


No* 

c 

X Xc 

100 A 

100 /Xfl 

a 

t*a 

K 

Ka 

O 

0 



410 

I 430 





4 * 

0.01162 

0 000866 0 000803 


340 

X 447 





3*'* 

0 02197 

0 001598 0 001535 


375 

l 43i 





14 

0 02962 

0 002125 0 002062 


395 

1 438 





2*' 

0 04394 0 003065 0 003002 

0 

434 

1 464 





2* 

0 04646 0 003220 0 003157 


443 

1 472 





*3 

0 06821 

0 004581 0 004515 


489 

l 511 

O 947 

0 946 

1 15 

I 14 

is 

0 09293 

0 006134 0 006071 


515 

1 53i 

O 931 

0 934 

1 16 

I 23 

2 

0 1070 

0 006988 0 006923 


532 

1 546 

O 920 

0 925 

1 14 

I 22 

6 

0 1914 

0 01184 0 01177 


617 

1 636 

O 872 

0 879 

1 14 

I 23 

X 

0 2711 

0 01609 0 01603 


685 

1 691 

0 837 

0 845 

1 16 

I 23 

X2 

0 3207 

0 01855 0 01848 


728 

1 735 

O 8l6 

0 824 

1 16 

I 24 

XO 

O 3220 

0 01858 0 01852 


732 

1 739 

0 814 

0 822 

1 15 

I 23 

5 

0 3822 

0 02154 0 02147 


775 

1 780 

0 794 

0.803 

[x x 7 ] 4 

[l 25 ] 4 

XX 

0 4236 

0 02336 0 02329 


813 

1 819 

0 778 

0 786 

1 15 

I 23 

4 

0 4643 

0 02519 0 02512 


843 

1 848 

0 765 

0 774 

1.16 

I 23 

3 

0 533 * 

0 02825 0 02819 


894 

x 898 

0 744 

0 753 

1 16 

I.23 

8 

O 6081 

0 031x5 0 03108 


952 

x 956 

0 723 

0 731 

1.15 

I 21 

7 

0 6373 

0.0^304 0.03298 


990 

1 994 

0 709 

0 717 

[1 13] 

[l 20] 


1 Our procedure is not as reliable for the dilute solutions as will be shown below. 

* Two series were made in this case because the data did not agree with those of 
Calvert and the curve was not just like the sodium formate curve in the dilute solutions 
The corresponding data have been numbered s and s', respectively. They are seen to 
be concordant. 

1 Made up in a calibrated 50 cc. flask. 

4 This point is apparently incorrect. This can be seen by reference to the plot. 
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It is evident that tlie results for ammonium formate are, in general, 
like those for sodium and potassium formate and that they fully confirm 
the results of Schlesinger and Calvert. 1 The deviation in the more con¬ 
centrated solutions begins above 0.55 molar. 2 A slight difference between 
the ammonium salt and the others is found in the dilute solutions, which 
fall away from the straight line much more rapidly than do the correspond- 
• ing points for the other salts. We ascribe this to impurity in the ammo¬ 
nium formate, because Schlesinger and Calvert’s results were entirely 
analogous to ours on sodium and potassium formates and because we 
•obtained a similar result with an ammonium formate sample which 
had been freshly prepared. This sample of salt was not then used be¬ 
cause it still contained an excess of formic acid. The somewhat different 
result obtained after the salt has been kept for some time can be explained 
by assuming partial (very slight) transformation into formamide. This 
impurity would not affect the concentrated solutions because its conduc¬ 
tivity is very small. 3 But in the more dilute solutions, where it would 
be more highly ionized, its effect would be to make the apparent conduc¬ 
tivity of the ammonium formate too large. This explanation is offered 
•only as a suggestion; further work would be required to settle the point. 
It is, however, a matter of little importance, since the agreement with 
data for the salts in the more concentrated solutions is excellent. 

The viscosity and density data are given in Table IX. 

Tabus IX —Viscosity and Density of NH4OCHO Solutions at 25 0 


c 

d 

U 4 

A 

0 8847 

1 2273 

O 02418 

O 00903 

0 8290 

I 2269 

O O2356 

O 00888 

0 5221 

I 2222 

O 02063 

O 00848 

0 3676 

I.2203 

O 01923 

O 00824 

0 3207 


O 01888 

O 00835 

0 2868 

I 2189 

O OI859 

O 00833 

0 2495 

I 2186 

O O184I 

O 00886 

O T422 

I 2166 

O 01745 

0 00907 

O 05978 

I 2152 

O 01680 

0 01004 

O 

I 2142 

O OI 62 1 



In Table X are given the calculations for the “corrected conductivities,’* 
calculated as before. 

1 The line drawn from their data does not fall exactly on ours, probably because 
of the more accurate analysis permitted by our method of making up the solutions. 

1 The last one of our points to fall on the straight line is for the concentration 
o*535. The next point o 608, lies slightly above the line, but S and C found that the 
point for o 55 was still on the line. 

1 The concentrated solutions of the fresh and the old salt showed good agreement* 

4 See footnote i, Table III. 
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Tamm X.---CoMDUCTivmr of NH*OCHO #l CoauotmD M for Viscosity at 25°. 


No. 


A . 



100,V 

O 

.. . 


0.162 



13 

0.06821 

0.0X000 

0.0x688 

0.004774 

1.429* 

I 

0.09293 

0.00965 

0.0x710 

0.006475 

1-435 

2 

0.1070 

0.00919 

0.01718 

0.007410 

1 444 

6 

O.1914 

0.00896 

0.01791 

0.01309 

x .462 

1 

O.2711 

0.00855 

0.0x852 

0.01840 

1-475 

12 

O.3207 


0 0x888 

0.02162 

1.483 

IO 

O.3220 

0.00833 

0.0x888 

0.02165 

1.487 

5 

0.3822 

0.00826 

0.0x935 

0 02573 

ti.486]* 

11 

0.4236 

0.00834 

0.01973 

0.02845 

1.489 

4 

0.4643 

0.00838 

0.02009 

0.03124 

1.486 

3 

0.5351 

0.00850 

0.02075 

0.036x8 

1.479 

8 4 

0.6081 

0.00859 

0.02143 

0.04120 

1.476 

7 4 

0.6575 

0.00866 

0.02189 

0.04464 

>•473 


The curve corresponding to the data in Table X is found in Fig. 4 and 
is labeled NH/. It is very similar to the corresponding curves for sodium 
and potassium formates. The portion corresponding to the concentrated 
solutions does not lie quite on a straight line parallel to the axis of specific 
conductivities, but shows a slight maximum. The deviation from a 
straight line is about 1%, but, since the maximum is quite regular, it may 
not be due to experimental error. If the data are correct, they would 
mean that the degree of ionization has a minimum at about 0.4 molar. 
A similar trend has been pointed out in the data for the other salts. 

Phenyl Ammonium Formate. 

The work was carried out exactly as for the other salts, except that 
aniline was used to make up the solutions instead of the salt itself. The 
accuracy of the work was somewhat interfered with by the fact that the 
solutions are not stable, probably because of anilide formation. By 
working rapidly, however, good results could be obtained, excepting that 
occasionally a reading was taken before temperature equilibrium was 
established. Usually, however, the change due to temperature adjust¬ 
ment could be distinguished from the other, slower change in the solu¬ 
tions. It took some experience before this was learned and for this reason 
the data found in the table are from the later experiments, as can be seen 
from the numbers. Because of this tendency of the solutions to undergo 
change, dilute solutions were not studied as a dilution series takes several 
hours at the best. In all other respects the experiments and the results 

1 The calculations for those concentrations at which the deviation due to the con¬ 
ductivity of the solvent are noticeable, have not been included in the table. 

* See footnote, Table III. 

1 Concerning this point see footnote 3 on p. 16x0. 

4 These points are not plotted on the curve as they lie beyond the field covered 
by the plot but the curve is drawn so that it would include these points if it were ex¬ 
tended. 
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are entirely analogous to the ones for the sodium and potassium salts. 
They require therefore, no further discussion. The data are found in 
Tables XI, XII and XIII, which correspond to analogous tables in the 
preceding and the curves are drawn in Fig. 4 The one labeled A is for 
the conductivity data without correction for the conductivity of the solvent 
and the one labeled A ' is for the conductivity corrected for viscosity 
Table XI —Conductivity of Phenyl Ammonium Formate at 25 0 


No 


c 


X 


XO 

100 /X 

100 /Xfl 


a 




K 

Ka 

O 


0 





I 

514 

I 

545 








. 

8 

0 

04866 

0 

003022 

0 

002960 

I 

6lO 

I 

644 

0 

940 

0 

940 

0 

719 

0 

714 

28 

0 

06238 

0 

003828 0 

003764 

I 

6295 

I 

657 

0 

929 

0 

932 

0 

742 

0 

802 

29 

0 

08758 

0 

005231 

0 

005166 

I 

674 

I 

695 

0 

904 

0 

911 

0 

748 

0 

822 

30 

0 

1466 

0 

008295 0 

008231 

I 

768 

I 

782 

0 

856 

0 

867 

0 

00 

O 

829 

22 

0 

1845 

0 

01006 

0 

009995 

1 

834 

I 

846 

0 

825 

0 

837 

0 

720 

O 

792 

42 

0 

2105 

0 

01130 

0 

01124 

I 

863 

I 

874 

0 

813 

0 

824 

0 

742 

0 

815 

21 

0 

2395 

0 

01260 

0 

01253 

I 

9015 

I 

911 

0 

796 

0 

808 

0 

745 

0 

817 

26 

0 

2740 

0 

01404 

0 

01400 

I 

9515 

I 

960 

0 

776 

O 

788 

O 

73(6 

O 

804 

20 

0 

3174 

0 

01582 

0 

01575 

2 

007 

2 

015 

0 

754 

0 

767 

0 

736 

O 

800 

25 

0 

3494 

0 

01700 

0 

01694 

2 

055 

2 

063 

0 

737 

0 

749 

0 

721 

0 

780 

31 

0 

3894 

0 

01865 

0 

01859 

2 

088 

2 

095 

0 

725 

O 

737 

0 

744 

O 

806 

34 

0 

4391 

0 

02026 

0 

02026 

2 

167 

2 

174 

0 

699 

0 

711 

[0 

711] 

[0 

767] 


Table XII— Density and Viscosity of Phenyl Ammonium Formate Solutions 



AT 25 


c 

d 

V 1 

I 0410 

I 2133 

0 02668 

O 6276 

I 2143 

0 02231 

0 4070 

I 2148 

O 02000 

O 3316 

I 2147 

O 01943 

0 1587 

I 2146 

O 01775 

O 08122 

I 2140 

O 01704 

O 

I 2142 

O 0162 


Table XIII —Conductivities of Phenyl Ammonium Formate at 25 "Corrected” 

for Viscosity 


No 

< 

n* 

X* 

100 /X, 

8 

0 04866 

0 01673 

0 003121 

X 559 

28 

0 06238 

0 01689 

0 003991 

1 563 

29 

0 08758 

0 01712 

0 005528 

1 584 

30 

0 1466 

0 01764 

0 009033 

1 623 

22 

0 1845 

0 01797 

0 OZI6 

1 653 

24 

0 2105 

0 01832 

0 0x272 

1 655 

21 

0 2395 

0 01850 

0 01438 

1 663 

26 

0 2740 

0 01890 

0 01638 

1 672 

20 

0 3174 

0 01932 

0 01886 

1 683 

25 

0 3494 

0 01958 

0 02055 

1 700 

31 O 3894 

See footnote 1, Table III. 
See footnote to Table III 

0 01988 

0 02289 

1 702 
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The latter is not a straight line, and shows no portion parallel to the axis 
of specific conductivity, probably because the work was not extended into 
sufficiently concentrated solutions. Deviation in the higher concentra¬ 
tions begins between 0.3 and 0.4 molar. The actual point of deviation 
is not definitely settled, because it is quite difficult to be sure that apparent 
deviation is not due to the changes occurring in the solutions, as was men¬ 
tioned above. Judging from the curve, the most probable point is at 
about 0.3 molar. 

Hydrogen Chloride. 

Zanninovich-Tessarin 1 concluded from his measurements of the con¬ 
ductivity of solutions of hydrogen chloride in formic acid that there was 
practically no ionization, and from his measurements of the depression 
of the freezing point of formic add by hydrogen chloride that the latter 
was associated in this solvent. As has already been pointed out by Schles- 
inger and Calvert,* if these condusions are correct, salts such as ammo¬ 
nium diloride should be practically completely decomposed in formic add 
solution into a formate and hydrogen chloride and the conductivity of 
the salt should, therefore, be practically the same as that of the correspond¬ 
ing formate. The work of Schlesinger and Calvert showed that the con¬ 
ductivity of ammonium chloride was entirely different from that of am¬ 
monium formate. For this reason, it seemed necessary to repeat the work 
of Zanninovich-Tessarin. On account of certain difficulties, which would 
have required the construction of a new conductivity cell to obtain re¬ 
sults of the degree of accuracy reached in the measurements on the form¬ 
ates, results accurate to only about one to 2% were sought. This degree of 
accuracy was suffident to dedde the question of the hydrolysis of salts, 
as well as to give a fairly definite idea of the behavior of hydrogen chloride 
in the solvent. 

The measurements were made in cell No. 2, the solutions being made 
from one another by the dilution method. The original solution was 
prepared by passing carefully dried hydrogen chloride gas through formic 
add contained in the conductivity cell. The undissolved gas was displaced 
by a current of dry air. Since the volume of the resulting solution was 
not the same as that of the original formic add, both because of loss of 
acid by volatilization and because of the change in volume resulting from 
the dissolution of the gas, the concentrations could not be calculated in 
the ordinary way 4 . Consequently, the portion of solution withdrawn from 
the cell in order to make the dilution was analyzed each time by predpita- 
tion of the chlorine as silver chloride. Two difficulties stood in the way of 
attaining great accuracy in the type of cell used for our other work. In the 
first place, the more concentrated solutions seem to lose hydrogen chlo- 
1 2 . physik . Chem., 19, 251 (1896). 
s hoc. cit. 
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ide rapidly and the measurements are, therefore, made under great dis- 
idvantages. The more dilute solutions have a conductivity which is not 
sufficiently greater than that of the pure solvent to give very trustworthy 
•esults. Furthermore, the amount of silver chloride precipitated from 
to cc. of the dilute solutions is too little to allow of an analytical accuracy 
)f more than 1%, or less, without the use of the nephelometer However, 
10 attempt was made to refine the analytical method because of the other 
lifficulties mentioned. The results obtained, which are given in Table 
XIV, show that the data of Zanninovich-Tessarin are incorrect and that 
Table XIV —Conductivity of HC 1 in Formic Acid ai 25 0 

No of 



c 

X 

X 

a 

K 

0 

0 


80 0 



2 

0 0080 

0 000566 

70 0 

0 88 

[0 0520] 

3 

0 Oil! 

0 000768 

69 2 

0 86 

[0 0449] 

2 

0 0150 

0 000936 

62 3 

0 78 

0 0415 

1 

0 0152 

0 000931 

61 4 

0 77 

0 0388 

3 

0 0195 

0 OOI15 

58 9 

0 74 

0 0407 

2 

0 0276 

0 00148 

53 7 

0 67 

0 0376 

3 

0 0328 

0 00170 

51 8 

0.65 

0 0392 

2 

0 0518 

0 00234 

45 2 • 

0 57 

o 0385 

3 

0 0570 

0 00255 

44 7 

0 56 

O 0404 

2 

0 0951 

0 00355 

37 4 

0 47 

0 0392 

3 

0 101 

0 00377 

37 4 

0 47 

0 0415 

1 

0 137 

0 00454 

33 1 

0 41 

0 0398 

2 

0 174 

0 00528 

30 0 

0 38 

0 0405 

1 

0 281 

0 00732 

26 0 

0 32 

|o 04381 

2 

0 317 

0 00801 

25 3 

0 32 

fo 466] 


foi*mic acid solutions of hydrogen chloride are good conductors. The 
reason for this divergence between our results and those of the former 
investigator doubtless lies in the fact that the acid used by him as solvent 
was very impure, as judged from its high initial conductivity. In the table 
are given the results of three series of measurements made as described. 
The first column gives the number of the series from which the data are 
taken; the second the concentrations; the third the specific conductivity 
uncorrccted 1 for the conductivity of the solvent; the fourth, the equiva- 

1 The uucorrected value is u^ed, since the hydrogen ion would tend to 
repress the ionization of the solvent. A curve drawn for the corrected con¬ 
ductivities was exactly of the same character as the one shown The extrapo¬ 
lated value of Xo from this curve is about 69 Two slight differences from 
the data for the formates are to be noted In the first place, the correction for 
the conductivity of the solvent has a greater effect on the constants and on the 
value of Xo than it has in the case of the salts This is due to the much smaller con¬ 
ductivity of the hydrogen chloride solutions. In the second place, the deviation in 
the dilute solutions observed in the case of the formates is not so noticeable here There 
are probably two reasons for this In the first place, the data are not so accurate for 
hydrogen chloride solutions and the plot is drawn to a smaller scale, so that small 
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Use latter is not a straight line* and shows no portion parallel to the axis 
of specific conductivity, probably because the work was not extended into 
sufficiently concentrated solutions. Deviation in the higher concentra¬ 
tions begins between 0.3 and 0.4 molar. The actual point of deviation 
is not definitely settled, because it is quite difficult to be sure that apparent 
deviation is not due to the changes occurring in the solutions, as was men¬ 
tioned above. Judging from the curve, the most probable point is at 
about 0.3 molar. 

Hydrogen Chloride. 

Zanninovich-Tessarin 1 concluded from his measurements of the con¬ 
ductivity of solutions of hydrogen chloride in formic acid that there was 
practically no ionization, and from his measurements of the depression 
of the freezing point of formic add by hydrogen chloride that the latter 
was associated in this solvent. As has already been pointed out by Schles- 
inger and Calvert,* if these condusions are correct, salts such as ammo¬ 
nium chloride should be practically completely decomposed in formic add 
solution into a formate and hydrogen chloride and the conductivity of 
the salt should, therefore, be practically the same as that of the correspond¬ 
ing formate. The work of Schlesinger and Calvert showed that the con¬ 
ductivity of ammonium chloride was entirely different from that of am¬ 
monium formate. For this reason, it seemed necessary to repeat the work 
of Zanninovich-Tessarin. On account of certain difficulties, which would 
have required the construction of a new conductivity cell to obtain re¬ 
sults of the degree of accuracy reached in the measurements on the form¬ 
ates, results accurate to only about one to 2% were sought. This degree of 
accuracy was suffident to deride the question of the hydrolysis of salts, 
as well as to give a fairly definite idea of the behavior of hydrogen chloride 
in the solvent. 

The measurements were made in cell No. 2, the solutions being made 
from one another by the dilution method. The original solution was. 
prepared by passing carefully dried hydrogen chloride gas through formic 
add contained in the conductivity cell. The undissolved gas was displaced 
by a current of dry air. Since the volume of the resulting solution was 
not the same as that of the original formic add, both because of loss of 
add by volatilization and because of the change in volume resulting from 
the dissolution of the gas, the concentrations could not be calculated in 
the ordinary way* Consequently, the portion of solution withdrawn from 
the cell in order to make the dilution was analyzed each time by predpita- 
tion of the chlorine as silver chloride. Two difficulties stood in die way of 
attaining great accuracy in the tj-pe of cell used for our other work. In the 
first place, the more concentrated solutions seem to lose hydrogen chlo- 

1 Z. physik. Chew., 19, 251 (1896). 

1 Loc. cit. 
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ride rapidly and the measurements are, therefore, made under great dis¬ 
advantages. The more dilute solutions have a conductivity which is not 
sufficiently greater than that of the pure solvent to give very trustworthy 
results. Furthermore, the amount of silver chloride precipitated from 
10 cc. of the dilute solutions is too little to allow of an analytical accuracy 
of more than 1%, or less, without the use of the nephelometer. However, 
no attempt was made to refine the analytical method because of the other 
difficulties mentioned. The results obtained, which are given in Table 
XIV, show that the data of Zanninovich-Tessarin are incorrect and that 
Table XIV—Conductivity op HC 1 in Formic Acid ai 25 0 

No of 



c 

X 

X 

a 

K 

0 

0 


80 0 



2 

0 0080 

n 000566 

70 0 

0 88 

[0 0520] 

3 

0 0111 

0 000768 

6g 2 

0 86 

jo 0449 ] 

2 

0 0150 

0 000936 

62 3 

0 78 

0 0415 

l 

0 0152 

O 000931 

61 4 

0 77 

0 0388 

3 

0 0195 

O OOIT5 

58 9 

0 74 

0 0407 

2 

0 0276 

0 00148 

53 7 

0 67 

0 0376 

3 

0 0328 

0 00170 

51 8 

0 65 

0 0392 

2 

0 0518 

0 00234 

45 2 • 

57 

0 0385 

3 

0 0570 

0 00255 

44 7 

0 56 

0 0404 

2 

0 0951 

0 00355 

37 4 

0 47 

0 0392 

3 

0 101 

0 00377 

37 4 

0 47 

0 0415 

1 

0 137 

0 00454 

33 1 

0 41 

0 0398 

2 

0 174 

0 00528 

30 0 

0 38 

0 0405 

I 

0 281 

0 00732 

26 0 

0 32 

l<> 0438] 

2 

0 317 

0 00801 

25 3 

0 32 

[0 466] 


formic acid solutions of hydrogen chloride are good conductors. The 
reason for this divergence between our results and those of the former 
investigator doubtless lies in the fact that the acid used by him as solvent 
was very impure, as judged from its high initial conductivity. In the table 
are given the results of three senes of measurements made as described. 
The first column gives the number of the series from which the data are 
taken, the second the concentrations, the third the specific conductivity 
uncon'cclcd 1 for the conductivity of the solvent, the foilrth, the equiva- 

1 The uncorrected value is used, since the hydrogen ion would lend to 
repress the ionization of the solvent A curve drawn for the corrected con 
ductivities was exactly of the same character as the one show}* The extrapo¬ 
lated value of X 0 from this curve is about 69 Two slight differences from 
the data for the formates are to be noted In the first place, the correction for 
the conductivity of the solvent has a greater effect on the constants and on the 
value of Xo than it has m the case of the salts This is due to the much smaller con¬ 
ductivity of the hydrogen chloride solutions. In the Second place, the deviation in 
the dilute solutions observed in the case of the formates is not so noticeable here There 
are probably two reasons for this In the first place, the data are not so accurate for 
hydrogen chloride solutions and the plot is drawn to a smaller scale, so that small 
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lent conductivity in the usual units, and the fifth the degree of ionization, 
a. This latter value was obtained by plotting 100/X against the specific 
conductivity and extending the straight line portion of the resulting curve to 
to the axis of ordinate as has already been described. This, of course, 
gives an extrapolated value for \«, namely, about 80. The plot obtained 
was practically a straight line between the concentrations 0.174-0.015. 
The points deviate from the line irregularly by the amount to be expected 
from the probable error of measurement—at most by 3%. Both above 
and below these concentrations the curve seems to depart from the straight 
line but it is very probable that this is due to experimental error—due 
in the concentrated solutions to loss of hydrogen chloride by volatilization 
in the course of the transfer of the solution from the cell to the water in 
which it was analyzed, and in the dilute solutions to the insufficient 
amount of silver chloride available for the analysis. The deviation in 
the dilute solutions begins at exceedingly low concentrations and is, in 
this respect, not like the deviation observed in the case of the formates 
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deviations are not* so noticeable. In the second place, the hydrogen ion in these solu¬ 
tions must suppress not only the ionization of the formic add but that of the water 
as well, which is probably present as impurity (See p. 1599.) Hence there is no reason 
to suppose that thv curves should show the type of deviation found in the case of the 
formates since this deviation was shown in part to be due to the conductivity of the 
water which is not Effected by the ions of these salts. Since it is probably repressed 
by the ions of the hydrogen chloride, we believe that here the data uncorrected for the 
conductivity of the $lvent are the ones to use 
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as explained in footnote 1, page 1615. The curve is shown m Fig. 5 1 
The agreement of the curve with a straight line is again evidence that 
this solute, m formic acid solution, obeys the law of mass action The 
constants obtained according to this law are given in the last column 
of the table They were calculated directh from the conductivities 
and not irom the data for a, which, as given in the tabic an rounded 111 
the second decimal place It will be noted that the constants are fairly 
good, except for the high and low concentrations where the errors of 
measurement were large 

It is interesting to note that in formic acid solutions hydrogen chloride 
is very much less dissociated than are the formates, the results for which 
are given in the preceding sections Thus the ionization constant for 
ammonium formate is 1 15 and for hydrogen chloride only 0040 This 
1-* m agreement with Walden's assumption 2 that acidic substances arc 
not as highly loni/ed in acid solvents as are basic substances It is also 
very interesting to note that the conductivity of hydrogen chloride in 
this solvent at infinite dilution seems to be only about 80, which is of the 
same order of magnitude as that of the formates investigated Hydrogen 
ion cannot, therefore, occupy the exceptional position in this solvent 
which it holds in aqueous solutions 3 

Since our results on the conductivities of these solutions differ so widely 
from those of Zannmovich Tessarin, it was natural to question his results 
on the freezing pom! depression As such measurements were consider 
ably outside of the scope of this paper, only a few determinations were 
made They were earned out m an ordinary Beckmann freezing point 
apparatus, modified so as to allow the making of dilutions in it without 
exposing its contents to moisture, as well as to allow of the withdrawal 
of the solution m equilibrium with the solid solvent for analysis at the time 
the temperature reading was made As the Beckmann apparatus is 
liable to many errors the results will be stated only bnefly Between 
the concentrations o 026 and o 30, the molecular lowenng changed pro 
gressivelv from 42 to 29 While no great accuracy is claimed for these 
values, they at least show qualitative agreement with the results of the 
conductivity measurements and show that those pf Zanmnovich-Tessarin 
are incorrect here also Not only the nature of the change of the molecular 
freezmg-pomt depression with change in concentration but the value 

1 In order to make comparison with the other curves possible, a part of this one is 
also shown m Fig 4 It is labeled "HC 1 

2 Trans bar Soc 6, 71 (1910) 

* It is evident, therefore, that the exceptionally large migration velocity of hydrogen 
ion in aqueous solutions cannot be related essentially to the fact that hydrogen ion is a 
product of the ionization of water, since it is also a product of the dissociation of fonpic 
acid See also Kraus, loc at and Hantzsch and Caldwell, Z physik Chan , 58, 378 
(1907) 
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27.7 obtained lor the m o le c ular freezing-point depression constant for 
this solvent by Raoult both indicate ionization and not association. 
Tessarin’s value of about 13 must certainly be in error because of the im¬ 
purity of his formic add, which melted at 7.0 0 whereas the pure add 
melts at about 8.4°. 

Summary. 

(1) The highly ionized solutions of sodium, phenyl ammonium, potas¬ 
sium and ammonium formates in (anhydrous) formic add obey the law 
of mass action up to concentrations of from 0.3 to 0.6 molar, if the degree 
of ionization is calculated from the conductivities 1 to which no correction 
for the viscosity of the solutions is applied. The ionization constants 
of the salts in the order in which they are named have the values: 0.816,, 
0.814, 1.02 and 1.23. The same thing is true of solutions of hydrogen 
chloride, the ionization constant of which is only 0.04. 2 Above the 
concentrations mentioned, the formates show deviation from the mass 
law in the sense that the degree of ionization is less than it should be. This 
is the kind of deviation which is to be expected from the kinetic theory, 
if its cause lies in the reduction of the free space by the volume occupied 
by the solute itself. In this connection it is interesting to note that the 
data for sodium formate, up to the highest concentrations measured, 
show fair agreement with the equation 

c?c 

(1 —a)(i —v m c‘) ~ K 

which is derived on the assumption that the deviation in the concentrated 
solutions is due to the cause suggested above. It is, however, not con¬ 
sidered finally established that this agreement is reliable evidence of the 
correctness of the assumption. 2 There seems also to be a connection be¬ 
tween the value of the highest concentration at which the law of chemical 
equilibrium holds and the value of the ionization constant. Thus am¬ 
monium formate, with a constant 4 of 1.23, begins to deviate above 0.55 
molar; potassium formate, whose constant is 1.02, above 0.45 molar, 
and sodium and phenyl ammonium formates, whose constants are re¬ 
spectively, 0.816 and 0.814, both begin to deviate from the law at about 
0.3 molar. It seems, therefore, that the greater the value of the ioniza¬ 
tion constant, the higher the point at which deviation begins. Of course, 
four cases is not a sufficiently large number to establish definitely a point 

1 For a discussion of the conductivity of the pure solvent and its effect on the con¬ 
ductivity of the solutions see p. 1598. 

* The limiting concentration for hydrogen chloride has not been determined. 

* mt was also assumed in deriving the equation that the volume of the ions is smaller 
than that of the undissociated molecules. For the complete discussion of this and other 
similar equations and of the data 9ee p. 1599. 

4 These are the constants from the data uncorrected for the conductivity of die 
solvent. 
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of thfe sort. This regularity is pointed out, nevertheless, because, in view 
of the probable explanation offered above for the cause of this deviation, 
a regularity of this sort might prove of considerable theoretical interest. 
It is evident that it would lead to *he conclusion that there is a relation¬ 
ship between the degree of ionization and the volume of the unionized 
molecule. 1 

(2) When the conductivities of the solutions are corrected in any of 
the usual ways for the viscosity of the solutions, and the degrees of ioniza¬ 
tion calculated from these corrected conductivities, the agreement with 
the mass law disappears. From the fact that the agreement of the un¬ 
corrected data in the more dilute solutions is so good and uniform in all 
of the cases investigated, and because there are possible explanations for 
the absence of viscosity effect, we conclude that the uncorrected con¬ 
ductivities are the ones to be used in these solutions for the calculation 
of the degree of ionization. This point has already been discussed in de¬ 
tail in the section in which the data for sodium formate are presented 
(p. 1604, et seq.). In this connection Table XV is of interest. It gives in 
Column 1 the name of the substance studied, in Column 2 the conductivity 
of its solution in water at infciite dilution, in Column 3 the observed con¬ 
ductivity at infinite dilution when formic acid is the solvent, and in Column 
4 the conductivities of these same substances at infinite dilution in formic 
acid, calculqted on the assumption that this conductivity is inversely 
proportional to the viscosities of the two solvents. 

Tabui XV 

Xo in H*0 Xo in HCOOH Xo m HCOOH 

Substance, at 25° 5 at 2*>° ' calc 

NH4OCHO . 127.9 70 4 71 I 

KOCHO. 128.4 69.4 71 3 

NaOCHO. 104.9 66 o 58 5 

C«H*NH|OCHO....... ,0 65 4 47 o 

HCl.• /<* ml\- 75 o 336.0 

* t 

1 This is pointed out merely as a possibility which must await further evidence 
for definite proof It is, however, in line with some of the more recent views on the 
nature of the process of dissociation See Perrin, Les A tomes, 19x2, ^28-231; Szyszkow- 
ski, Compt. rend. f i 57, 761. 

* Except fo^fphenyl ammonium formate, these values are calculated from the 
migration vCta&iies found in Landolt-Bdmstein, Roth, Physikalich-Chemische Tabellcn, 
19x2, 1124. The value for phenyl ammonium formate is obtained from Bredig’s value 
for aniline hydrochloride (Z. phys. Chem., 13, 216 (1899)), and is, of course, quite un¬ 
certain. The value for formate ion is also not exactly known, but would affect all 
results equally. The rounded values o 009 and 0.0x62 were used for the viscosities of 
water and formic add, respectively. 

* The Xo values here used are the averages of those obtained by neglecting the con¬ 
ductivity of the solvent and those obtained when the correction is made. As explained 
<m p. 1615, footnote 1, the difference in the two X« values is large only in the case of hy¬ 
drogen chloride. In the other cases it is only about 1 %. 
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It is quite dear that the calculated values do not agree at all with those 
found except in the case of potassium and ammonium formate. This 
fair agreement in two cases makes the disagreement in the others more 
striking. If none of the values showectegreement, the disagreement might 
be explained for the formates by the lack of an accurate value for the 
migration vdocity for formate ion in aqueous solution and in the case of 
hydrogen chloride by the probable inaccuracy of our value for the formic 
add solution (although the inaccuracy could not be nearly large enough 
to account for the enormous discrepancy in this particular case). 1 Or 
the disagreement might be explained by saying that the simple viscosity 
relationship assumed is not correct in any case. But since the relation¬ 
ship gives, in some cases, values which agree and in others values which 
disagree with the experimental ones, it is dearly shown that the differ¬ 
ence in viscosity of the solvents does not affect all ions alike. 2 * It is, 
therefore, not permissible to set up a general equation expressing a re¬ 
lationship between the conductivities at infinite dilution in various solvents 
and the viscosities alone. 8 In formic add, for instance, the mobilities 
of the ions do not seem to differ from each other as much as they do in 
aqueous solutions. 4 * * * 

This work is being continued in this laboratory along the lines indicated 
in the body of the paper. In addition to the points already mentioned 
it may be stated that we are repeating some of the measurements at differ¬ 
ent temperatures from those at which the data herein reported were ob¬ 
tained, and that we. are also studying formates of types higher than the 
uni-univalent ones. 

I Contribution s op the Department of Chemistry of Columbia University, 

No. 239. J 

THE HEAT OF VAPORIZATION Q? NORMAL LIQUIDS. 

By KvkdalC 
Received May 25 . 1914 . 

The theoretical study of the heat of vaporization of liquids- a branch 
of physical chemistry long neglected—has recently attracted a great 
deal of investigation. The subject is of interest from its connection with 
the equation of van der Waals and the problem of molectdar attraction. 
A number of formulas for representing variation of heat of vaporization 
with temperature have lately been put forward; some of these claim a 
theoretical basis, some are admittedly empirical. Dining the past year, 

1 The data for HC 1 are discussed on p. 1616. 

4 This may be due to differences in the solvation of the various ions in the two 

solvents. 

• See Walden, Z. physik. Chan , 55, 207 (1906) for references. 

4 See Kraus, loc cit. 
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in particular, the rate of appearance of new formulas has increased to 
the proportions of an epidemic. 

It has seemed of importance, therefore, to the author, in view of pre¬ 
vious work upon the subject, to make a critical examination of the various 
equations that have been proposed. Their relative theoretical merits 
- - a field already fruitful in polemics—are not touched upon at all in this 
paper. The sole point of investigation is agreement with the experi¬ 
mental data. In the present imperfect state of our knowledge of this 
subject, where even first principles are hotly disputed, it appears reason¬ 
able to apply to all equations the one practical test, free from any possible 
bias—the test of accuracy. 

It is true that we possess no direct determinations of heats of vaporiza¬ 
tion for any normal liquid, throughout an extended temperature range, 
sufficiently trustworthy to be of value for the above purpose. HoweVer, 
the thermodynamical equation of Clausius and Clapeyron (see Equation 
1 below) affords a method of obtaining the heat of vaporization indirectly 
by the measurement of other quantities. These quantities are all accu¬ 
rately determined for a large number of liquids and through a wide range 
of temperature in the extensive researches of Young and his collaborators. 

The results of Young have recently been revised and published in col¬ 
lected form. 1 The necessary data are now available for thirty pure 
liquids, of which twenty-six are normal or non-assodated. 

It is impossible, from space considerations, to examine all of those in 
the present paper; consequently, a few typical cases have been selected. 
The agreement of the various formulas with the experimental results 
for octane, methyl, butyrate, c^fbon tetrachloride and fluorobenzene is 
tested in the tables given below 

The above liquids were chosen, without previous knowledge as to the 
nature of the results they would supply, for the following reasons. It 
is important, in testing any function which varies with temperature, to 
be able to consider as large a temperature range as possible. Hence 
octane was selected from the ten hydrocarbons investigated by Young, 
since it possesses the highest critical temperature. (The, lowest tempera¬ 
ture for which data are available is o° in all cases.) Methyl butyrate 
was chosen as the typical example of the ten esters studied, for the same 
reason. The remaining liquids—carbon tetrachloride and fluorobenzene— 
are among those regarded by investigators as ‘ ‘ characteristically'’ normal 
liquids; 2 both have, also, high critical temperatures. That the data 
selected are really represen tat i v^knay be confirmed by a study of the col¬ 
lected tables.* 

1 Young, Proc. Roy. Soc . Dublin , u, 374 (1910). 

* Applebey and Chapman, J. Cbm. Soc., 105, 742 (1914). 

1 Mills, This Journal, 31,1099 (1909) 
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The equations examined are developed briefly below: The following 
notation is employed. 

r~~abiolutc temperature R —constant of gas equation, PV «= RT, 

t —temperature centigrade equal, under the units employed, to 62340 /M 

V —volume of one gram of saturated T c —critical temperature 

vapor. v —volume of one gram of liquid 

d—density of liquid d c —critical density 

D —density of saturated vapor P —vapor pressure in mm. of mercury 

Pc —critical pressure L —total heat of vaporization 1 of one gram 

M —molecular weight of liquid, expressed in calories 

With this notation, the thermodynamical equation is expressed as 
follows: 

L = 0.0431833 (dP/dT)T. (V - v) (1) 

(The numerical factor is the reciprocal of the value of the mechanical 
equivalent of heat under the units stated.) The heat of vaporization 
at any temperature is thus obtained in terms of 1 \ F, v and cLP/dT, and 
the degree of accuracy of the calculated value will depend upon the limits 
of experimental error in the determination of these quantities, and upon 
the relative effect of such errors in the calculation of the equation. These 
points have been carefully examined by Mills . 2 The conclusion drawn 
is that, except at zero centigrade and in the neighborhood of the critical 
temperature, the calculated values for the heat of vaporization are sub¬ 
stantially true. At o° C. the values derived are usually too high; near 
T c the difficulty in the exact determination of dP/dT renders the results 
somewhat uncertain. The above equation may, therefore, be safely 
employed as a basis for comparison ttppughout the greater part of the 
experimental range, small divergences at o° C. and near T c being dis¬ 
regarded. 

A simple formula developed by Mills : s 

L * 0.0431833 P (F — v) + M'(*Vd — *VI>) (2) 

(m* is a constant varying with the liquid under consideration) has been 
thoroughly tested by him, and found to be in excellent agreement through¬ 
out with the thermodynamical equation for all normal liquids. For its 
theoretical significance reference must be made to the original papers. 

A third formula, proposed by Dieterici : 4 

L « 0.0431833 P (V — v) — 4.577 c ( T/M) log (d/D) (3) 

(c is a constant Varying with the liquid) has also been examined by Mills.* 
It is found to be consistently inaccurate at low temperatures, although 

1 Internal 4 * external, at constant tempertifcvire T 

* Mills, Loc. cit. . 

* Mills, Phys. Chem , 6, 209 (1902); 8, 383 and 593 (1904); 9, 402 (1905); 10, 
1 (1906); ii, 132 and 594 (1907); I 3 » 3*2 (w); I5» 4*7 <1911); 18, 101 (1914). 

4 Dieterici, Ann. Pkysik, 25* 569 (1908). 
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the agreement at higher temperatures is remarkably good A similar 
equation was previously suggested by Crompton 1 

Kleeman 2 has deduced mathematically, from assumptions regarding 
molecular attraction, the equation 

L « o 0431833 P (V — v) — K (< d 2 - D 2 ) (4) 

{K. is a constant varying with the liquid ) The same equation has also 
been put forward by Batschinski 8 

The present author 4 has shown that the following simple relation holds 
l « k(l c 7 )" (5) 

(k is a constant varying with the liquid, n is for all normal liquids equal 
to o 386 ) Later investigation showed that the abo\t is an interpolation 
formula, and is dependent upon the two equations 
»V</— = k x (T c 7 ) v * 

Ud c = ki(r c - if' 

which were demonstrated to hold satisfactorily for normal liquids B> 
combining tliese equations with that of Mills (Equation 2 abou) \u 
obtain 

K«oa«ii&P{V v)+k l rV'—t)' /, + WVc D' 1 ' (50) 
This is the more correct expanded form of Equation 5 above The first 
part of the equation represents the external heat of vaporization, winch 
is variable in magnitude, but at most temperatures is comparatively small, 
the exponent n = 0386 in Equation 5 is, consequently, intermediate 
between the two simple values (one third and one-half) in Equation 5a 
For associated liquids the equation still holds if the v alue of n is modified 6 
Tyrer 6 has recently proposed a somewhat similar formula 

/ = o 0,31833 p (v V) + C(r c 1 ) ,/ v (<'''• + i)' h ) (6) 

( is a constant varying with the liquid under examination 
Applebey and Chapman 7 have deduced the relation 
I = R 7 logAV — b)/(v- b) + Rl 2 [i/(v -b) +i/(V- b)\db/dl (7) 

1 Crompton, Proc Chem Soc , 17, 6t (1901) * 

* Kleeman, Phtl Mag , [6] 20, 665 (1910) A somewhat different formula was ad¬ 
vanced in a previous paper, Phtl Mag , [6] 19, 795 (1910) 

8 Batschinski, Ann Phystk, 14, 288 (1904) 

4 Kendall, Meddel frdn K Vet Akads Nobehnstttut, Band 2, No 29 (1912), The 
Properties of Liquids as Functions of the Critical Constants ” Since this paper is not 
generally available, the significance of the equation Is briefly indicated above 

* Kendall, Meddel frdn K Vet Akads Nobehnstttut, Band 2, No 36 (1913). “The 
Heat of Vaporization of Associated Liquids ” 

* Tyrer J Phys Chem , 17, 717 (1913) 

7 Applebey and Chapman, J Chem Soc 105, 734 (1914) The equation in the 
original paper, is referred to molecular volumes These are here changed to V and v 
(volume of 1 g ) The constant b in 7 is consequently the usual van der WaalV con 
stant divided by M (mol wt ) The same holds for equation 10 
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in which b (the constant of van der Waals’ equation) is assumed to vary 
linearly with the temperature. Methods for the determination of b c 
(the value of b at the critical temperature) and db/dT are developed; 
when these quantities are known, L can be evaluated. 

Rodzewitz 1 has recently put forward the equation: 

L - 0.0431833 KT*[ (P c - P)/P). (dP/dT) (8) 

(K is a constant varying with the liquid.) 

The validity of this equation depends on that of the relation: 

(V - v) - KT(P C — P)/P 

On examination, however, it is found that, while the above relation is 
approximately true at low temperatures (as the figures given by Rodze¬ 
witz show), yet it fails entirely at temperatures approaching the critical 
point. This will be evident from the following tabulation where the 
results for octane and carbon tetrachloride are shown * 


t. 

BO 

100 120 

140 

160 

180 

200 

220 

240 

260 

280 

100 K{CCU) 

1.16 

1 15 I 15 

1. 16 

1.19 

1.21 

1.26 

I 35 

1.54 

I 99 

6.44 

too A(octane) 


2.79 

2 8l 

2 83 

2.85 

2.90 

304 

3-28 

3-83 

5.5^ 


The equation can, therefore, be employed only at low temperatures. 
The same is true of the general equation of Arrhenius 2 

L - A 0 — CT 2 (9) 

where A 0 and C are constants dependent on the liquid. Similarly, the 
formula of Bakker: 3 

L « RT log e (V - &)/(« — b) (10) 

although directly deduced from the equation of van der Waals, is not in 
agreement with the results of experiment. Finally, there may be mentioned 
the equation of Mcl/ewis 4 

L - ( T/a)M ) (11) 

(a « coefficient of expansion, /3 = compressibility) which gives approxi¬ 
mate agreement with the experimental values for the few cases where 
data for normal liquids are available. 

Jt will be seen that most of the above equations contain a constant de¬ 
pendent upon the liquid under consideration. It is usually possible to 
remove this, and so generalize the equation, by combination with the 
rule of Trouton or some similar law. Thus equation 5 becomes: 

. ML = 20.7 U 1 - T/T c )* ( 5 b) 

a relation perfectly general for all normal liquids. Since, however, the 
rule of Trouton is only approximately correct, such equations will not 

1 Rodzewitz, /. Russ . Phys. Chem . Soc., Phys. 45, 355 (1914). 

* Arrhenius, Meddtlfr&n K, Vet - Akads . Nobdinstiiut, Band 2, No. 8 (1911). 

1 Bakker, Z. Physik. Chem ., 18, 519 (1895). 

4 McLewis, Phil. Mag., [6] aa, 268 (1911). 
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usually reproduce the experimental values sufficiently closely to be of’ 
practical utility. 

In the following tables only those equations (12 to 7, inclusive) are com¬ 
pared with the thermodynamical Equation 1 which are applicable through¬ 
out the whole of the available experimental range The constants em¬ 
ployed are shown in Table I, values not tabulated previously, and calcu¬ 
lated by the present author, are mdicated by a .star. The collected re¬ 
sults are given in Tables II-V; divergences from the experimental values 


Tabu: I - Constants of Equations 







Methyl 

Carbon 






Octane butyrate tetrachloride 

Fluorobenzene 

To 




569 ; 

2 554 

25 

556 15 

559 55 

m' 

(Mills) 



93 

16 91 

31 

44 Ol 

85 65 

c 

(Dietenci) 



I 1 

B58 I 

824 

1 667 

1 711 

K 

(Kleeman) 



176 : 

2 I 13 

3 * 

19 74 

8* 44 

k 

(Kendall) 



9 ‘ 

72 10 

47 

5 92 

10 04 

C 

(Tyrer) 



134 - 

4 ° 140 

1 8* 

133 0* 

« 

0 

% 

b c 

(Applebey) 



190 63 131 

74 

107 54 

105 85 

db/dt (Applebev) 



0 

II732 O 

08459 

0 06674 

0 0647: 


Tabus II — Octane 

Heats of Vaporization 


t 

Ther 

Mills 

Dietenci 

Kleeman 

Kendall 

Tyrer 

Applebey 

0 

89 46 

85 69 

97 63 

95 69 

87 49 

89 8? 


120 

71 43 

71 

83 

73 05 

73 37 

71 5 <> 

72 38 

73 82 

140 

68 28 

68 

61 

69 36 

69 36 

68 28 

68 83 


160 

64 75 

65 06 

65 52 

65 31 

64 79 

64 96 


180 

60 91 

61 

14 

61 40 

60 90 

60 93 

60 85 

59 57 

200 

56 61 

56 72 

56 89 

56 15 

56 64 

5 ^ 38 


220 

52 03 

5 i 

80 

51 83 

50 98 

51 81 

5 ? 39 


240 

45 97 

45 

72 

45 63 

44 76 

46 02 

45 57 

42 92 

260 

39 14 

38 63 

38 46 

35 75 

38 85 

38 61 


280 

28 26 

28 

17 

27 85 

27 55 

28 50 

28 69 

25 96 

290 

19 10 

19 

50 

19 12 

19 20 

19 35 

20 34 

17 87 



Tabue Ho— Octane Divergences 


t 

Mills 

Dieteriu 

Kleeman 

Kendall 

Tyrer 

Applebey 

0 

3 

77 


+8 17 

+6 23 

1 97 

fo 37 


120 

+0 40 


+ 1 62 

+ 1 94 

-ho 13 

4-0 95 

4-2 39 

140 

4-0 33 


+ 1 08 

-f 1 08 

0 OO 

4-0 55 


160 

+0 31 


+0 77 

+0 56 

4 0 04 

fo 21 


180 

+0 23 


+0 49 

—0 01 

4o 02 

—0 06 

-I 34 

200 

+0 

11 


+0 28 

—0 46 

4* 0 03 

—0 23 


220 

—0 

23 


—0 20 

—1 05 

—0 22 

—0 64 


240 

—0 

25 


—0 34 

—I 21 

— 0 05 

—0 40 

—3 05 

260 

—0 

5 i 


—0 68 

—I 39 

—0 29 

—0 53 


280 

— 0 

09 

— O 41 

—O 71 

4-o 24 

+0 43 

—2 30 

290 

+0 40 


+0 02 

-f-o 08 

+0 25 

H-i 24 

— I 23 

Av (120-280°) 0 

27 


0 65 

0 93 

0 11 

0 44 

2 13 



Z626 


"Afbts ttMJAtt. 

4 

are shown in Irbies Ilo-Va. In the calculation of the M average diver¬ 
gence/* the figures for o° and for temperatures within io° of the critical 
are disregarded . 1 



Table III —Methyl Butyrate Heats of Vaporization 

t 

Ther 

Mills Dieterici 

Kleeman 

Kendall 

Tyrer 

Appiebey 

0 

95 79 

90 91 

tox 88 

101 17 

92 35 

95 08 


100 

77 80 

7813 

79 J8 

80 41 

77 95 

79 02 


120 

74 31 

74 72 

75 58 

76 10 

74 48 

75 17 

80 79 

140 

70 84 

71 04 

71 6l 

71 62 

70 77 

71 13 


160 

66 53 

66 87 

67 08 

66 87 

66 69 

66 77 

65 88 

180 

62 00 

62 26 

62 45 

61 79 

62 26 

62 01 


200 

57 

57 19 

57 3i 

56 43 

57 18 

56 86 

55 20 

220 

51 31 

5i 07 

51 08 

50 23 

51 28 

50 83 


240 

44 M 

43 69 

43 61 

42 70 

44 00 

43 74 


260 

34 44 

34 06 

33 85 

33 26 

34 10 

34 25 

32 00 

280 

11 16 

T I 98 

11 64 

12 42 

11 59 

12 62 

11 77 


Table IIIa—Methyl Butyrate Divergences 


t 

Mills Dieterici 

Kleeinaii 

Kendall 

Tyrti 

Appiebey 

O 

“4 

88 +6 

09 

+5 38 

—3 44 

—O 71 


IOO 

+0 

33 +1 

78 

+ 2 63 

4-o 15 

4-1 22 

+2 99 

120 

+0 

41 +1 

27 

4-1 89 

4-o 17 

4-o 86 


140 

+0 

20 +0 

77 

*fo 78 

—0 07 

4-0 29 


160 

+0 

34 +0 

55 

4-0 34 

+0 16 

4-0 24 

—O 65 

180 

+0 

26 4 0 

45 

—0 21 

+0 26 

4-o 01 


200 

—0 

22 —0 

10 

-0 98 

—0 23 

—0 55 

— 2 21 

220 

—0 

24 —0 

23 

—1 08 

—0 03 

—0 52 


240 

—0 

45 —0 

53 

—1 44 

—0 14 

—0 40 


260 

-0 

38 — 0 

59 

—1 18 

—0 34 

—0 19 

—2 44 

280 

+0 

82 4-0 

48 

4-x 26 

4-o 43 

4-i 46 

4-0 6l 

v (100-260°) 0 31 0 

70 

1 19 

0 17 

0 48 

2 OO 


Table IV - 

—Carbon Tetrachloride 

Heats of Vaporization 

t 

Ther 

Mills Dieterici 

Kleeman 

Kendall 

Tyrer 

Appiebey 

O 

51 87 

52 40 

54 13 

56 14 

52 36 

53 62 


80 

46 00 

46’44 

46 11 

47 41 

46 03 

46 60 


IOO 

44 15 

44 58 

44 20 

45 16 

44 23 

44 58 

44 33 

120 

42 08 

42 54 

42 18 

42 75 

42 30 

42 44 


140 

39 92 

40 36 

40 11 

40 35 

40 22 

40 21 


160 

37 95 

38 08 

37 99 

37 92 

37 95 

37 86 

38 38 

180 

35 40 

35 46 

35 47 

35 22 

35 43 

38**5 


200 

32 61 

32 52 

32 67 

32 18 

32 62 

32 39 


220 

*9 45 * 

29 14 

29 35 

28 77 

29 33 

29 13 

29 72 

24O 

*5 36 

25 10 

25 35 

24 76 

25 33 

25 24 


260 

20 07 

19 70 

19 89 

19 49 

19 90 

20 05 


280 

IO 43 

10 45 

10 48 

10 48 

9 22 

10 29 

10 71 


1 Appiebey and Chapman have calculated all results (except for fluorobenzene) at 
intervals of 30° In the tables their figures for intermediate temperatures are omitted 
to economize space, but for the final calculation of "average divergences" all results 
within the temperature range indicated above have been taken into account 



the heat of vaporization of normal liquids. 


1627 


Table XVa — Carbon Tetrachloride Divergences 


t 

Mills 

Dietetic* 

Kleeman 

Kendall 

Tyrer 

Applebey 

0 

+0 53 

+2 26 

4-4 27 

4 o 49 

+ 1 75 


80 

+0 44 

+0 11 

4 1 41 

+0 03 

4-o 60 


IOO 

+0 43 

+0 05 

4-i 01 

+0 08 

+0 43 

4-o 18 

120 

4-o 46 

-fo 10 

4-0 67 

+0 22 

•Fo 36 


140 

+0 44 

4 -o 19 

+0 43 

Fo 30 

+0 29 


160 

+0 13 

4-o 04 

—0 03 

0 00 

—0 09 

+0 43 

180 

+0 06 

+0 07 

-0 78 

4 o 03 

*—0 15 


200 

—0 09 

4-0 06 

0 43 

4o 07 

—0 22 


220 

—0 31 

—0 10 

—O 68 

■0 12 

—0 32 

4-0 27 

240 

—0 46 

—0 21 

-0 80 

-O 23 

—0 32 


260 

—0 37 

—0 18 

—0 58 

—O 17 

—0 02 


280 

+0 02 

4 -o 05 

4 o 05 

-1 21 

—0 14 

+0 28 

Av (80-260°) 

0 32 

0 11 

0 62 

O 12 

0 28 

0 28 


Table V—Fluor oblnzlnl Heats of Vaporization 


t 

Ther 

Mills 

Dieterici 

Kleeman 

Kendall 

Tyrer 

Applebey 

0 

87 78 

88 39 

93 51 

94 

80 

89 

14 

91 44 


80 

80 07 

79 11 

79 53 

80 

56 

78 

60 

79 99 

79 76 

100 

77 10 

76 11 

76 19 

76 

79 

75 

59 

76 48 

77 21 

120 

73 03 

72 69 

72 55 

72 

80 

72 

34 

72 80 

73 1 

140 

68 75 

69 00 

68 79 

68 

71 

68 

84 

68 91 

69 27 

160 

64 37 

64 99 

64 79 

64 

45 

64 

97 

64 81 

65 39 

180 

60 17 

60 65 

60 55 

59 

9 i 

60 

87 

60 41 

61 08 

200 

55 35 

55 79 

55 78 

54 

9 i 

56 

16 

55 63 

55 8 

220 

50 37 

50 36 

50 5 1 

49 

4 i 

50 

73 

50 27 

50 34 

240 

44 °7 

43 80 

43 97 

43 

00 

44 

22 

43 87 

43 77 

260 

35 65 

35 32 

33 43 

34 

70 

35 

60 

35 64 

35 21 

280 

20 82 

21 16 

21 07 

20 

17 

20 

74 

21 60 

19 95 



Table Vo 

— Divergences 



t 

Mills 

Dieter ici 

Kleeman 

Kendall 


Tyrer 

Applebey 

0 

4-o 61 

+5 73 

47 

02 

+ 1 

36 


+3 66 

. 

80 

— O 96 

—0 54 

-Fo 

49 

-1 

47 


—O 08 

—0 31 

100 

—O 99 

—O 91 

— 0 

3 i 

—I 

5 ' 


—O 62 

4-0 n 

120 

-0 34 

- -O 48 

— 0 

23 

—O 

69 


—0 23 

4 0 21 

140 

-Fo 25 

4-0 04 

-—0 

04 

+0 

09 


-Fo 16 

Fo 52 

160 

4-0 62 

+0 42 

4-0 

08 

+0 

60 


-Fo 44 

4 1 02 

180 

+0 48 

4 -o 38 

— 0 

26 

4 o 

70 


+0 24 

-Fo 91 

200 

4 -o 44 

4 -o 43 

—0 

44 

-Fo 

81 


+0 28 

4 -o 49 

220 

— 0 01 

-Fo 14 

— 0 

96 

+0 

36 


—0 10 

—0 03 

240 

—0 27 

—0 10 

— 1 

07 

-Fo 

15 


—0 20 

—0 30 

260 

0 33 

—0 22 

—0 

95 

—0 

05 


—0 01 

—0 44 

280 

-fo 34 

-Fo 25 

— 0 

65 

—0 

08 


-Fo 78 

—0 87 

Av (80-260°) 0 47 

0 37 

0 

48 

0 

64 


0 24 

0 43 


In the discussion of the above figures, Tables II IV will be considered 
first, since the results obtained are essentially the same throughout. 
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Table V (fluorobenzene) gives results of a different nature, requiring fur 
ther investigation, it is, therefore, dealt with subsequently. 

From the results obtained with octane, methyl butyrate and carbon 
tetrachloride, it is evident that the equations of Kendall and of Mills 
afford values most consistent with the experimental figures The di¬ 
vergences are always small, except at o° and near the critical point, where 
the experimental values are liable to error Even at these temperatures 
the divergences are usually smaller than those obtained with the remain¬ 
ing formulas The equations of Kleeman and of Dietenei (and, to a 
smaller degree, that of Tyrer) are not so accurate, and lead to values at 
the lowest temperatures which are consistently too high The equation 
of Applebey and Chapman gives values differing fairly considerably from 
the experimental It must be mentioned, however, that the effect of 
small experimental errors upon the calculated values is much greater 
here than m any of the other equations 

The final table for fluorobenzene shows exactly the opposite results 
The equations of Kendall and of Mills here give the poorest agreement 
with the experimental data (Kleeman’s values may be appreciably 
improved by a slight modification in the value of the constant employed 
by him) Also, for practically all of the formulas, the calculated values 
at the lowest temperatures (80-120°) are uniformly too low 

This difference m behavior may be satisfactorily explained by a considera 
tion of the experimental data It is found on examination that the values 
for fluorobenzene at low temperatures are affected by errors of observation 
The mtthod employed for illustrating this is as follows The function 
dl /dT is plotted against temperature Now, m all normal curves, the 
heat of vaporization, after a rapid increase with decreasing temperature 
near the critical point, increases more and more slowly as temperature is 
further lowered When the rate of this increase ( dL/dl ) is plotted against 
l , therefore, we obtain a smooth curve, with rapid change of slope near 
the critical temperature, but approximating more nearly to a straight 
lme at lower temperatures The values for dL/dT will decrease contin¬ 
uously, but more and more slowly, as temperature falls 

The results for the lower temperatures are shown m the accompanying 
diagram The values for dL/dl are found, at intervals of 20°, by inter 
polation Irom the preceding tables, e g , for octane at 130°, dL/dl *= 
1/20 (Lm — £140) It is evident that, while the results for octane and 
carbon tetrachloride lie fairl) closely upon smooth curves of the required 
type, the values obtained in the case of fluorobenzene show considerable 
fluctuations 1 The, experimental data m this case are clearly inconsistent, 

1 The values for methyl butyrate are not plotted to avoid confusion in the diagram 
The curve is almost identical with that for fluorobenzene The agreement in this case 
is hot quite so good as with octane or carbon tetrachloride 
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and a repetition of the observations would probably lead to results in 
agreement with those obtained from other liquids, i. e., exhibiting dose 
concordance with Equations 2 and 5. 



Temperatmc 

It is in this direction- the correction of the experimental data—that 
the equation of Mills has already repeatedly proved itself to be of service. 
, Large divergences were existent between the original experimental values 
of Young and the calculated values of Mills for several liquids. It was 
invariably found, when the observations were repeated, that the expert- 
menial values were in error. 1 

The utility of the various equations proposed will probably be restricted, 
for the present, to this practical application. It is hard to conceive how 
much progress can be made on the theoretical side until the fundamental 
points at issue are settled. For the most obvious conclusion to be drawn 
from the present investigation is that the heat of vaporization is a quantity 
which is peculiarly adaptable to representation by empirical formulas. 
It is impossible that all of the equations considered can be of theoretical 
significance. Were this the case, an army of physicists might devote 
their lives to tabulating the different relations, between the quantities 
concerned, obtainable by the combination and recombination of these 
equations. 2 It will be evident, however, that the fact that a formula, 
1 Mills, Phil . Mag. t (6] ax, 84 (1911); 24, 483 (19*2). 

* From three equations alone, Mills obtained thirty-six new relations (This Jour¬ 
nal 31, 1099 (1909)). The number possible soon increases to billions as more equations 
are introduced. (Compare Bridgman, Phys. Rev., 3, 373 (1914) ) 
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in this field, fits the experimental results is no confirmation, taken alone, 
of the truth of the principles involved. 

Further approximate or empirical relations will consequently be super¬ 
fluous, so long as the fundamental theoretical' principles of the subject 
remain indefinitely outlined. The rigorous mathematical development 
of the laws of molecular attraction—a field in which Mills has already 
performed valuable pioneer work—is the necessary prerequisite to any 
real progress. 

Summary. 

The accuracy of the various equations proposed for representing heats 
of vaporization has been tested by comparison with the experimental data 
of Young. In three out of the four cases examined, the equations of the 
author and of Mills afford most satisfactory agreement. In the remaining 
case the experimental figures are shown to be inaccurate. 

It has been pointed out that the heat of vaporization is a quantity so 
adapted to representation by different formulas that no conclusions can 
be drawn as to their relative theoretical merits. At present, the equations 
are useful only as checks upon the experimental data. 

Nichols Laboratories or Inorganic Chemistry, 

Columbia University, New York City. 

THE POTENTIAL OF SILVER IN NONAQUEOUS SOLUTIONS 
OF SILVER NITRATE . 1 

By Vernettk L Gibbons and F H Oetman. 

Received June 1 , 1914 

I. Introduction: (a) Aim of the Investigation; ( b ) Preparation of Materials. 
2. Measurements of Electrical Conductance. 3. Determination of Transport 
Numbers 4. Determination of the Electromotive Force of Various Concentra¬ 
tion Cells. 5 Discussion of Results. 6. Summary. 7 Chronological Bibli¬ 
ography. 

i. Introduction. 

The study of the potentials of metals in nonaqueous solutions of their 
salts was begun by Campetti 2 about twenty years ago. Since, however, 
the drop electrode was employed in these experiments the results cannot 
be considered trustworthy. 

A few months later, Jones 3 published results of measurements of the 
combinations , 

Ag | AgNOa in solvent I | AgNOs in solvent II | Ag. 

The solvents used were water, ethyl alcohol, methyl alcohol and acetone. 

1 A Dissertation presented to the Faculty of Bryn Mawr College by Vernette L. 
Gibbons in part fulfilment of the requirements for the degree of Doctor of Philosophy. 

* Aiti accad. Torino , 28, 61 and 228 (1893). 

1 Z. physik. Chm ., 14,346 (1894). 
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The concentrations of both solutions were identical for each individual 
experiment. Electromotive forces of considerable numerical value were 
obtained, but they varied with the combination employed. He concluded 
that the solution tension of silver depends upon the nature of the solvent 
in which the salt is dissolved. 

Kahlenberg 1 carried out a long series of investigations of the behavior 
of ten different metals, in solutions of their salts in about thirty different 
solvents. He measured the potential of silver in o, i N solutions of silver 
nitrate in twenty-four different solvents. The silver nitrate solution 
formed one part of the cell, and in each case the other part was either 
a normal or o.i N calomel electrode. The metals dipped into solutions 
contained in test tubes or open beakers and the connection between the 
two vessels was made by means of a strip of filter paper folded to several 
thicknesses. Thus the solutions were liable to change in concentration 
because of evaporation or of absorption of moisture from the atmosphere. 
The difference of potential at the junction of the two liquids was neglected 
and no definite temperature was maintained. The change in electro¬ 
motive force caused by the interaction of the iuns of the two electrolytes 
at tlie junction was entirely overlooked. 

The following year Kahlenberg 2 measured the electromotive force 
of concentration cells of silver nitrate in pyridine and acetonitrile. 
He compared the results with the values calculated by means of the Nernst 
equation 


E = 


(i) 


RT 1 m 1A1 
nF log< wW 

assuming that the potential at the junction between the two solutions 
was negligible. Although a fair agreement between experimental and 
calculated values had been obtained when aqueous solutions were used, 
here an utter lack of agreement was found, and he was forced to the con¬ 
clusion that the formula was not applicable to cells involving nonaqueous 
solutions. 

In a later article, Kahlenberg 3 gave the results of measurements of the 
electromotive force of the system 


Ag | o.i N AgNO* in water | o.i N AgN()» in pyridine and water | Ag. 
He found that, by increasing the amount of water in the mixed solvent, 
the electromotive force of the cell diminished, and he concluded that the 
potential difference between silver and silver nitrate depended upon the 


composition of the solvent. 

Carrara and D*Agostini, 4 from their investigation of concentration cells 


1 J. Phys. Chcm., 3, 379 (1899). 

2 J. Ibid., 4, 709 (1900). 

* Z. Elektrochem , ix, 383 (1903). 

4 Atti R. 1 st. Veneto, 6a, 793 (190a). 
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in methyl alcohol, concluded that in this solvent the Nerast formula was 
applicabk. 

In 1905, Carrara 1 turned his attention to the influence of the solvent 
upon the solution pressure of the metals. He found that in methyl al¬ 
cohol this pressure was less than in water and was, therefore, not inde¬ 
pendent of the nature of the solvent. 

Sackur 2 criticized the work of Kahlcnberg and also that of Carrara and 
D’Agostini. He maintained that neither had disproved the applicability 
of Nernst’s law; that, in fact, in the case of the work of Carrara and D'Agos¬ 
tini the results with three out of the four metals investigated could be 
interpreted as in full accord with that law. 

In the same year, Bjerrum 3 attempted to eliminate the diffusion po¬ 
tential at the junction of the two liquids by using a concentrated solu¬ 
tion of potassium chloride as a “middle liquid" and obtained values more 
nearly constant for each experiment and with less variation in a series 
of experiments than when this “middle liquid" was not used. 

The measurement of the electromotive force of concentration cells of 
silver nitrate in methyl- and ethylamine was undertaken by Bodlander 
and Eberlein 4 as a means of studying the complexes formed in these sol¬ 
vents. They considered that these ions are represented by the formulas, 
Ag(CH 8 NHj) 2 and Ag(C 2 H5NH 2 )2, thus showing the similarity of these 
solvents to ammonia. 

The potential difference of concentration cells with liquid ammonia 
as a solvent was measured by Cady in 1905. 6 His conclusion was that 
the Nernst formula could be used to calculate the electromotive force 
when this solvent was used in the cells. 

A large amount of experimental work was carried out by Neustadt and 
Abegg 8 for the purpose of determining the relation of the tension series 
of the metals to the solvent. Ag | AgNO* was always made one-half of 
the cell. In only a few cases is mention made of the use of a “middle 
liquid;" although, in several cases, the solution in the second half of the 
cell was a chloride. They concluded that the tension series was quite 
independent of the solvent. The liquid potentials in a given system were 
considered at some length but without reaching any definite conclusion. 

The behavior of cadmium in alcoholic solutions of its salts was investi¬ 
gated by Getman. 7 He measured the electromotive force of the metal 
in different concentrations of its salts, the other half of the cell being in 

1 Gau. chim. itol., 35, I, 132 (1905). 

* Z. Blektrochem., ix, 385 (1905). 

9 Z\ physik. Chem 53, 428 (1905). 

4 Ber., 36, 3945 (1903). 

* J. Pkys. Chem., 9, 476 (1905). 

* Z. physik . Chem,, 69, 486 (1909) 

1 Am. Chem. 46, 117 (1911). 
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each case a normal calomel electrode. The changes in potential with con¬ 
centration in the alcoholic solutions were found to be opposite to the change 
in aqueous solutions, i. e., the potential of cadmium became more strongly 
negative with increasing concentration of the solutions of its salts. The 
electromotive force developed at the junction of the two solutions was 
assumed to be negligible. The possibility of the application of Nernst's 
equation to such nonaqueous solutions was considered doubtful. 

In 1912 the potentials of zinc in alcoholic solutions of zinc chloride were 
measured by Getman and Gibbons, 1 one-half of the cell being in each case 
the normal calomel electrode. It was found that the potentials of zinc 
in solutions in ethyl alcohol became more strongly negative with increas¬ 
ing concentration of the solutions. This was the same effect observed 
by Getman in his study of solutions of cadmium salts. Solutions in methyl 
alcohol showed fluctuations of potential of more than ten millivolts, an 
effect which is to be studied further. vShortly after this, Dr. Laurie of 
Edinburgh, in a personal letter to one of us, called attention to the 
fact that the potential difference developed at the junction of the two liquids 
might sometimes have considerable influence. 2 

Roshdestwensky and Lewis 3 have studied concentration cells of silver 
nitrate in acetone. They not only measured the electromotive forces 
of various combinations of freshly prepared solutions, but they made 
similar measurements both with solutions which had stood for six weeks 
in the dark and with solutions which had stood one day exposed to the 
sunlight. The agreement of the results in all cases is within the limits 
of experimental error. The type of cell used was not described, but the 
two solutions were in direct contact, thus possibly developing a potential 
difference at the junction. In the following way, however, this potential 
difference was shown to be very slight. A solution of 0.01 N silver ni¬ 
trate was interposed as a “middle liquid” and the measurements repeated. 
The results agree with those for a similar cell without this “middle liquid/* 
Therefore, assuming Nernst’s law to be valid for these systems, Rosh¬ 
destwensky and Lewis calculated the transport numbers for the ions and 
found that in solutions ranging in concentration between the limits of 
0.02 0.007 N the value for the anion lay between 0.60 and 0.58, and for 
mofe dilute solutions (0.007 c.0005 N) the value was 0.56. As a result 
of further attemptjjf to eliminate the potential differences at the junction 
of the two liquids, they concluded that the validity of “middle” liquid 
methods for acetone solutions was doubtful since, in all cases, where an 
effect was observed there was an increase instead of a decrease of electro¬ 
motive force. 

1 Am. Chem . /., 48, 124 (1912). 

* Proc. Roy. Soc. Edinb., 31, 375 (1911). 

* J. Chem . Soc., xoi, 2094 (1912). 



vmpnprm t, a**d j*. n. o$tMANi , 

Measurements of the ele&romotive force of silver nitrate concentra¬ 
tion cells with water and ethyl alcohol as solvents were carried out by 
Bell and Feild. 1 They used a closed apparatus of a U form, having an 
outlet tube in the middle, closed with a three-way stopcock, so that the 
two arms could be connected with each other or the solution drawn from 
either one without disturbing that in the other. In this way, the solutions 
could be brought to the same level in both sides of the tube without 
intermingling and could be kept separated except during the time of 
actual measurement. Apparently, the effect of gravity in causing inter¬ 
diffusion was overlooked. Writing Nernst’s law in the form 

E 2 V RT t v ( , 

—- — = -- loge IO = A, ( 2 ) 

logio^i/t/2 u v NF 

they obtained from the data for concentration cells in water, values for 
K that vary from 0.0560 to 0.0623. Taking the latter as the value of 
K they calculated the value of v in the above formula and found it to be 
0*523 instead of 0.528 as given by Lehfeldt. 2 Since the values of v are 
probably smaller in more concentrated solutions, K will, of course, for 
such solutions, be proportionately smaller. In the same way, K was 
calculated from the measurements of the electromotive forces of concen¬ 
tration cells in ethyl alcohol and, since K varied, they assumed that the 
migration ratios were not constant. The value of v calculated from the 
highest value of K obtained was 0.62. 

Bjerrum 3 sought to eliminate the potential at the junction by using, 
in one experiment, a saturated, and in another, a half-saturated solution 
of potassium chloride as a “middle liquid.” By comparing the results 
of the two measurements and by extrapolating, he concluded that better 
results were obtained than when the potassium chloride solution was not 
present. 

Gumming and Abegg 4 concluded that a saturated ammonium nitrate 
solution formed an exceptionally good “middle liquid *’ for eliminating 
the potential at the junction. 

Thermodynamic principles were applied by Henderson 6 in the deriva¬ 
tion of the following equation for calculating the potential developed 
between two aqueous solutions: 

„ RT _(«i — Vi)C\ — («, — v»)C a 

F (uiWi + ViWi}Ci — (ffeWt + V 2 W*)C 2 r - 

« (ui Wi + viWi)C\ 

l0ge (u*W 2 + vtW2)C 2 (3) 

1 This Journal, 35, 715 (1913). 

* Electrochemistry, p. 356 (1904). 

* Z. physik Chew.*, 53, 49 (1905). 

4 Z. Elektrochem 13,17 (1907). 

*Z. physik. Chem., 59, 118 (1907); 63, 325 (1908). 
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Ci and Ci represent equivalent^ concentrations. «i, v h vs represent 
absolute ionic velocities W h Wi, W h W2 represent the valences of the 
10ns. 

Subsequent investigations by Bjerrum 1 led him to conclude that, if 
the electromotive force remained constant for some minutes after contact 
between the liquids had been established, the effect of diffusion was neg¬ 
ligible and Henderson’s formula could be applied He found, also, that 
if the connection between the two parts of the cell was made through a 
layer of sand much more constant results were obtained In a second 
paper, 2 he showed that ammonium nitrate gave less satisfactory results 
than potassium chloride when used as a “middle liquid,” but that it 
might be used in cases where the latter would give rise to chemical action 
He also showed that the values obtained bv extrapolation, when a solution 
of potassium chloride was used, agreed closely with those computed by 
means of Henderson’s formula, and that, if the degree of dissociation was 
calculated by means of Nernst’s equation, the result did not at all agree 
with the value obtained by calculation from conductance measurements 

The electrode and liquid potentials of nonaqueous solutions were studied 
by Isgarischew 1 who applied Henderson’s formula to methyl alcohol 
solutions He referred all his measurements to the normal hydrogen 
electrode as a standard He prepared a calomel electrode in methyl 
alcohol, determined its electromotive force and, with the aid of this elec¬ 
trode calculated the electrode potential of several metals Certain 
metals he found showed great tendency to become passive The elec¬ 
trode potential of silver was obtained by using as one-half of the cell a 
Cd | Cd(NOj) 2 electrode which had been measured against the calomel 
electrode Since the potential of this cadmium electrode showed a ten¬ 
dency to increase quite rapidly at first, the two half cells were not placed 
in contact until a constant value had been obtained for the electromotive 
force of this electrode. 

Isgarischew 4 made a further study of the passivity of metals and con¬ 
cluded that the phenomenon was caused by oxidation In the case of 
copper, however, instead of an oxide, a complex compound of copper 
chloride and alcohol was formed on the surface of the metal He measured 
the electromotive force of the combination 

Ag | AgNOa in methyl alcohol | AgN 0 3 in water | Ag, 
and computed the liquid potential by means of Henderson’s formula, 
obtaining an electrode potential much larger than when the cadmium 
electrode was used He sought to measure similar combinations of ethyl 
1 Z Elektrochem 17, 58 (1911) 

* Ibtd, 17, 388 (1911) 

* Ibid , 18, 368 (1912) 

4 Ibid , 19, 491 (1913) 
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alcohdl and aqueous solutions, and stated that it was impossible to apply 
Henderson's formula to compute the liquid potential of such combinations, 
but gave no reasons for this conclusion. 

The following simplification of Henderson’s formula has recently been 
given by Cumming: 1 


_ RT K(2ti — i) — K'(2ti '— i) KWi 

F * ' KWl~—K'Wi ge K'W * 


( 4 ) 


K and A" are the specific conductances, N and N' the migration ratios 
and Wi and Wz the corresponding valences. This equation requires only 
data that can be determined experimentally; and, if it is assumed that the 
migration ratios in the two solutions are the same, the equation becomes 
identical with Nernst's equation. Cumming applied the equation to 
the results of Bjerrum and others on the potentials of various chloride 
solutions with calomel electrodes and obtained satisfactory values. 

Since the experimental work to be described in the following pages 
was completed, Cumming and Gilchrist 2 have published a method for 
ascertaining the true values for the diffusion and electrode potentials 
from the observed potential of the cell. They conclude that a new bound¬ 
ary must be made shortly before the measurement is taken, and that 
capillary tubes must be avoided in the construction of an electromotive 
force cell. 

Thus, as we have seen, considerable work has been done, especially 
within the last three years, upon the subject of the potentials of metals 
in aqueous and nonaqueous solutions of their salts. Many of these meas¬ 
urements have been made with open cells connected by capillary tubes, 
filter paper or sand, with “middle liquids” whose effect is more or less 
uncertain, or with closed cells, no attempt being made to calculate the 
potential at the junction between the solutions. It has, therefore, been 
considered advisable to carry out an investigation of the behavior of silver 
in nonaqueous solutions of silver nitrate. This combination was chosen 
because silver nitrate can be obtained and kept in a state of great purity. 
It is also soluble in a large variety of solvents. In some of these solvents 
it might be expected, from conductance measurements, that abnormal 
effects would be observed. 

The development of the Cumming equation has made it passible to 
compute the potential at the junction of the two liquids from purely ex¬ 
perimental data,, and has thus removed one source of error. 

The apparatus employed for thq,*lectromotive force measurements was 
free from the defects mentioned figr Cumming and Gilchrist and embodied 
several improvements over the ordinary type of cell. The investigation 
divides itself into three parts as follows: 

1 Trans. Faraday Soc 8, 86 (*913). 

'/to*., 9, 174 (1914) 
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I. The measurement of the conductance of the solutions employed. 

II. The determination of the transport numbers in as many of these 
solutions as possible. 

III. The measurement of the electromotive force of various concen¬ 
tration cells in each solvent, and the determination of the electromotive 
force of the following combinations 

Ag | o. 1 or o 01 N AgNOj in w ater | o 1 or o 01 N AgN 0 3 in solvent II | Ag 

Preparation of Materials —The silver nitrate used in making up the 
solutions was finely powdered and kept in a desiccator over phosphorus 
pentoxide 

The ethyl alcohol (high-grade commercial “Absolute” 996%) was 
dehydrated over lime ( ‘aus Marmor”) for se\etal weeks It was then 
distilled, using a fractionating column, and the distillate was collected in 
a receiver protected from the moisture and gasts of the atmosphere by 
means of a tube filled with soda lim( Tht boiling point was 78 8° at 
757 4 mm of mercur) 

The methyl alcohol was subjected to the same treatment as the ethyl 
alcohol. The fraction boiling between 643° and 648° at 746 mm of 
mercury was collected for use 

The acetone was dried o\er fused calcium chloride, distilled, allowed 
to stand over anhydrous copper sulfate several weeks, then redistilled 
and the fraction boiling between 56° 56 1 0 was collected Its conductance 
was so shght it could not be measured 

Commercial aniline, was distilled, allowed to stand over lused potassium 
carbonate several days, then redistilled using a fractionating column. 
The distillation was repeated until a nearly colorless distillate was ob¬ 
tained which boiled between 181 5 °~i 82° at 7s 1 8 mm of mercury. The 
conductance was too slight to be mf asured 

The pyndme, of the best grade obtainable, was treated with fused 
potassium hydroxide for several days, filtered and after repeated frac¬ 
tionations the portion boiling between 114 0 116 0 at 742 mm of mer¬ 
cury was collected 

The water used was distilled according to the method of Jones and 
Mackay. It was collected in a bottle well projected from the gases of 
the atmosphere. 

2. Electrical Conductance. 

All measurements were made at 25 0 The thermostat consisted of 
two concentric galvanized iron tanks, the annular space between them 
being filled with sawdust. The water was well stirred and was heated 
by means of an incandescent lamp that had been coated with a ruby varnish 
to prevent the reducing action of light on the silver nitrate solutions. 
The temperature was maintained constant at 25 =*= 0.05 0 by means of 
an electrically controlled Ostwald thermoregulator. 
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The mother solution in each solvent was made up by direct weighing, 
and the more dilute solutions were made from this by means of carefully 
calibrated burets and flasks. 

The measurements of electrical conductance were made by means of 
the well-known Kohlrausch apparatus, a Leeds and Northrup cylindrical 
bridge being used. The cells were of two types. The ordinary Arrhenius 
form closed by a tight-fitting ebonite cover was used for most of the work, 
but the form described by Kreider and Jones 1 having a ground glass 
stopper and concentric cylindrical platinum electrodes, was used for the 
solutions in ethyl alcohol. The constants of these cells were determined 
by means of a potassium chloride solution containing one mol of the salt 
in 128 liters of water. Its equivalent conductance was taken as 142.4 
at 25 °. The cell constants were redetermined frequently during the 
investigation and were found to remain practically constant. The average 
value for the Arrhenius type of cell was 16.83 and for the Kreider and Jones 
type 2.63. The electrodes of the cell were platinized in the usual manner. 
After each measurement, the cell and electrodes were carefully cleansed, 
rinsed first with distilled water, then several times with absolute ethyl 
alcohol and dried in a current of pure dry air. 

The cell was allowed to stand in the thermostat for twenty 01 thirty 
minutes and the contents were thoroughly stirred to insure a uniform 
temperature before a measurement was taken. From three to six readings 
were taken for each dilution. The cell was allowed to stand twenty minutes 
longer in the thermostat and the readings repeated if the two sets of read¬ 
ings did not agree, the cell was freshly filled and another set of readings taken 
for comparison. Tables I to V give the results of these measurements. 


Tabu* I —Silver. Nitrate in Ethyl Table II. —Silver Nitrate in Methyl 



Alcohol 



Alcohol 


m 

V 

Au° 

m 

V 

A u° 

O I 

10 0 

JO 81 

0 1 

10 0 

36 64 

O OI 

100 0 

22 06 

O OI 

100 0 

68 75 

O 0078 

128 4 

23 72 

0 006 

166 7 

74 88 

O 003 

333 3 

28 14 

0 003 

333 33 

83 14 

O OOI 

1000 0 

34 95 

0 0012 

833 3 

87 30 

O 00056 

1786 0 

37 79 

0 OOI 

1000 0 

90 10 

O 0003 

3313 3 

38 52 

0 0003 

3333 3 

87 82 

O OOOI 

10000 0 

40 71 

O OOOI 

10000 0 

73 23 

Table III — 

-Silver Nitrate 

in Acetone 

Table IV 

—Silver Nitrate in Aniline. 

m 

• y 

a$$° 

m 

V 

A«» 0 

O OI 

100 0 

10 51 

0 1 

10 0 

0 666 

0 003 

333 3 

11 39 

O OI 

100 0 

0 327 

O OOI 

1000 0 

15 43 

0 003 

333 3 

0 436 

0 0003 

3333 3 

20 78 

0 001 

1000 0 

0 678 

0 00016 

6250 0 

25 60 

0 0003 

3333 3 „ 

1 082 

O OOOI 

lOOOO 0 

28 06 

O OOOI 

10000 0 

1 651 


1 Am Chrm . J , 45 , 295 (1911) 
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Table V.—Silver Nitrate in Pyridine. 


m . 

V. 

A«°. 

O.I 

10.0 

24.80 

o.ox 

100.0 

3385 

0 003 

333.3 

43 68 

O.OOI 

1000 0 

54 13 

0.0003 

3333 3 

66.14 

0.0001 

10000.0 

73 50 

0.00006 

16666 7 

75 82 


In Fig. 1 are plotted the values given in Tables I-IV. As a comparison, 
the results of other investigators are also given. The scale used in Fig. 1 
being too small to show well the changes of conductance with dilution 
in solutions of silver nitrate in aniline, the results of Table V are plotted 
in Fig. 2 and compared with the results obtained by Sachanov 1 in more 
concentrated solutions. Curves similar to this conductance curve have 



o 5 10 15 20 25 

Fig. 1. 

1, Conductance in Water 2, Conductance in Ethyl Alcohol 3 and 4, Conduc¬ 
tance in Methyl Alcohol 5, Conductance in Acetone at 18 0 6 and 7, Conduc¬ 
tance in Acetone at 25 °. 8 and 9, Conductance in Pyridine 

been described by Franklin and 'Gibbs* for silver nitrate in solutions in 
methylamine, and by Shinn 8 for solutions of silver nitrate in ethylamine. 

The conductance curve for silver nitrate in acetone at 18 0 , described 
by St. V. Laszizynski, 4 is also plotted in Fig. 1. As it lies above the curve 
obtained at 25 0 it indicates that the silver nitrate solutions in acetone 
have a negative temperature-coefficient. This phenomenon was observed 
1 Z. physik. Chem. t 83, 129 (1913). 

* This Journal, 29, 1389 (1907) 

1 J. Phys. Ckem., 11, 537 (1907). 

4 Z. Elektrochem a, 55 (1895). 
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by Cattaneo 1 for solutions of hydrochloric add in ether, and by Getman 
and Gibbons 2 for solutions of zinc chloride in methyl alcohol. 

3. Transport Numbers. 

Since the data at hand, concerning the transport numbers of the ions 
of silver nitrate in nonaqueous solutions, were somewhat meager, it seemed 
best to carry out as full a series of such measurements as possible for the 
solutions under investigation. 

Two forms of apparatus were employed for these determinations—the 
form designed by Mather and modified by Jones and Basset, 8 and a modified 
form of the Nernst-Loeb apparatus which has been de¬ 
signed in this laboratory and is illustrated in Fig. 3. 
The electrodes were in both cases made of pure silver 
wire fused to a stout piece of platinum wire which was 
in turn sealed into the glass tube and protected with 
fusion glass. 

A copper coulometer was used to measure the total 
current Two copper plates, 2.2 by 5 cm. in dimen¬ 
sions, served as electrodes, one of which, the cathode, 
could be removed for cleaning and weighing. The 
solution in the coulometer was made up as follows: 
CuS 0«.5H*0, 150 g.; H2SO4, 50 g.; C2H1OH, 50 g-; 
H| 0 , 1000 g. During the passage of the current, a 
slow stream of carbon dioxide bubbled through the 
solution between the electrodes in the coulometer. The 
Fig. 3. laboratory electrical circuit served as a source of current 
and it remained fairly constant during the time of each experiment. 

The Jones and Bassett cell was carefully calibrated. To simplify the 
1 AtU accad. Linen , [5 ] a, 295. 

* Am. Chmn. 48,124 (1912). 

•JWtf., 3a, 429 (1904). 




Fig. 2.—Conductance in Aniline. 
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method given by them, the apparatus was leveled and filled with distilled 
water to a suitable height. After marking each arm of the apparatus to 
indicate this level, it was emptied and thoroughly dried. The stopcock 
was closed and each arm filled with distilled water from a carefully cali¬ 
brated buret. The volume required to fill each arm to the mark was 
noted. The stopcock was then opened and water added until it again 
stood at the same level. This operation was repeated three limes with 
the following results: 


L 

a 

111 

Cc 

Cc 

Cc. 

55 56 

55 83 

112 21 

55 54 

55-80 

112 23 

55 45 

55 76 

112 24 

55 45 



A\ erage, 55 50 

55 80 

112 23 


For each experiment 112.23 cc. of the solution were run into the ap¬ 
paratus from the buret and after inserting the electrodes it was placed 
in the thermostat. When sufficient time had elapsed for the temperature 
to become uniform, it was connected in series with the coulometer, a vari¬ 
able resistance and a milliammeter. The circuit was closed and <he cur¬ 
rent allowed to pass through the solution several hours. When a sufficient 
amount of silver had separated at the cathode, the stopcock was closed, 
the cell was removed from the thermostat and the two solutions were 
filtered through glass wool into two 100 cc flasks Each arm was thor¬ 
oughly rinsed several times and the wash water was added to the corre¬ 
sponding solution After the solutions had acquired the temperature 
’of the room they were diluted to 100 cc. and analyzed by Volhard’s method. 
The ammonium thiocyanate solutions used were o. 1 and 0.025 N and were 
standardized against a corresponding aqueous solution of silver nitrate. 
The amount of silver in the solution was compared with the amount orig¬ 
inally present. 

This method was used for the measurement of the transport numbers 
of most of the solutions in methyl and ethyl alcohols. The analysis of 
the solution from the cathode chamber seldom gave the same value for 
the transport number as the analysis of the solution from the anode cham¬ 
ber. If any silver peroxide formed on the anode, the amount was very 
slight and the silver separated out in beautiful, shiny needles on the cath¬ 
ode. By taking the mean of the two values so obtained, the agreement 
of results was fairly good. 

It seemed probable that the cause of the irregularity observed was that 
the unaltered portion of the solution did not lie midway between the elec¬ 
trodes. This would seem logical when the ions do not share equally in 
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carrying the currents Sdihmdt 1 found that in the case of solutions of 
silver nitrate in pyridine and acetonitrile the unaltered portion or “ middle 
layer” was much nearer the anode than the cathode. 

This experience led to the designing of the form of apparatus illustrated 
in Fig. 3. It was used in a few of the experiments with solutions in the 
alcohols and with the solutions in pyridine. The apparatus was filled 
to a level above the horizontal connecting tube and the electrodes were 
inserted. The stoppers carrying the electrodes had a slight groove cut 
on one side to allow for the expansion of the contents of the cell, but in 
no case did the solution come in contact with these rubber stoppers The 
outlet tubes of the two arms were protected by means of rubber caps 
sealed with glass rods. The apparatus was then placed in the thermostat 
and, after uniform temperature was acquired, connection with the circuit 
was made as in the previous experiments. 

When sufficient silver had separated on the cathode, the following 
method was adopted to ascertain the exact position of the “middle layer.” 
The solution was drawn from the anode arm into three or four tared glass 
stoppered weighing bottles, and the entire solution from the cathode arm 
was transferred to another weighing bottle. These portions were weighed 
and their content of silver determined by Volhard’s method. These 
values were then compared with the amount of silver which would have 
been present if the solutions had maintained their original concentration. 
If there was a gain in silver, that portion was considered a part of the 
solution around the anode; if there was a loss in silver, that portion was 
considered a part of the solution around the cathode. If the change m 
the amount of silver present was less than 1%, that portion was considered 
the “ middle layer.” However, the amount of gain was added to the value 
for the solution around the anode or the amount of loss was added to the 
value for the solution around the cathode. 

As an example, let us consider the measurements made with the 0.05 N 
solution of silver nitrate in ethyl alcohol. 



Wt of 
solution. 

Or if wt 
of silver 

Final wt 
of silver 

Change in 
silver 

I 

9 2174 

O 06206 

O IOI47 

+0 03941 

II 

3 37880 

O 02567 

O 02533 

4-0 OOO34 

III 

3 0431 

O 02063 

O 02045 

-ho 00018 

IV 

9 1731 

O 06229 

O 05254 

— O 00975 

V 

. 19 8476 

O 13486 

O 10598 

— O 02888 


Total solution m anode chamber 

16.048 g 



Transport number of anion 



O 613 


Total solution in cathode chamber 

29 021 g 



Transport number of anion 

• 


0 593 




Mean, 

0 603 


1 J Phys Chem , 6,159 (1902) 
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In this case, it is quite evident that if the division had been made ex¬ 
actly in the middle of the solution, accurate values could not have been 
obtained. 

Tables VI to VIII give the results of the values obtained for the various 
solutions 

m = concentration of the solutions (made up accurately by weight). 

t = duration of the experiment m hours. 

E = reading of the milhammeter in nulliamperes. 

A = the transport number of the anion (calculated from the analysis 
of the solution around the anode) 

C = the transport number of the anion (calculated from the analysis 
of the solutiOti around the cathode) 


Table VI —Solutions in Ethyl Alcohol 









Mran of 

Apparatus 

m 

l 

L 

A 

C 

Mean 

senes 

Jones and Bassett s 

O 1 

4 

3 4 

O 626 

O 707 

O 667 | 



O I 

5 

3-4 

0 668 

O 683 

0 675 

\ O 673 


O I 

5 

3“4 

0 632 

0 718 

0 676 J 

1 

Jones and Bassett’s 

O 05 

8 

2 5-3 

0 751 

O 752 

O 7515 ] 



0 05 

10 

2 5"3 

0 697 

O 729 

O 713 | 

| 0 733 


O 05 

9 

2 5“3 

0 724 

0 744 

0 734 , 


Gibbons 

O 05 

4 V. 

4 

0 613 

0 593 

0 603 

0 603 

Jones and Bassett’s 

O 04 

10 

2 5-3 

0 728 

0 693 

0 710 

0 7105 


O 04 

10 

2 5-3 

0 705 

0 717 

0 711 1 

Table VII — Solutions 

in Methyl Alcohol 










Mean of 

Apparatus 

m 

t 

r 

4 

C 

Mean 

series 

Gibbons* 

O I 

0 I 

3 

3 

4-5 

4-5 

O 587 

0 584 

0 570 

0 572 

0 5785 

O 578 

) O 578 

Jones and Bassett’s 

O I 

3 5 

5-8 

O 765 

O 571 

O 668 

O 617 

Jones and Bassett’s 

O 07 

3 

5 

0 637 

0 607 

O 617 

| O 650 


O 07 

3 

5 

O 767 

0 600 

O 684 t 

Gibbons’ 

O 07 

4 

4-5 

0 5805 

0 568 

0 574 > 

0 574 

Jones and Bassett s 

O 05 

3 

5-6 

O 561 

0 604 

0 5825 

| 0 581 


0 05 

3 5 

5 * 

0 572 

0 587 

0 5795 j 

Jones and Bassett s 

0 04 

3 

5-6 

0 560 

0 572 

0 566 



0 04 

4 

5 5 

0 616 

0 622 

0 619 

0 579 


0 04 

4 

5 5 

0 576 

0 572 

0 574 


0 04 

4 

5 5 

O 573 

0 541 

0 557 



Table VIII — Solutions in Pyridine 










Mean of 

Apparatus 

m 

t 

E 

A 

c 

Mean 

series 

Gibbons’ 

O I 

4 

4-6 

O 675 

0 677 

O 676 1 



O I 

4 

4-6 

O 699 

0 701 

0 700 

► O 694 


O I 

4 

4-6 

O 698 

0 717 

0 707 J 


Gibbons' 

O.05 

5 

3-5 

O 667 

0 691 

O 679 1 

|o 677 


O 05 

4 

3-5 

O 656 

0 697 

O 676 J 
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Discussion of Above Tables. 

Zft/ry/ Alcohol .—Since the differences in the values obtained when Jones 
and Bassett's apparatus was used were so great, only the value obtained 
when Getman and Gibbons' apparatus was used will be compared with 
the values obtained by other investigators. 

Methyl Alcohol .—The values for o. i and 0.07 N solutions obtained with 
Jones and Bassett’s apparatus are considered much less accurate than the 
other values given in the above tables. 

Acetone .—Attempts were made to determine experimentally the trans¬ 
port numbers in acetone solutions, but the maximum concentration that 
could be obtained even by shaking silver nitrate with acetone for 24 hrs. 
was only 0.01 N and the resistance of this solution was so great that the 
measurements were not considered trustworthy. This was the conclusion 
arrived at by Jones and Rouiller 1 in their work. Roshdestwensky and 
Lewis, from their electromotive force measurements of concentration 
cells, calculated the transport number for the anion of silver nitrate in 
acetone as 0.60 to 0.58 for dilutions ranging between 0.02 and 0.007 N. 
Jones and Rouiller determined the transport numbers for silver nitrate 
in mixtures of acetone and water. By extrapolation from the curves 
obtained by plotting their results, it seems probable that the value for 
a 0.01 N solution in pure acetone might lie between 0.60 and 0.62. 

Pyridine .—The pyridine solutions could not be analyzed in the same 
way as an aqueous or an alcoholic solution, because of the basic and solvent 
properties of the pyridine. Two methods of eliminating the pyridine 
were tried: (1) the pyridine was neutralized with concentrated nitric 
acid; or (2) the greater part of the pyridine was distilled off from the 
solution before neutralizing it. The mixture of silver and pyridine nitrates 
was diluted with water and titrated with ammonium thiocyanate solu¬ 
tion. The first method was less troublesome and gave fully as satisfac¬ 
tory results. 

Aniline .—The analysis of the aniline solutions proved to be an in¬ 
surmountable obstacle to the determination of the transport numbers 
in that solvent. All known methods were found to be impracticable. 

Comparison of the Values as Given by Various Investigators. 

Table IX.— Solutions in Kthyl Alcohol. 


r. 

m . 

A . 

Investigator. 

20 

0.108 

0.594 

Mather 

25 

O.076-O IOI 

0.5988 

Jones and Bassett 

25 . 

0.02 

O 6l6 

Rouiller 

25 

O.05 

O.603 

Gibbons 


1 Am. Cktm . J. t 36,475 (1906). 
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Table X.—Solutions in Methyl 

Alcohol. 


m 

4 

Investigator 

? 

> 

0 533 

Cam petti 

25 

O 0093 

0 523 

Carrara 

25 

O IO 

0 5797 

Jones and Bassett 

25 

O 02 

0 572 

Jones and R outlier 

25 

O IO 

0 57* 

Gibbons 

25 

O 07 

0 574 

Gibbons 

25 

O 05 

0 581 

Gibbons 

25 

O 04 

0 570 

Gibbons 

21 

O T 

0 613 

Schlundt 

22 

O 025 

0 564 

Schlundt 

22 

O 025 

0 554 

Schlundt 

25 

O 1 

0 694 

Gibbons 

25 

O 05 

0 677 

Gibbons 


4. Electromotive Force. 

The electromotive fence of cells of the following types was studied 

(1) Ag | AgNOa, Cone. 1 | AgNOg, Cone. II | Ag, 
the solvent m the two solutions being identical, and 

(2) Ag | AgNOa, Aqueous | AgNOa, NonaqueoUvS | Ag, 

the solvents being different but the concentrations being identical The 
more concentrated solutions were all made up at room temperature by 
direct weighing. The dilutions were made from these by means of care¬ 
fully calibrated burets and flasks The solutions were kept in the dark, 
and in no case was there more than a veiy slight tendency to turn brown, 
even when left standing several weeks. 

The compensation method of Poggendorff was employed, an enclosed 
type of Lippmann electrometer being used as a zero instrument Measure 
ments with this instrument were; correct to one millivolt, except when the 
poor conductance of the solutions or other disturbing factors introduced 
a larger error. The experimental cell was balanced against a chloride 
accumulator as a source of potential The electromotive force of this 
cell was determined by means of a certified Weston Standard Element, 
before and after each measurement of the experimental cell. The elec¬ 
tromotive force of this 
Standard Element was 
1.01948 volts at 25°. 

The experimental cell, il¬ 
lustrated in Fig. 4, con¬ 
sisted of two parts con¬ 
nected by means of a tigbt- 
fitting piece of rubber tub¬ 
ing. During an experiment, 
the stopcock 5, of fairly 
large bore, was kept closed, 
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except while the measurements were actually being made. The electrodes 
were made of pure silver wire sealed to a stout piece of platinum wire, 
which, in turn, was sealed into a glass supporting tube and protected by 
fusion glass. The electrical connections were made through mercury 
placed in these glass tubes. 

At first, some difficulty was experienced in obtaining constant values 
for the electromotive force of a given concentration cell, but by adopting 
the following method of procedure the electromotive force remained 
constant for at least 30 mm after contact between the two solutions had 
been made The two half-cells were connected together at C and with 
the two stopcocks 5 and S' closed, the two solutions were poured into the 
cell until they were at the same level on each side, the denser solution being 
always put into the half-cell R. When the electrodes had been inserted 
and the clamps 7 and P closed, the cell was supported in the thermostat 
and allowed to stand 25-30 min. in order to acquire a uniform tempera¬ 
ture. Connection with the circuit was then established and the contact 
between the two solutions made as follows. The stopcock S' and clamp 
T' were opened and, by gently blowing into a pipet inserted at T\ the 
denser solution m R was forced up to the base of the tube carrying the 
stopcock S'. The clamp T' was then closed and the stopcock 5 and clamp 
T were opened By blowing very gently into a pipet inserted at 7 , 
the solution m L was brought into contact with the first solution The 
stopcocks 5 and 5 ' and the clamp 7 were then closed. A measurement 
of the electromotive force was made at once. The stopcock S was opened 
just long enough to determine the point of balance on the bridge wire. 


Tablb XII 


mi 

ms 

E 

K 

mi 

m 

E 

K 


Solutions in 

Ethyl Alcohol 



Solutions 111 Acetone 


0 I 

0 01 

0 0408 

O 0591 

0 Ol 

0 003 

0 0293 

O 0601 

0 1 

0 003 

0 0650 

O 0587 

0 or 

0 001 

0 0537 

O 0630 

O 1 

0 001 

O OQ22 

O 0619 

0 01 

0 0003 

0 0816 

O 0665 

0 t 

0 PO03 

0 1297 

O 0658 

0 01 

0 0001 

0 1212 

O 0771 

O t 

0 0001 

0 1648 

O O680 


Solutions m Aniline. 


O OJ 

0 003 

0 0276 

O 0640 

0 1 

0 01 

0 0373 

O 0285 

0 01 

0 001 

0 0538 

0 0657 

0 1 

0 003 

0 0548 

O OS2I 

O Ol 

0 0003 

0 0858 

O 0670 


Solutions m Pyridine 


0 Ol 

0 0001 

0 1169 

O 0674 

0 1 

0 01 

0 0368 

O 0425 

Solutions in Methyl Alcohol 

0 1 

0 003 

0 0592 

O 0460 

0 1 

0 01 

0 0462 

O 0636 

0 1 

0 001 

0 0831 

O 0500 

0 1 

0 003 

1 0 0746 

O 0639 

0 1 

0 0003 

0 1105 

O 0577 

0 1 

0 001 

0 1008 

O 0626 

0 1 

0 0001 

0 1375 

O O544 

0 1 

0 0003 

0 1358 

O 0634 

0 1 

0 00006 

0 1532 

O 0560 

0 1 

0 0001 

0 1719 

O 0637 

0 01 

0 003 

0 0207 

O 0502 

0 01 

0 003 

0 0264 

O 0600 

0 01 

0 001 

0 0437 

O 0549 

0 01 

0 001 

0 0591 

0 0670 

0 oz 

0 0003 

0 0723 

O 0587 

0 01 

0 0003 

0 0934 

O 0675 

0 01 

0 0001 

0 0978 

O 0588 

0 01 

0 0001 

0 1337 

O 0677 

0 01 

0.00006 

0 1179 

O.O66O 
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Two other readings were made at intervals of ten minutes The elec¬ 
tromotive forces calculated from these three bridge readings seldom varied 
from the mean value by moie than one- or two tenths of a millivolt 
The results of the measurements are given in Table XII The constant 
h was calculated from the Nemst formula, written in the following form 
The value of the transport number was assumed not to vary appreciably 
with the concentration 

^ ~ logio ntiA\/nHA 2 ^ 

lit 11 it was assumed that the observed values of the transport numbeis 
ivere correct, and that they did not var} appreciably with the dilution 
the values for E calculated for the different cells showed, 111 no ease, very 
close agreement with those obstrved 

In Table XIII the calculated and observed \allies for the transport 
number (w) ot the anion of silver nitrate in the various sol\ ents are given 
(n) is calculated from the formula 

0 E 

n = 


u + i 2X0 0595 logio (wjAi/WVs) 
and the observed value is in each ease the mean of the value given 11 
JX XI, excluding those found by Campetti and Carrara 

Table XIII 


in 

m 

n Calc n Obs 

m 

mi 

n Calc 


Solutions in Ethyl Alcohol 


Solutions in Acetone 

O 1 

0 OI 

O 496 O 603 

0 01 

0 00 ^ 

0 505 

O 1 

0 003 

0 493 

0 01 

0 001 

0 54 1 

O 1 

0 001 

O 520 

0 OI 

0 0003 

0 559 

O I 

0 0003 

0 553 

0 OI 

0 0001 

0 647 

O I 

0 0001 

0 571 


Solutions in Aniline 

O OI 

0 003 

0 557 

0 I 

0 OI 

0 239 

O OI 

0 001 

0 565 

0 I 

0 003 

0 490 

O OI 

0 0003 

0 367 


Solutions in Pyridine 

O OT 

0 0001 

O 566 

0 

0 01 

0 357 

Solutions in Methyl Alcohol 

0 

0 003 

0 390 

0 1 

0 01 

0 534 0 577 

0 

0 001 

0 420 

0 1 

0 003 

0 537 

0 

0 0003 

0 443 

0 1 

0 001 

0 526 

0 

0 0001 

0 457 

0 1 

0 0003 

0 533 

0 

0 00006 

0 471 

0 1 

0 0001 

0 535 

O OI 

0 003 

0 422 

0 01 

0 003 

0 504 

O OI 

0 001 

0 461 

0 OI 

0 001 

0 563 

O OI 

0 0003 

0 493 

0 01 

0 0003 

0 554 

O OI 

0 0001 

0 494 

0 01 

0 0001 

0 569 

O OI 

0 00006 

0 529 


(<>) 

1 ables 


62 1 


o 620 


The electromotive forces of the combinations 

Ag | 0.1 N AgNO* in water | o 1 N AgNOi in solvent II 
1 This value is extrapolated 


Ag 
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were measured and the results are tabulated below. The first column 
designates the nature of the solvent II, E the observed potential, E\ 
the electrode potential in the aqueous solution, E% the potential at the 
junction between the two liquids which is calculated according to Cum- 
ming’s formula given on page 1636, and E t is the electrode potential in 
solution II. The electrode potentials arc referred to that of the hydrogen 
electrode as zero.. The electrode potential E\ in aqueous solution is cal¬ 
culated by means of the formula E = E p - 0.0595 log w, in which the 
value of E p is taken as 0.798 volt 


Table XIV. 


Solvent II 

L . 

Et 

Ei 

a>. 

Ethyl alcohol. 

+0 1004 

4 -o 7331 

4-0 00217 

4-0 8314 

Methyl alcohol. 

4 -o 0967 

4 -o 7331 

—0 00005 

4-0 8298 

Acetone 

4-o 1712 

4 -o 7331 

4-0 00202 

4-0 9022 

Aniline 

—0 2559 

+0 7331 



Pyridine v 

—0 3618 

4-0 7331 

—0 00017 

4 -o 3711 


5. Discussion of Results. 

An inspection of Figs. 1 and 2 brings to light certain differences between 
the conductance curves for nonaqueous solutions and the curve for aqueous 
solutions of silver nitrate. Considering the latter to represent a normal 
curve of conductance, the curves for nonaqueous solutions present certain 
abnormalities. This abnormality is most clearly shown in the curve for 
solutions in aniline and less clearly in the curves for solutions in acetone 
and pyridine. The curve for solutions in ethyl alcohol is quite similar 
to that for solutions in water, except that in the more concentrated region 
it appears somewhat flatter; while the curve for solutions in methyl al¬ 
cohol shows a tendency to pass through a maximum in the more dilute 
regions 

In seeking a cause for these abnormalities it is important to consider 
the determination of the molecular weight of silver nitrate in these sol¬ 
vents. In certain cases, at the temperature of the boiling solvent, there 
is considerable interaction between the solvent and the salt, which renders 
the determination of the molecular weight extremely difficult This 
is especially true when aniline is the solvent and true to a lesser degree 
in the other solvents. It is, however, a well known fact that these liquids 
show a great tendency to combine with the ions and that there are also 
present in such solutions polymerized molecules of the dissolved salt. 
Jones 1 showed that sodium iodide, cadmium iodide, and ammonium thio¬ 
cyanate were polymerized to an appreciable extent when in solution in 
acetone. It has'been shown by many investigators that in solutions in 
ethyl and methyl alcohol the solute frequently exists in a polymeric state. 

1 Am. Ckm. J , 2% 16 (1902). 
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Getman and Gibbons 1 have shown this to be the case for zinc chloride. 
The molecular weight of silver nitrate in pyridine, as determined by Werner- 
Smujlow,* is 165.42 (mean value of series ranging from 160.02-169.82) 
but, as determined by Speransky and Goldberg, 3 it is 207.5 (mean value 
of series ranging from 199-210). This latter result was confirmed by 
Schroeder 4 who found the molecular weight to be 203.6 (mean value of 
series rangingfrom 186- 214). By studying the equilibrium of the system, 
silver nitrate in pyridine from - 65° to + no°, Kahlenberg and Brewer 6 
discovered that these substances combine to form definite compounds 
at different temperatures and that, between — 24 0 and 4-48.5°, the solid 
phase had the composition AgNOs^CfiHsN, wliile above 79° theie; was no 
combination of the two substances, pure silver nitrate being in equilibrium 
with the solvent. This shows clearl> that the molecular complexity of 
the solute at 25° would be even greater than at 115°, the boiling point 
of pyridine. 

That there is a possibility of three different reactions taking place in 
solution where such complexes exist was discussed by Sachanov.® The 
complexes C m may decompose into simpler molecules, or they may ionize 
to form complex ions, or the simple molecules may ionize to form simple 
ions. These reactions can be represented as follows: 

C m tnC, 

C m ^LA' + K', 

C ^A 4 A', 

where A' and K' denote the complex anion and cation, and A and A 
, denote the simple anion and cation. The first two equations would hold 
true whether the complex was a polymerized molecule of the solute or 
a compound of solute and solveni. Walden 7 considers that ionization 
is caused and induced by the process of disaggregation of the polymerized 
salt molecules. In case the solvent has a high dielectric constant, this 
depolymerization into simple ions will be abrupt, and in a solvent with a 
low dielectric constant this change will be more gradual or the effect of 
the complexes will be more marked and prolonged.-. Arranging these 
solvents in the order of their dielectric constants, we see that the degree 
of the abnormality of the conductance curves follows practically the same 
order. This is shown in the following tabulation: 

1 Am. Chem. J., 48, 124 (1912). 

* Z. anorg. Chem., 15, 18 (1897). 

* Z. physik. Chem., 39, 369 (2902). 

4 Z. anorg . Chem., 44, 20 (2905). 

* /. Phys. Chem., 13 , 283 (1908). 

4 Z. physik. Chem., 83, 129 (1913). 

7 This Journal, 359 2649 (2913)- 
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Solvent 

D C 

Water 

81.1 

Methyl alcohol 

31.2 

Ethyl alcohol 

. 23 8 

Acetone . 

21 \ 

Pyridine 

12 4 

Aniline . . 

6 85 


Sachanov and Prscheborowslcy 1 investigated the conductance of various 
electrolytes in six different solvents of very small dielectric constants. 
Many electrolytes showed maxima in very concentrated solutions, but 
in no case was a minimum observed They concluded that this might 
be due to the very small dielectric constant of the solvent. 

The diminution in conductance with increasing molar concentration, 
as shown by extremely concentrated solutions of silver nitrate in aniline, 
has been ascribed by Kraus 2 to the influence of the increasing viscosity 
of the solutions. Sachanov has shown 8 that, if the equivalent conductance 
A is multiplied by the ratio of the viscosity of the solution to that of the 
solvent, 17'/n» values are obtained which correspond to A for solutions where 
the two viscosities are approximately equal. 

As the temperature is increased the abnormalities in a conductance 
curve diminish Jones and his co-workers 4 clearly stated the relations be¬ 
tween the temperature and the conductance of an electrolyte m an aqueous 
solution. They showed that (1) the temperature coefficient of con¬ 
ductance of aqueous solutions of electrolytes is greater the greater the 
hydrating power of the electrolyte, that (2) the temperature coefficients 
of conductance for any given electrolyte increase with the dilution of the 
solution and this increase is greatest for those substances with large hy¬ 
drating power. These two statements led to the conclusion that the 
decreasing complexity of the hydrates with rise of temperature is a very 
important factor in conditioning the large temperature coefficients of 
conductance shown by those substances whidi have a large hydrating 
power. It would seem that the abnormalities observed in nonaqueous 
solutions might also be explained in a similar way. 

The values of the transport numbers calculated from the electromotive 
force measurements of concentration cells are quite different from those 
obtained experimentally. In all cases the experimental values are the 
larger. The direct measurement could only be carried out with solutions 
of fairly large concentrations (not less than 0.02 AO. It can be seen that 
the values calculated for the extremely dilute solutions approach more 
nearly the experimental values. The transport numbers, in all the sol- 

1 Z Elektrochem , 20, 39 (1914) 

* This Journal, 36, 60 (1914) 

* Z pkysik Chem , 83, 129 (19x3). 

* ''Hydrates to Aqueous Solution/ 1 PM Camepe Inst, 60, pp. 136-7 {1907). 
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vents for which experimental or calculated data could be obtained, show 
an increase in the value for the anion with increasing dilution, with the 
exception of the experimental values for solution m pyridine where the 
opposite effect is apparent The values for solutions m methyl alcohol 
show a much greater degree of uniformity for calculated and observed 
values as well as much better agreement between the two series In the 
determination of the transport numbers it was observed that the “middle 
layer" did not he midway between the electrodes If one examines the 
experimental data of Schlundt 1 for a solution of silver nitrate m pyndine, 
one notices this same fact He found a ‘ middle layer" less than one 
third the distance from the anode The middle layer for the alcoholic 
solutions was situated much nearer the median lme of the cell It has 
been proved by Kahlenberg and Brewer 2 that pyridine and silver nitrate 
combine at ordinary temperatures to form complex molecules, and Mor 
gan and Kanolt 8 found that m a mixture of water and pyridine a large 
proportion of the pyridine traveled with the silver 10ns to the cathode 
LeBlanc, in his Textbook of Electrochemistry" (page 76), calls atten 
tion to Kohlrausch’s discovery that, with monatomic univalent 10ns, 
the transport numbers of all solutes in aqueous solutions approach the 
value o 50 with increasing temperature He states that at the same time 
the difference in mobility of the two 10ns in each case actually increases 

The greatest shifting of the 'middle layer** was observed when pyndine 
was used as the solvent for the silver nitrate and definite compounds of 
solvent and solute are known to exist m such solutions If the cation 
cames with it a part of the solvent, the concentration of the silver 111 the 
cathode chamber will be abnormally low and a corresponding increase 
will be observed in the anode chamber It seems probable that the move 
ment of the solvent with the cation causes the shifting of the “middle 
layer " toward the anode If the solvent moves with the amon, the “ middle 
layer*’ should then shift toward the cathode These ionic complexes 
break down more or less completely with increasing temperature and cause 
the transport numbers to approach a limiting value in aqueous solutions 
Probably, when sufficient experimental data has been* accumulated, it 
will be found that the transport numbers m nonaqueous solutions approach 
similar limiting values. 

If the transport numbers do not increase with the dilution of the solu¬ 
tion, A as calculated in Table XII should have a constant value, but it 
is only in the case of solutions in methyl alcohol that K has an even ap 
proximate constancy. In the four other solvents, K increases steadily 
in value with the increasing difference in the concentration of the solutions 

1 / Phys Chern , 6, 159 (1902) 

* Ibtd., 12, 383 (1908) 

* Z physik Chem , 48, 365 (1904), This Journal, 28,37a (1906) 
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in the cell. Likewise, the values of the transport numbers calculated in 
Table XIII, show a steady increase with the changing difference of 
concentration in the cell. Both of these phenomena may be due to the 
same cause. The degree of the dissociation of the conducting complexes 
into simple ions will increase as the solution is diluted. In the more con¬ 
centrated solutions the molar concentration is not correctly given by the 
weight of silver nitrate in a given volume of solution, hence wA is the true 
value of the ionic concentration only in dilute solutions. The change in 
value of this factor would cause an increase in the computed value for 
both n and K (as is shown by Equations (5) and (6)). The fact that this 
abnormality is greatest in the case of aniline and pyridine, where the effect 
of the complexes is most clearly shown in the conductance curve, seems 
to substantiate this view. The Nemst equation, therefore, is not a 
true expression of all the factors which determine the difference of poten¬ 
tial in these concentration cells. 

In comparing the electromotive forces found when an aqueous solution 
was joined to a nonaqueous solution of the same concentration, it is at 
once noticed that, whereas the solutions in the alcohols and acetone are 
positive toward the aqueous solution, the solutions in aniline and pyridine 
are negative toward the aqueous solution. The value obtained by Is- 
garischew 1 for the electrode potential of silver in solutions of silver nitrate 
in methyl alcohol is slightly greater than the one given in Table XIV; 
but he used the Henderson formula for calculating the potential at the 
junction of the two liquids and this involved the use of A 00 which is by 
no means surely established. The value here given, therefore, seems 
more probable, since only experimental data were used in this calculation. 

6. Summary. 

The results obtained may be summarized as follows: 

1. Conductance measurements of solutions of silver nitrate in ethyl 
alcohol, methyl alcohol, acetone, aniline and pyridine have been made 
for concentrations ranging between 0.1 and 0.0001 N. It has been shown 
that the conductance curve for solutions in aniline approaches a second 
maximum as the solutions become more dilute. It has also been shown 
that there is a relationship between the dielectric constant and the ab¬ 
normalities of all the conductance curves. 

2. The transport numbers of silver nitrate in ethyl alcohol, methyl 
alcohol and pyridine have been determined experimentally. 

3. Measurements of the electromotive force have been made for a large 
number of concentration cells in the various solvents, an apparatus being 
used which is free from defects due to capillarity and constant communica¬ 
tion of the two liquids. 

1 Z. EUktrochem., 19, 491 (19x3). 
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4. Values for the electrode potential of silver in the various solvents 
have been calculated. 

5. The experimental data seem to prove that the abnormalities ob¬ 
served in nonaqueous solutions of silver nitrate are due to the combination 
of the solvent and the solute to form complex compounds which dissociate 
more or less gradually. 
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Introduction* 

The purpose of this paper is to advance a theory of molecular structure 
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and valency and to attempt to explain certain phenomena by means of it. 

The main features of the theory were conceived about ten years ago, 
and have been in process of development and extension since that time. 
Recently, however, some papers have appeared which contain ideas 
somewhat similar to my own. Among these was a paper by Sir William 
Ramsay, 1 in which he advanced the view that an electron may serve as 
a bond between the atoms in a compound, and that the electron behaves 
like an atom of an element. On this basis he gave explanations of certain 
chemical and electrochemical phenomena. 

Practically the same idea has been used by P. Achalme, 2 to explain the 
formation erf neutral molecules at the electrodes dining electrolysis, and 
to show the mechanism of one type of gaseous ionization. 

I have, therefore, ventured to present my views at this time with a 
feeling that they are in harmony with the present trend of scientific spec¬ 
ulation. 

Any theory of the nature of valency,.or of the forces which hold atoms 
together in a molecule, should explain a number of facts, such as are here 
briefly summarized: 

1. The combination of a “positive element” and a “negative element,” 
to produce a stable compound. 

2. The union of two atoms of a “positive” element, such as hydrogen, 
with each other, or the combination of two atoms of a “negative element,” 
such as chlorine, with each other. 

3. The formation of double salts and salts with water of*crystallization. 

4. The existence of monatomic molecules. 

5. The absence of chemical affinity in the gases of the helium group. 

6. Ionization and conduction in gases. 

7. The mechanism of chemical reactions. 

8. The phenomena of electrolysis and dissociation. 

Valency is ordinarily assumed to be a property of free atoms; that is, 
we say the hydrogen atom is univalent, or that the aluminium atom is 
trivalent; but it seems to me more logical to consider valency as a property 
of atoms in a state of combination, since we know very little about free 
atoms, except in the case of the monatomic gases. 

For example, in considering the combination of hydrogen and chlorine, 
we should attempt to find an explanation, not for the union of atoms of 
hydrogen and chlorine, but for the existence and stability of the molecules 
of these elements, and for reactions which take place between the molecules . 
The meaning of this statement will become clearer after the explanation 
of the theory has-been read. 

1 Turns. Ckem . Soc., 93,1, 774 (1908). 

1 Comp*. Reed., 134,647 (1912)* 



A THEORY OF VALENCY AND MOLECULAR STRUCTURE. 16*57 

Historical and Critical. 

The history of the electron conception of valency really began with the 
attempts of Davy and of Berzelius to explain chemical affinity by assuming 
that electric charges were associated with the atoms. This theory re¬ 
quired that the atom of a given element should possess a charge of the same 
sign in all its compounds, but when it was discovered that a great many 
compounds could be made, whose veiy existence w r ould seem to be con¬ 
trary to these views, the theory of Berzelius, in its original form, lost the 
enthusiastic support which it had received at first. 

The development of the electron theory has recently led to a revival of 
the views of Berzelius in a modified form. J. J. Thomson 1 has advanced 
the idea that an atom is a system of revolving electrons, of greater or less 
stability, capable of gaining or losing a certain number of electrons without 
sensibly changing its configuration. He uses the terms “positive valency” 
and “negative valency,” and explains positive valency as the ability of an 
atom to lose electrons, and negative valency as the power to gain electrons. 
He regards the combination between two atoms as involving a permanent 
transfer of one or more electrons from one atom to the other, the atom 
which gains electrons becoming negative, while the one which loses electrons 
becomes positive. The direction of the electric force between two atoms 
in a compound will then depend upon the direction in which the transfer 
has taken place. This assumption requires, as J. J. Thomson points out, 
that the bond should have direction. 

Thomson’s' conception of valency as a vector phenomenon has been 
developed at considerable length by Falk and Nelson, 2 and by Fry 8 in 
connection with some organic compounds and reactions. 

Thomson, and also Falk and Nelson, take some hypothetical free atoms, 
having no charges, then proceed to combine them and assume that an 
electron is permanently transferred. This would seem to be an inverted 
method of constructing a theory. We deal almost entirely with molecules, 
and know very little about free atoms, certainly not enough to postulate 
the existence of uncharged free atoms of elements like hydrogen and 
chlorine. The idea that a bond is formed by the permanent transfer of 
an electron, involves numerous difficulties, one of which is that the separate 
atoms in a compound should be charged. I know of no experimental 
evidence showing that portions of a saturated molecule are charged 
differently. The fact that many substances can be dissociated into op¬ 
positely chained atoms or groups does not prove that these atoms or groups 
are permanently charged in the same way when in the undissociated 
compound. 

1 "Corpuscular Theory of Matter/’ 

* School of Mines Quarterly, Columbia Univ., 33, 179, 980; This Journal, 33, 1637 
(1910). 

* This Journal, 36, 348 and 362 (1914)- 



1658 


vV^LLlAM C. ARSBM. 


There is a difficulty in accounting, on the basis of Thomson’s theory, 
for the existence of a hydrogen molecule made up of two positive atoms, 
or of a chlorine molecule with two negative atoms, and it is hard to see 
why two neutral atoms or two atoms having equal valency of the same sign 
should combine to form a stable molecule. In general, it seems as though 
binary elementary molecules should be incapable of existence on the basis 
of this theory. 

Bray and Branch 1 find difficulties in the application of Falk and Nelson’s 
conception of valency and introduce the ideas of polar and non-polar 
valency according to which an “electron passes completely or does not 
pass from one atom to the other.” 

Lewis* adopts their terms “valence number” and “polar number,” the 
former a pure integer, the latter a positive or negative integer, and assumes 
three types of chemical compound; the polar type, in which the electrons 
occupy fixed positions within the atom; the non-polar type, in which the 
electrons move freely from atom to atom within the molecule; and the 
metallic type, in which the electron is free to move even outside the mole¬ 
cule. He criticizes the structural formulas of Falk and Nelson and of 
Bray and Branch, showing that, in certain cases such as 
H —► O O <— H, 

they either have no meaning or that the atoms are not bonded together 
where the arrows have opposite directions. 

Some of the objections to Thomson’s theory and Falk and Nelson’s 
extension of it have been outlined in a recent article by Bates.* 

Stark’s theory 4 like Ramsay’s, assumes that chemical combination 
between two atoms represents “a simultaneous attraction of both atoms 
for the same electron, which thus forms a bond between them.” He 
supposes that a monovalent electropositive atom can be neutralized by a 
single valence-electron which is at an appreciable distance from the atom. 
The objection to this view is that it assumes that monovalent atoms in 
the free state may be neutral, whereas, to my knowledge, this has never 
been shown to be the case. 

Outline of the Theory. 

(a) Structure of Molecules .—Regarding molecules and atoms as systems 
of moving electrons, I shall treat valency as a consequence of the, relative 
stability of these Systems. An attempt will be made to apply the theory 
to explain certain phenomena, and to show that it is consistent with the 
observed facts. 

Considering the simple case of a binary molecule in which the at^ms are 

1 This Journal, 35,1440 (1913)* 

* Ibid,, 144B <1913). 

* This Journal 36, 789 (1914). 

4 Campbell's Modern Elect. Theory, and. Ed., March, 1913, 
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monovalent, the theory supposes that the molecule is a stable system 
composed in turn of two systems or sub-groups of moving electrons which 
we call atoms, the dynamic equilibrium being such that one electron 
oscillates periodically from one system to the other, and is common to 
both systems, neither of which is complete in itself. This oscillating 
electron I shall call the valence-electron, since this term has come into use. 

Although 1 speak of the valence-electron a 4 * oscillating, it might have 
any kind of motion such as revolution in an orbit or motion in a complex 
curvilinear path. It can be considered as forming a connecting link be¬ 
tween the two atoms, being an integral part of each atom in turn. 1 
have developed the theory as though each bond corresponded to i\ single 
valence-electron. It is, of course, conceivable that a group or system of 
electrons might perform the same function. 

Valency is the property, or power, which an atom possesses of sharing a 
certain number of electrons with one or more other atoms, in such a way 
that the atoms so united form a complete or perfect electron system which 
is electrically neutral. 

If a single valence-electron be assumed to be characteristic of a mono¬ 
valent union, unit valency of an atom or radical in a compound may be 
defined as the power or property of sharing one oscillating electron with 
another atom or radical. 

The hydrogen molecule, for example, can be represented as in Fig. 1, 
the black dot indicating the valence-electron, and the dotted line its path 
of oscillation. For convenience, the atoms in the molecule are represented 
as spheres in contact at a single point because, in the present state of our 
knowledge, this kind of a mental picture answers the purpose perhaps 
well as any other. Very probably the method of union is much more 
intimate than such a diagram indicates. The separate atoms may even 
lose their identity when combined to form a molecule as suggested by A. A. 
Noyes. 1 

It is evident that the molecule cannot be symmetrically divided into two 
equivalent parts. If it is divided, one of the atoms will retain the valence- 
electron, and the other will be without it, and the two ( will become op¬ 
positely charged ions. (See Fig. 18.) In an ion therefore, unit valency 
corresponds to an excess or deficiency of half an electron. 

A free hydrogen atom will, therefore, be either negative or positive, 
according as it does, or does not, retain the valence-electron, and its charge 
will be V* the charge of an electron, or e/2. (The symbol e, used in this 
paper for the charge of an electron, is not to be confused with the charge 
of a univalent ion, which I have denoted by e. The relation between these 
quantities is discussed below.) 

The hydrogen molecule can also be considered as two ‘‘partial atoms,’ 1 
1 Tra Journal, 30,351-2 (1908), 
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or “incomplete systems,” both positive, held together by a negative 
valence-electron, and thus forming a “complete” or perfect system. The 




Fig. i.—Hydrogen molecule. 

Fig. 2 .—Formation of hydrochloric acid. 
Fig. 3.—Chlorination of methane. 

Fig. 4.—Oxygen molecule. 

Fig. 3.—Dissociated oxygen, not ionized. 
Fig. 6.—Dissociated oxygen, ionized. 


Fig. 7.—Formation of zinc chloride. 

Fig. 8.—Formation of auric chloride. 
Fig. 9.—Formation of hydrochloric add. 
Fig. 10.—End form of acetacetic ester. 
Fig. u.—Keto form of acetacetic ester. 
Fig. xa.—“Free electrons" in metals. 
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structure of binary molecules of other monovalent elements, such as 
chlorine and bromine, should be exactly similar to that of hydrogen. 
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Fig 13.—Conduction in metals 
Fig. 14.—Ionized hydrochloric acid 
Fig. 13 —Polarized anode 
Fig. -x6.—Discharge of negative chlorine 
ions at anode, forming positive chlorine 


Fig. 17 —Ionized zinc chloride 
Fig 18 —Partial dissociation of hydrogen 
Fig. 19 —Complete diswiation of hy¬ 
drogen 

Fig 70 —Ionization of helium 
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Such a view of the relation of the atom to the molecule avoids the 
necessity of differentiating the elements as positive or negative (An ion 
may be positive or negative, but an atom in a compound has no sign) 
Its advantages will be illustrated by a few examples. 

A molecule of hydrochloric acid is composed of a “partial atom" of 
hydrogen and one of chlorine, held together by a valence-electron, and the 
synthesis of hydrochloric acid from hydrogen and chlorme may be repre 
sented as in Fig 2, the molecules of H 2 , Cl 2 and HC 1 having similar struc¬ 
tures 

A molecule of carbon tetrachloride is composed of a “partial atom” of 
carbon and four “paitial atoms’' of chlorine, held together by four valence 
electrons The substitution of hydrogen m methane by chlorine to form 
carbon tetrachloride takes place as shown in Fig 3. 

In this reaction, four “partial atoms” of chlorine exchange places with 
four “partial atoms” of hydrogen 

If considered apart from the valence-elcctrons, all atoms (partial atoms) 
will be positive 

A molecule of a divalent element, such as oxygen, containing two atoms, 
will have two valence-electrons, and may be represented as in Fig 4 
Such a molecule differs from one in which the atoms arc monovalent, for 
in this case the molecule can be divided so that each atom retains one of 
the valence-electrons 

\ molecule thus divided could be represented in either of two ways as 
in Fig s 

Each of tluse atoms is therefore electrically neutral, since it is at the 
same time positive by half an electron, and negative by half an electron 
We should expect, therefore, to find that some divalent elements are stable 
m the monatomic condition, and we know this to be the case with zme, 
cadmium and mercury. 

If we exclude dissociation phenomena, we may deduce from the theory 
the general principle that only the elements of even valency—that is, 
elements of groups o, 2, 4, 6, and 8 of the periodic system—should be 
capable of forming stable monatomic molecules 

A binary molecule of a divalent element will also have an alternative 
method of splitting, so that one of the atoms will have both of the valence- 
electrons (See Fig 6) In this case, each atom will have a double 
charge or 2 X «/*, one atom having the charge + e and the other the 
charge — t 

Comparing the chief theories of valency with my own, it will be seen 
that Ramsay and Stark each assume that the valence-electron is attached 
in some way to both the atoms which it joins, but do not ckum that it 
forms an integral part of each atom Moreover, Stark's valence-electron 
is at some distance from both the atoms which it joins, and does not enter 
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the atoms at all. J. J. Thomson, Falk and Nelson, H. S. Fry, and others 
assume that the valence-electron is permanently transferred in one or the 
other direction across the point of union of two atoms. My theory assumes 
that the valence-electron oscillates continually between the atoms which 
it joins and forms an integral part of each 

(b) Multiple Valency .—The valency of each element was at one time 
assumed to be constant, and in cases where two elements combined in 
more than one proportion, some of the molecular formulas were doubled 
to make them agree with the theory. This belief gradually lost ground, 
and it now appears to be generally admitted that most elements can exhibit 
multiple valency. Moreover, there is much evidence in support of the 
belief that in such cases the several valencies of an element will differ 
successively by two. This is in perfect agreement with the new theory, 
as will be shown 

Multiple valency may lx' explained by an example as follows if we 
assume that a free zinc atom has zero valency, then when zinc combines 
with chlorine, one of the electrons of the zinc atom must become a valence- 
electron. But since this electron must oscillate so that it is out ot the atom 
half of the time, another electron must be supplied to maintain equilibrium. 
This electron is supplied by the chlorine, the valence-electron which pre¬ 
viously held the chlorine atoms together in the chlorine molecule now serv¬ 
ing to unite the second atom of chlorine to the zinc. The reaction is illus¬ 
trated in Fig. 7. 

The net result of these changes is that the valency of zinc is increased 
from zero to 2. If another electron should become a valence-electron, the 
valency of the zinc atom would in the same way be increased to 4. An 
increase of valency, when it is originally odd , can occur in like manner, 
for instance, in aurous chloride, if another electron in the gold atom be¬ 
comes a valence-electron, the valency will be increased by two, as in the 
case of zinc, so that when aurous chloride takes up more chlorine, the 
trichloride is formed. (See Fig. 8.) 

The gold in aurous chloride can, therefore, be said to have a latent 
valency of two. 

It will be seen from the foregoing examples that the theory requires that: 

1. When an element exhibits multiple valency, the several values of 
the valency must differ successively by two. 

2. When an additional electron in an atom becomes a valence-electron, 
the valency of the atom must increase by two. 

3. A given element must have either even or odd valency consistently 
in all its compounds 

(c) Valency Relations \n the Periodic System .—On the basis of this 
theory, it seems reasonable to assign valencies in the periodic system as 
follows. 
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Group o No valency, or even valency 

Groups 2, 4, 6, 8 Even valency 

Groups i, 3, 5, 7 Odd valency 

Many of the compounds whose molecular formulas are known with 
certainty, agree with this classification, but there are a number of elements 
which form compounds of two types, the \ alenty being apparently odd 
m one and even m the other if we represent these compounds b> the 
simplest possible formulas which will correspond with the percentage 
eomposition, but which agree with the theory if tlic simple formulae of 
the compounds of one type are doubled As the theory indicates that the 
valency of a given element should remain consistently odd or even m all 
its compounds, it becomes necessary in these cases to know the molecular 
weights of the compounds m question, m order to determine the correct 
molecular formulas Among these apparent exceptions are the salts of 
copper and mercury, which will be especially discussed 

The helium group includes those elements, the atoms of which are 
“complete” or perfect” electron systems and which are, therefore, capable 
of existing in the free or uncombined state, showing no tendency to form 
doubled systems 

If the elements of this group showed any tendency to combine. with 
others, we might expect combination to occur with elements having even 
valency, most readily perhaps with those which normally occur m the 
monatomic state such as mercury, zinc and cadmium, and less readilv 
with other elements ol even valcnc\ It is therefore an interesting fact 
that Cooke 1 has found some evidences of the <ombination of argon with 
zinc, mercury and selenium, and of helium with cadmium, mercury and 
selenium 

In Group i, in which the theory requires that the valency should always 
be odd, we have the alkali metals, copper, silver and gold The alkali 
metals appear to be univalent in all compounds, at least no difficulty arises 
from this assumption Gold is either monovalent or trivalent 2 
Sliver seems to be monovalent in all its well known compounds Silver 
iodide occurs in two allotropic forms which might correspond to any 
two of the formulas Ag I, Ag ss I, Ag I = I-Ag 
Copper, however, offers some difficulties Cuprous chlonde, in the vapor 
state, has the formula CuaCU, according to Blitz and V Meyer* and V 
Meyer and C tyeyer, 4 while Werner 6 found that the formula was CuCl 
in organic solvents, and the same was found by Rugheimer and Rudolphi 4 

1 2 phystk Chem , 55, 537 <1906) 

* Pope and Gibson Trans Chem Sor , 91, 2061 (1907) 

* Blitz and C Meyer Ibid , 22, 725 (1889) 

4 V Meyer and C Meyer, Ihtd , xa, 609 1112 1185, 129a (1879) 

* Werner, Z anerg Chm , 15, 365 (1897) 

* Rugheimer and Rudolphi, Arm , 339, 311 (190$) 
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in solutions of cuprous chloride in fused bismuth chloride and by Beck¬ 
mann and Gabel, 1 using quinoline as solvent. 

The formulas for cuprous chloride in these two forms can be written • 

Cu — Cl or Cu — Cl = Cl - Cu 2 
copper being monovalent in both cases. 

Cl = Cl 

or | | or Cu=sCl 

Cu -- Cu 

m which copper is trivalent. (Two of these* types may exist as allotropic 
modifications.) 

In cupric chloride, however, the usual formula, CuCl 2 , would require 
that the valency of copper should be even, if that of chlorine remains odd, 
so that to make this compound conform to the new theory, which indicates 
that copper should have odd valency, the formula must be doubled, which 
may be done in various ways. 

Cl Cl Cl - Cl 

11 11 

Cu— Cu Cu—Cu 

II II 

ci a ci = ci 

There seems to be 110 evidence to support any of these formulas, but on 
the other hand, no definite experimental evidence was found to show that 
copper is ever bivalent, and we shall have to await the determination of the 
molecular formula of some cupric compound before we are able to decide 
the question. 

On the basis of this theory, cupnc compounds should have the general 
formula CujX 4 in the undissociated state, if the valency of copper is odd. 

In the second group, which should exhibit even valency, no special 
difficulties are encountered until we come to mercury. In mercurde¬ 
compounds there seems to be little doubt that the mercury is divalent, the 
best evidence being the formation of compounds of the type HgX 2 with 
the organic radicals. In regard to mercur out compoqnds, there appears 
to be some doubt still, although much work has been done on the constitu¬ 
tion of mercurous chloride. It was at one time supposed, on the basis of 
vapor density measurements, that calomel had the formula HgCl, but it 
was later shown that on vaporization the salt was decomposed into HgCl 2 
and Hg, which gave a vapor density corresponding to HgCl. Baker,* 
however, showed that calomel vapor in the absence of water had the formula 
HgiCl*. 

1 Beckmann and Gabel, Z. anorg. Ckem , 51, 536 (1906). 

* J Newton Friend, “Theory of Valency/* p 61 (1908) 

* Baker, Trans Chem . Soc , 77, 646 (1900). 
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With only these data, mercury in calomel can be represented as either 
monovalent 1 or divalent 

Hg — Cl * Cl — Hg or Cl — Hg — Hg — Cl 

(I) (II) 

I am of the opinion that mercury in calomel is divalent and that the 
formula of calomel should be written 

(HI) 

This formula would easily account foi the decomposition of Hg 2 Cl 2 mto 
HgCl 2 and Hg, as an atom of mercury simply splits off, leaving IlgCl 2 , 
according to the equation 

Hg^f^>Hg Hg+ jp>Hg ^or ^>Hg^ 

Moreover, a molecule of Hg 2 Cb constituted according to Formula III 
could not readily split into 2 HgCl, which again agrees with experimental 
results 

There is, however, no evidence yet which will decide this question, but 
it may be said that our apparent inability to prepare mercurous salts or 
organic derivatives of the type HgX where X is a monovalent element or 
radical, is presumptive evidence that mercury does not have unit valency, 
and that we arc justified in considering mercury no exception to the theory 

The other groups could be discussed in the same way and apparently 
show no special contradictions to the theory In cases such as the halogen 
salts of gallium and indium, in which the evidence showing that the valency 
of the metal may be both odd and even, rests on vapor-density measure¬ 
ments, I think, m view of the work of Baker on mercurous chlonde, that 
more remains to be done, before we can accept formulas denved m this way 
as evidence against the theory 

Applications of the Theory. 

(a) Mechanism of Reactions —Let us consider a simple reaction, 
such as the combination of hydrogen and chlorine Reaction occurs only 
during collisions, or when the molecules come within a certain distance of 
each other, and ma> be conceived to occur m either of two different ways 

(1) The valence-electrons in two adjacent molecules may simultaneously 
shift their positions to form the new compound The method by which 
the shifting could take place is illustrated m Fig 9, a, b t and c 

Fig. 9a shows a hydrogen molecule with the valence-electron in the 
middle of its path of oscillation, and also a chlorine molecule of exactly 
similar structure In Fig. 9b the valence-electrons are at opposite ends of 
1 J N Friend, “Theory of Valency, p 67 (1908) 
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their paths, so that each hydrogen atom is adjacent to an oppositely charged 
atom. If the valence-electrons are in this relative position at the moment 
when a collision occurs, conditions are very favorable for combination, and, 
since hydrogen chloride is a more dynamically stable electron system than 
either hydrogen or chlorine, the valence-electrons will oscillate in new paths, 
as in Fig. 9 c, thus forming the new compound, HC 1 . 

The position illustrated in Fig. 9 a is not the only one favorable for re¬ 
action, since any position in which both atoms of a chlorine molecule are 
in contact with the corresponding atoms of a hydrogen molecule would be 
favorable. Not every colliding pair of molecules will, at the instant of 
collision, be in the position most favorable for reaction, hence the number 
of collisions resulting in chemical combination would be only a certain 
percentage of the whole number of collisions. 

The increase in the rate of reaction caused by raising the temperature 
would be due to an increase in the number of collisions per second. The 
increase in the reaction rate caused by light is perhaps due to a sort of 
polarization of the molecules which arrange themselves in similar positions 
along the direction of the light rays, or the valence-electrons may be 
constrained to move in a particular way which favors reaction dui mg col¬ 
lision. 

(2) Another explanation of the mode of reaction is the following: a 
certain number of the collisions between the molecules of a gas may result 
in dissociation, and in a mixture of hydrogen and chlorine the ions or 
partial atoms thus produced would recombine to form HC 1 . On this view, 
the effects of heat and light are merely to increase dissociation; the former 
by increasing the velocity, and hence the collision rate; and the latter by 
influencing the motion of the valence-electrons within the molecules. 

A chemical reaction, then, is nothing more than the readjustment of 
the paths of oscillation of valence-electrons between the atoms of contiguous 
molecules. 

(6) Tautomerism .—On this theory the “wandering” of hydrogen in 
an organic compound, and the equilibrium between tautomeric substances* 
can be explained as a special kind of chemical reaction. As an example 
take the case of acetoacetic ester. This substance exists in two forms— 
the enol form: 

CH, — C(OH) = CH — COOCjHfi 

and the keto form: 

CHiCO — CH a — COOCjH* 

Writing these formulas with the valence-electrons indicated we have for 
the enol fbrm, Fig. io, and for the keto form Fig. n. In the enol form 
the hydrogen of the hydroxyl group, and perhaps the hydroxyl group itself, 
has a certain freedom of motion, and at some particular instant the molecule 
will have the configuration shown in Fig. 10, in which the hydrogen is 
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nearly in contact with the a-carbon atom. If now a readjustment of the 
motions of the valence-electrons should occur as indicated by the small 
arrows, so that the hydrogen becomes attached to the a-carbon atom, 
and the oxygen attached to the / 3 -carbon becomes double-bonded, we should 
have the keto form, Fig. n. 

The reverse transformation could be explained in a similar way. Ac¬ 
cording to this view, the wandering of hydrogen is simply a change of path 
of certain valence-electrons in the molecule. Other types of tautomerism 
could be explained similarly. 

(c) Conduction in Metals .—Consider a solid mass of silver, and assume 
that its molecules are diatomic, two atoms of silver being connected by a 
single oscillating valence-electron. 

If two molecules are close together we may conceive that a species of 
chemical reaction may occur, involving a shifting of valence-electrons, and 
forming new molecules as in Fig. 12. 

If we consider a constant shifting and oscillation of valence-electrons to 
be taking place in this way in a mass of metal, we have an explanation of 
the freedom of electrons, upon which the conductivity of a metal is supposed 
to depend. According to this view, the number of “free” electrons will 
be of the same order as the number of molecules in unit volume, but the 
time that the electrons are actually free may be very small or zero. When 
a potential difference is applied to a piece of metal, the electrons are con¬ 
strained to drift in one direction, and we have an electric current. 

The way in which the electrons may drift in one direction in an electric 
field, while still functioning as valence-electrons is illustrated in Fig. 13, 
in which a chain of molecules is shown in five successive conditions. 

In position A each of the molecules 1-2,3 4. 56 and 7- 8, has its valence- 
electron at the point of contact between the atoms as shown. In position B, 
the valence-electrons have moved toward the positive pole, and the atoms 
have become ions of opposite signs. The ions 1,3,5, aud 7 are positive and 
drift toward the negative pole, or to the left in the diagram, while the ions 
2, 4, 6 and 8 are negative and move to the right. The mean free paths of 
these ions are very short, and the ions 2 and 3 very soon come together 
as in C; and the valence-electron of 2, which continues to drift to the right, 
becomes the bond of the molecule 2-3. The other pairs of ions in the 
same way form the new molecules 4-5, 6-7, etc. 

The motion of the valence-electrons toward the positive pole continues 
and we soon have the condition shown in D, in which the atoms 1, 3, 5 
and 7 have now become negative ions, and started to move toward the 
positive pole. Finally, we have the condition shown in E, which is the 
same as in A except that the valence-electrons have each advanced a cer¬ 
tain distance. 

We see, therefore, that the electrons do not really have to be “free,” 
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in the sense of being outside of the molecules, in order that a substance 
should conduct. It is only necessary that their direction of movement 
be brought under control. 

We have now gone through a complete cycle of changes in which each 
electron has moved toward the positive pole a distance equal to twice the 
diameter of an atom plus the mean distance between two molecules, and at 
the same time each atom has moved half the distance separating two 
molecules and back again. 

Thus, a directional drift of the valence electrons is accompanied by an 
oscillation of the atoms, and we can construct on this basis a more or less 
clear mental picture of the thermal phenomena accompanying the flow of 
electric currents in metals. 

An electron t ably encounters little or no resistance to its motion 
while inside of, forming part of an atom, so that electrical resistance 
is due mainly U e molecules not being in contact, and thus being obliged 
to oscillate in 01 to allow a drift of the electrons in the manner illustrated. 
Cooling a meta wers its resistance by bringing the molecules closer to¬ 
gether and reducing the amplitude of oscillation of the atoms. At ab¬ 
solute zero, when there is no motion of the atoms, and they are very close 
together, the electrons can move in approximately straight line- without 
hindrance and the conductivity is very high. 

Alloys present some interesting phenomena. If compounds are formed, 
the molecules are unsymmetrical and are consequently less often in posi¬ 
tions favorable to an interchange of electrons, which presumably will 
seldom occur, except when the new molecules formed by the reaction are 
like the original ones. The small percentage of opportunities for the trans¬ 
fer of electrons, causes such an alloy to have a high resistance. The more 
complicated the molecule is, the higher the resistance should be. If the 
constituent metals form no compound, the conductivity of the alloy 
should be quite high, and should correspond approximately to that cal¬ 
culated from its composition. 

The small temperature coefficient of resistance of alloys may be ex¬ 
plained as follows: 

The metallic compound dissociates with rise of temperature so that the 
alloy is a mixture of pure metals and a compound of them. As the tem¬ 
perature rises, the composition approaches that of a mixture of the two 
pure metals, vhich has a lower resistance than that of the compound. 
At the same time the resistances of the pure metals themselves are in¬ 
creasing, and this opposes the diminution of resistance due to dissociation, 
80 that the net rate of change may be very small. 

(d) Association .—Association may be defined broadly as a combination 
of two or more molecules to form a single complex molecule. In a general' 
way, it includes not only the formation of complex molecules from organic 
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hydroxyl compounds, the addition of water to salts a & water of crystalliza¬ 
tion, the addition of halogen hydrides to ethers to form oxonium salts, 
all of which probably involve an increase in the valency of oxygen from 
two to four, but also the formation of double salts by the union of two or 
more single salts. The increase of valency can take place as illustrated 
in the cose of formation of ZnCl 2 from Zn and Cl 2 , or of AuCls from AuCl 
and Cl*. 

The formation of “intermediate compounds" or addition products during 
a chemical reaction can be readily explained by assuming that extra 
valencies are momentarily brought into action to form unstable associated 
molecules. 

(e) Dissociation and Conduction in Electrolytes .—Consider a solution of 
a simple binary compound; for example, hydrochloric acid. In aqueous 
solution the molecules are, according to the electrolytic dissociation theory 
of Arrhenius, largely dissociated into positive hydrogen ions and negative 
chlorine ions. These are considered to differ from the ordinary atoms 
only by being charged. When the charges are given up at the electrodes 
during electrolysis, the ions become converted to uncharged atoms. The 
electrolytic dissociation theory is somewhat vague as to the origin of the 
charges on the ions, as well as to the mode by which molecules are formed 
from uncharged atoms at the electrodes. 

According to the new theory, the dissociation of the molecule is a division 
in such a way that the valence-electron forms part of the negative ion, 
while the positive ion consists of a partial or incomplete atom, as shown 
diagrammatically in Fig. 14. 

The charge of a monovalent ion would therefore be e/2, or half the 
charge of a single free electron, while the charge of a divalent ion would be 
e, etc. 

Omitting, for the present, any speculation as to the primary cause of 
dissociation, the explanation of the phenomena at the electrodes is as 
follows: 

The current in the hydrogen chloride solution consists of a stream of 
chlorine ions moving to the anode, and of hydrogen ions moving to the 
cathode. In order that molecular hydrogen may be formed and set free 
at the cathode, one electron must be supplied to every pair of hydrogen 
ions arriving at the cathode, and this is supplied from the stream of elec¬ 
trons which constitute the current in the wire leading to the cathode, thus 
liberating molecular hydrogen. At the anode, very similar phenomena 
occur; every pair of chlorine ions reaching the anode must lose one electron 
in the process of forming molecular chlorine, this electron passing into the 
conducting wire . 1 - 

The process of discharging ions at the electrodes and forming neutral 
1 Compare P. Achalme, Com pi. rend., 154, 647-99 (1912). 
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molecules should be capable of explanation in such a way as to make clear 
the nature of polarization and of decomposition voltage, neither of which 
have yet had a wholly satisfactory explanation. 

The following is an explanation of these phenomena by the new theory: 
In a hydrochloric acid solution the negative chlorine ions move toward 
the anode and, if the voltage is not too high and the material of the anode 
does not combine readily with chlorine, the surface of the anode soon be¬ 
comes covered with a molecular layer of these ions, and is said to be polar¬ 
ized. To discharge these ions, the potential differflice at the electrode 
must be great enough to pull the valence-electrons away from the atoms. 

If a potential greater than this value (commonly called the “electrode 
single potential”) be applied, the negative chlorine ions give up their 
valence-electrons, which then pass off into the wire leading from the anode, 
and the negative chlorine ions, upon losing valence-electrons, according to 
the theory become positive ions. The positive chlorine ions thus produced 
would immediately begin to move away from the anode, and would soon 
combine with approaching negative chlorine ions to form neutral molecules 
of chlorine gas. 

At the surface of the anode during electrolysis, there would be a layer 
of ions undergoing a change of sign from negative to positive, w:nle, at a 
short distance away from the surface of the anode, there would be an ad¬ 
vancing layer of negative ions, and between them a reaction zone where 
neutral molecules are formed. 

The phenomena at the cathode would be quite similar 1o those at the 
anode. 

Fig. 15 shows a polarized anode covered with a molecular layer of nega¬ 
tive chlorine ions. 

Fig. 16 shows an anode at which the potential is high enough to remove 
electrons from the negative ions, and shows positive ions moving away 
from the electrode just after losing electrons, also a molecule of Cb es¬ 
caping. 

The electrode single potential depends on the nature of the electrode 
material, and will be the algebraic sum of the potential representing the 
attraction of the electrode material for electrons, and of the force necessary 
to remove an electron from a negative ion at the anode, or to add an elec¬ 
tron to st positive ion at the cathode. 

Just as many electrons are passing into the solution at the cathode as 
there are leaving at the anode. Thus, the theory of the mechanism of 
conduction in electrolytes is in complete harmony with the theory of a 
current in a metallic conductor as a stream of electrons. 

Let us now consider the special case in which the “positive” element of 
the compound forms monatomic molecules. If we take zinc chloride for 
an example; the salt, in solution dissociates as follows: 7 , nCl* «= Zn + 2CI 
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so that we have a divalent positive zinc ion and two negative chlorine ions, 
the valence-electrons remaining with the chlorine ions. At the anode, the 
chlorine ions combine in pairs to form chlorine molecules, and, for each 
molecule which is formed, one valence-electron is set free and passes into 
the metallic circuit. At the cathode the conditions are somewhat different. 
Each zinc ion has a double charge (2 X c/2 » e) and hence requires one 
electron to convert it into a neutral atom. Each zinc ion, therefore, 
receives one electron at the surface of the cathode and becomes free 
metallic zinc in the monatomic state. If zinc in the free state were di¬ 
atomic, then two zinc ions would unite with two electrons and form a 
binary molecule. 

(/) Dissociation and Conduction in Gases .—In an undissociated gas, a 
free and continuous interchange of electrons between molecules, as in a 
metal, is impossible, because the molecules are too far apart, so that a gas 
or vapor is ordinarily non-conducting unless free ions are produced in it 
by ROntgen rays, ultraviolet light radiation from radioactive substances, 
or an electrostatic field. 

Consider the ionization of a simple binary gas molecule, such as that 
of hydrogen. According to the new theory, two kinds of dissociation are 
possible, which I shall call partial and complete dissociation. 

(а) Partial dissociation. The molecule can split into two “atomic 
ions,” the positive ion being a “partial atom” without the valence-electron, 
and the negative ion being a partial atom with the valence electron. A 
hydrogen molecule which has undergone partial dissociation in this manner 
may be represented as in Fig. 18. 

The charges on these atomic ions will be + e/2 and — e/2, respectively, 
if e is taken as the charge of a single free electron. 

(б) Complete dissociation. The molecule can split into three ions, 
the two “partial atoms” of hydrogen becoming positive atomic ions, 
each having a charge of + e/2, while the valence-electron becomes a nega¬ 
tive ion with the charge — e. A molecule dissociated in this way can be 
represented as in Fig. 19. 

What determines the type of dissociation which takes place when a 
gas is ionized? A somewhat analogous case is that of the dissociation of 
a dibasic add in aqueous solution which forms first a single hydrogen ion, 
and a complex negative ion, which is itself further dissodated in more dilute 
solutions, both types obeying the law of mass action. 

If we assume that a gas under the influence of an ionizing agent is sub¬ 
ject to laws of equilibrium similar to those that apply to an electrolyte 
which is being ionized by the dissodating agent, water, the line of reasoning 
is as follows: 

The two types of dissodation may be represented as reversible reactions, 
thus 
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+ He' 

HeH H’ + H' + t* 

The nature and extent of the ionization produced in a gas when it is in a 
steady state, under the influence of an ionizing agent, will depend upon the 
frequency with which collisions causing recombination occur, that is, upon 
the pressure of the gas. At extremely low pressures, dissociation should 
be complete and the negative ions should consist of electrons only, while 
at higher pressures partial dissociation will predominate, and the ions will 
be mostly “atomic ions” 1 of both signs. 

Experimental evidence shows that positive and negative ions in a gas 
differ in size and that this difference becomes much greater for low pressures 
of the gas, and that at low pressures the negative ion is identical with the 
electron. The change in size of the negative ion is quite marked at 10 mm. 
pressure. The positive ion is always atomic in size, even at a low pressure 
of the gas. 

The commonly accepted theory seems to be that at high pressures the 
negative ion is an electron to which a cluster of molecules has become 
attached, and that at low pressures the electron sheds the clusters, and the 
difference in size and velocity is supposed to be explained in this way, but 
I believe that the above explanation agrees with the facts just as well. 

At moderate pressures, therefore, according to our theory, there should 
be, in an ionized gas, two kinds of negative ions, viz., “atomic ions” and 
electrons, and consequently the experimentally determined .values of 
e/m for the negative ion, being average values for all the ions present, 
should vary with the pressure of the gas between certain limits, which for 
hydrogen would be 1.7 X io 7 and io 4 (electromagnetic units). The 
charge on a gaseous ion should also appear to be a variable depending on 
the pressure, if determined from measurements on a large number of ions 
at once, as is done by the “cloud method/’ 

At moderate pressures the velocities of positive and negative ions are 
found experimentally to be nearly equal. This agrees with the theory, 
since the two kinds of “atomic ions” should have the same mass. Since, 
however, a certain proportion of the negative ions will be electrons, with 
much higher velocity than the atomic ions, the average velocity of the nega¬ 
tive ions should be somewhat greater than for the positive ions. Here 
again, experimental results agree with the theory. 

Any element having odd valency should, in the gaseous state, show a 
perceptible increase in electrical conductivity when dissociated by heat, 
because the free atoms must necessarily be charged. 

The elements of the helium group, which occur in the free state in the 

1 For the sake of dearness, the term "atomic ion" is proposed, to distinguish such 
ions as H* and He' from electrons. 
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uncharged monatomic condition, would be expected to become divalent if 
ionized. Rutherford and Geiger’s value of 9.3 X 10“ 10 E. S. U. for the 
charge on an a-particle is approximately twice Millikan’s value for the 
unit ionic charge, and agrees with the theory. A neutral helium atom by 
losing a single electron would become a positive ion with a double charge 
(See Fig. 20), and vice versa , when an a-particle gains an electron it becomes 
an uncharged helium atom. This probably occurs during many radio¬ 
active changes. 

(g) The Charge and the Apparent Mass of an Electron. —The charge on 
a negative ion in a gas at moderate pressures has been determined many 
times and in many different ways, but the charge on an electron has not 
yet been measured. It is commonly, but without warrant, assumed that 
the two are equal, and many workers who have determined simply the 
charge on a gaseous ion use the term ionic charge , unit charge , and electron 
charge as though they were synonymous. Some confusion exists because 
the same symbol is used both for the ionic charge and the electron charge, 
but, since these quantities are not known to be equal, I would urge that 
the symbol e be used only for the charge of a single free electron. 

My theory seems to require that the charge of an electron should be 
twice as great as that of an univalent ion, or if the electron charge be taken 
as a unit and represented by the symbol e, the charge of a univalent ion 
will be e/2, or half the unit charge. Taking Millikan’s value 1 for the 
ionic charge , e, we should have for the electron charge, 2 X 4.774 X 10“ 10 

* 9-54® 5 < *o~ 10 E. S. U. 

This point has an important bearing on the value of the apparent mass 
of an electron, which is usually calculated from the following considerations: 
t/tn for cathode rays (free electrons) = 1.7 X io 7 
E/M for hydrogen ions in electrolysis *= io 4 
Now the relation of m to M depends on the relation of t to E. The mini¬ 
mum charge on a negative ion in a gas at ordinary pressure seems, beyond 
doubt, to be equal to the charge on a hydrogen ion in electrolysis, but 
J. J. Thomson,* assumes that the charge on a cathode-ray particle (cor¬ 
puscle) is equal to the charge on a negative gaseous ion, and that, therefore, 
€ * E which leads to the result that m « 1/1700 M. According to ray 
theory E * «/2, hence 2 E/M . m/% * 1/850, or m =* 1/850 M. 

We have the flowing values: 

t, the electron charge =* 9.548 X io~ 10 E. S. U. 

e , or E, the univalent ionic charge ** 4.774 X io~ 10 E. S. U. 

w, the apparent mass of an electron in cathode rays = 1 65 X io~* 4 /850 

* 1.94 X io~* 7 gram. 

1 Phys. Pee., [2I a, 109-43 (1913). 

* “Conduction of Electricity through Gases,” and Ed., p. Ida 
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Summary. 

The theory assigns to the “bond” a physical meaning, the oscillating 
valence-electron; and this idea is shown to be in harmony with recent 
theories of the structure of matter. It explains a number of phenomena 
in a fairly satisfactory way. 

Valency is the property or power which an atom possesses of sharing 
a certain number of electrons with one or more other atoms in such a way 
that the atoms so united form a relatively stable, electrically neutral 
system. 

The valence-electrons oscillate periodically between the atoms which they 
unite. 

Valency is, therefore, a purely mechanical result of the dynamic relations 
l>etween molecules and the atoms of which they are composed. 

The valency of an atom in a state of combination with other atoms is 
simply a numerical quantity, neither positive nor negative, but the valency 
of a radical or an ion may be positive or negative. 

Explanations are given of the mechanism of chemical reactions, tau- 
tomerism; conduction in metals; association; dissociation and conduction 
in electrolytes and gases. The following deductions from the theory arc 
made: 

Uncharged free atoms can exist only when the element belongs in an 
even group of the periodic system. Free atoms of elements of odd valency 
can exist only as ions having charges which are odd multiples of the unit 
tonic charge. 

Elements belonging to odd groups of the periodic system will have odd 
valency, while elements of even groups will have even valency. 

Valency varies in steps of two, being always even or always odd for the 
same element. 

The unit electric charge or the charge of an electron is twice the ionic 
charge or 9.548 X io~ 10 E. S. U. 

The apparent mass of the election in cathode rays is 1/850 of the mass 
of a hydrogen atom. 

Rkrkarch Laboratory op the General Uleciric Co , 

Schenectady, n Y 

THE CHEMICAL SIGNIFICANCE OF CRYSTALLINE FORM. 

By William Barlow and William Jackson Pops 
Received January 5 , 1914 . 

In a recent paper, 1 Professor Theodore W. Richards criticizes adversely 
the work which we have done on the relationships existing between crystal 
structure and chemical constitution and arrives at the conclusion that 
many of our arguments are fallacious and that our theoretical deductions 
must be rejected. We welcome this criticism, not only because of its 
1 This Journal, 33* 381 (1913)* 
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studied impartiality and its appreciation of the questions at issue, but 
also because it furnishes us with an insight into the sort of difficulties 
which the chemical reader is likely to encounter in studying the somewhat 
complex geometrical and crystallographic problems involved. As we 
are not in agreement with Richards’ presentation of our position (p.383) 
we may be permitted to state our own case. 

We make the following brief statement of the position attained by the 
study of crystal structure before either party commenced work upon it, 
previous to discussion whether Professor Richards’ criticisms of our mode 
of treating the subject are legitimate and comparing the fecundity of our 
mode of treatment with that of his method. 

All the properties of crystalline solids harmonize with one simple as¬ 
sumption as to the manner in which the parts of the structure are arranged; 
this assumption is that the structure is a geometrically “homogeneous” 
one, namely, a structure the parts of which are uniformly repeated, corre¬ 
sponding points having a similar environment throughout the assemblage. 1 
The determination of the number of types of homogeneous structure, 
including all possible arrangements of points in space, was definitely com¬ 
pleted before the publication of the first paper above mentioned. The 
230 types recognized, distinguished from one another by the different 
modes of repetition of their parts, are found on examination to fall under 
32 classes of crystal symmetry discriminated by the crystallographer. 
The limitation of the possibilities of solid crystalline arrangement to 230 
types obviously marks but one stage in the determination of crystal 
structure and throws no direct light on the relationship which exists be¬ 
tween crystal structure and chemical constitution; the conception of the 
closest-packing of the atoms, introduced at a later date, is not a factor 
in the purely geometrical problem of determining the variety of types of 
arrangement described. 

Regarding the geometrically homogeneous character of crystalline solids 
as proved, it follows that the units of any particular solid crystalline sub¬ 
stance must be regarded as centered at the points of a homogeneous point- 
system of one of the 230 types. We conclude, further, that all identically 
similar atoms present in a crystalline assemblage of molecules must be 
conceived as centered at the points of some such homogeneous point- 
system, or systems. The structure of a crystalline compound is thus 
to be regarded as built up of a number erf interlaced, congruent point- 
systems, the points of each component system being the centers of one 
particular set of the component atoms. The number of component 
point-systems is thus the same as the number of kinds of atoms, distin¬ 
guishable materially or by position, contained in the chemical molecules 
of which the substance is composed. 

1 Compare Barlow and Pope, /. Chem. Soc., Bp, 1676 (1906). 
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So far we have dealt with conclusions which have been long accepted 
or with such .simple deductions from those conclusions as will hardly pro¬ 
voke dissent; proceeding from these conclusions as a basis, we now describe 
our method of attacking the problem involved in the relation between 
crystal structure and chemical constitution. 

We make the fundamental assumption that the crystal structure affected 
by a substance is an equilibrium arrangement of the atoms composing 
the material, each atom being regarded as a center of opposing and at¬ 
tractive forces of the nature of kinetic repulsion and gravity attraction; 
the particular set of intercalated point-systems representing a specific' 
crystalline solid is thus an equilibrium arrangement of the forces resident 
in the component atoms, one atom being centered at each knot of the 
set in point-systems. The condition thus conceived may be easily visu 
alized in connection with the crystalline form of a monoatomic element, 
in which, presumably, all the component atoms are identically similai 
and are similarly placed with respect to the crystal structure. The crys 
talline condition of such an element is to be regarded as one of equilibrium 
between forces of attraction and repulsion emanating from, or referable to, 
a single flock of points homogeneously arranged in space, namely, of points 
of a single homogeneous point-system; the consideration of this simple 
case reveals the need of a method for determining what is the equilibrium 
arrangement of the flock of Boscovichian points exercising identical 
mutual influence. Our method of solving the problem thus presented 
introduces the conception of closely packed spheres of influence above 
referred to; it assumes that the forces present obey some inverse distance 
law operating similarly and uniformly in every direction from each similar 
center and treats the influence exerted by other centers immediately 
surrounding any selected center as so much greater than the influence 
exerted by centers further removed that their influence may be regarded as 
negligible. 

The equilibrium arrangement of the set of points thus similarly en¬ 
dowed with kinetic energy and attracting each other with a force of the 
gravity kind, will, according to the conception referred to, be that homo¬ 
geneous arrangement which, with a given density of distribution of the 
points, gives a maximum distance between nearest points. 

Since the points are equidistant, equal spheres can be described with 
centers at these points of such a magnitude as to be in contact; it can 
be shown that, with a given density of distribution of the points, a maxi 
mum distance between nearest points and consequently a maximum volume 
for the spheres, or, in other words, closest-packing of the spheres, will 
be presented when each sphere of the assemblage, regarded as indefinitely 
extended, is in contact with twelve others. Two different kinds of ar¬ 
rangement of twelve spheres about a single sphere are, however, equally 
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available for this; the prescribed homogeneity of arrangement can be 
achieved with either of these kinds present alone or with a symmetrical 
intermixture of them. 

Of the two closest-packed homogeneous assemblages in which one or 
other of these two kinds of arrangement is alone present, one has cubic 
symmetry, and is represented in (Fig. 1) while the other (Fig. 2) possesses 
hexagonal symmetry. 


% \ ' 
% % ’ %: 

% " tv 



Fig. 1. Fig 2. 

If, in each of these two assemblages, tangent planes are drawn at all 
the points of contact of the spheres, each sphere becomes enclosed in a 
circumscribing 12-faced polyhedron. As a result of the operation of the 
inverse distance law the surfaces of the polyhedra thus derived mark the 
boundaries of the domains of predominant influence of the individual 
atoms, each point in space experiencing under this law predominant influ¬ 
ence from the atomic center nearest to it. Points on the boundary planes 
of the polyhedral cells are equidistant from two or more centers. 

Of the elements which have been crystallographically examined, 
50% are cubic and 35% are hexagonal; we have suggested that the crystal 
structures of these# 85% of the elements are represented by the two closest- 
packed assemblages just described, or by some very simple combination 
of them. We have also shown that the remaining elements, which crys¬ 
tallize in systems of lower symmetry, present crystallographic peculiarities 
which lead to the conclusion that their crystal structures are represented 
by slight distortions either from cubic or from hexagonal symmetry; 
we have also indicated that this distortion may be the geometrical const- 
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quence of the aggregation of atoms to form polyatomic molecules and, 
m the case of carbon, have shown that a slight distortion of the hexagonal 
assemblage, which might be caused by atomic aggregation, would account 
for the crystalline form of graphite and for the oxidation of this allotrope 
of carbon to mellitic acid. We have also pointed out that the crystalline 
form of an element which departs from the simple cubic or hexagonal 
type of symmetry is always colored while those modifications which con¬ 
form to the two simpler types of symmetry are in general colorless; thus, 
the colorless diamond and ordinary phosphorus are cubic, while the black 
graphite and red phosphorus are respectively monosymmetric and ortho¬ 
rhombic. 1 

A perusal of our published papers will show that the correspondence 
between the assemblages which have been constructed and the crystalline 
forms of the elements is of a highly quantitative character. But probably 
Richards will agree with us in this part of our work, since he, like our¬ 
selves, is prepared to refer the departure from the symmetry of the two 
simple forms of assemblage above described, which are presented by about 
15% of the elements, to a modifying effect traceable to the formation of 
groups or atomic aggregates; in view, however, of the detail in which we 
have discussed the subject, his suggestion that we “do not seem to have 
attached quite enough weight to the fact that elements are not always 
necessarily composed of monatomic molecules” (p. 387), appears of ob¬ 
scure applicability. In any case the validity of our valency volume law 
does not come into question with a crystalline element and when Richards 
says “it appears that the theory of compressible atoms explains the crys¬ 
talline form of the cubic and hexagonal elements as well as Barlow’s 
and Pope’s theory” (p. 388) we do not know what theory, as distinct 
from our own, he can have in mind. 

It will have been seen that we allot to each atom present in crystalline 
structure, a point, which may be taken as representing the center of 
gravity of the atom, and a plane-faced polyhedral domain, termed the 
sphere of atomic influence, which on our conception of equilibrium repre¬ 
sents the region over which its centered atom exerts predominant influence 
by reason of its attractive and repulsive forces. Prof: Richards has well 
indicated our relative positions by the following statement: 2 “the so-called 
‘ sphere of influence* of the atom is the actual boundary by which we know 
the atom and measure its behavior. Why not call this the actual bulk 
of the atom?** In accordance with this idea, Prof. Richards translates 
our term “sphere of atomic influence” by “volume of the atom” or by 
“compressible atom.” These several terms are, for his and our purposes, 

1 Proc, Roy. Soc. (Dublin), 8 , 335 (1897); /. Ctem . Soc ., 91 , 1159 (1907); ^hid., 89 , 
1741 (1906); Reports Chem. Soc., 5, 270 (1908). 

* Richards, “The Faraday Lecture of 1911;” J. Chem Soc., 99,1206 (19”)- 
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quite freely interchangeaWL^ Richards suggests, however, because his 
atomic domains are compressible while the spheres representing atoms 
which we have used are said by us to be incompressible, that the respective 
views as to the nature of matter are antagonistic. 

We must point out that this suggestion is based upon an entirely false 
conception of the views of the two parties. Richards, in common with 
us, adopts the hypothesis that in a crystalline solid the spheres of atomic 
influence fill the available space without gaps or interstices; each atomic 
domain, polyhedral in shape, represents to him an atom and since a sub¬ 
stance changes its value on subjection to pressure he necessarily regards 
the atoms as compressible. We, dealing with a different branch of the 
subject and using a different terminology, find it convenient to construct 
models representing the comparatively static conditions prevailing in a 
crystalline solid under a given fixed set of external conditions; to indi¬ 
cate the mode of constructing the model we have suggested the use of 
“deformable, incompressible" spheres because, on application of adequate 
pressure, a mass of such spheres would undergo deformation, without 
changing in actual volume, and would become converted into polyhedra 
filling the available space without appreciable interstices. Under the 
conditions which prevail in our static systems the atoms or atomic domains 
are incompressible because, by definition, no force is operative to compress 
them, namely, to diminish their volume. With a change in the conditions 
external to the atom—change in temperature, passage of the atom from 
one compound to another, or by the application of external pressure—a 
dynamic condition is established under which the polyhedral atomic do¬ 
mains will necessarily alter in volume; we have considered at some length, 
exactly on the lines which Richards appears to approve, the change in 
volume of the spheres of atomic influence with change of temperature and 
during passage from one compound to another. 1 

Turning next to what we have called the “valency volume law," it 
should be remarked that we have not, as Richards suggests, made as our 
“guiding principle the assumption that each valency in a given compound 
has essentially the same volume and, hence, that the atomic volumes of com¬ 
bined elements are directly proportional to their valencies" (p. 384); 
our guiding principle is that in every crystalline solid the system of ar¬ 
rangement of parts is an equilibrium one reached by the operation of cen¬ 
tered forces. We do not put the law of valency volumes forward as a 
mere plausible working hypothesis but have deduced it as an argued con¬ 
clusion based on the interpretation of the facts. Having deduced the law, 
we have in our various papers subjected its validity to a series of simple 
quantitative tests and have thereby obtained abundant confirmatory evi¬ 
dence indicating that'the law is quite generally obeyed among crystalline 
1 /. Ctaft. S&c., 89, 1679 (1906). 
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solids* Further, LeBas showed that the molecular volumes of a series 
of paraffins, determined in the liquid state at the melting points, indicate 
that the atomic volume of carbon in these wsubstanees is four times that 
of hydrogen, and hence suggested that the valency volume law applies 
even in liquids. 1 To this Richards retorts (p. 385) that “values calcu¬ 
lated on almost any assumption within reason’" would also do so. But 
is this correct? Richards quotes the values for four hydrocarbons stated 
in LeBas’ table, and calculates the molecular volumes on our view (C « 
4 times H) and on the one he selects to illustrate his point (C = 2II). 

Observed mol Barlow & Pope New assumption 
Volume C - 4H C - 2H 


C„H *4 

CtoHa. 

CrH* 

CuH 7 , 


201 4 

202 0 

203 3 

362 5 

363 3 

362 3 

487 4 

487 1 

486 2 

629 5 

629 6 

627 6 


A short calculation will show that the mean differences between corre¬ 
sponding figures in Columns 2 and 3 is 0.3, while that between Columns 
2 and 4 is 1.3; the calculations made according to the results of our con¬ 
clusions concerning valency volume thus agree four times better with the 
observed values than do those made on the arbitrary assumption that the 
atomic volume of carbon is twice that of hydrogen. This result, which 
becomes far more striking when the values for the whole set of hydrocarbons 
discussed by LeBas are considered, hardly leads logically to the conclusion 
that “as an argument in support of the constancy of the valency-volume 
in any one instance, the table of molecular volumes of hydrocarbons has 
no significance’’ (p. 385). The testimony in confirmation of the conclu¬ 
sion that the atomic volume of carbon is about four times that of hydrogen 
in any given compound becomes overwhelming when the further work of 
LeBas is considered, namely, that in which he deals with the mass of data 
collected by Young on the relation between the density of substances 
at corresponding temperatures. 

Large numbers of cases are known in which an obvious relationship 
exists between the crystalline form of two or more substances, which are 
chemically related. When the chemical relationship is very intimate, as, 
say between K4SO4 and RbjS04, close crystallographic similarity in general 
also exists; the two substances are said to be isomorphous and the axial 
ratios, representing the comparative dimensions of the crystal structure 
along three-dimensional coordinates, are nearly the same for the two sub¬ 
stances. But in addition to cases of isomorphism, numerous instances 
are known in which both the chemical and crystallographic similarity are 
less marked, although still perfectly distinct; substances of this kind 
are described as morphotropically related and; previous to our work, 
no due was available by means of which the morphotropy could be dud- 
1 J. Ckem . Soc., 91 ,112 (1907); Phil. Mag,, 14, 324 (1907); *6» 60 (1908) 
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dated. Thus* d-camphoric anhydride, CioH u O # , is morpfcotiopieaffy 
related to the compound which d-camphoric add forms with acetone, 
Ci®Hii04. l /a(CHa)sC0; both substances are orthorhombic and the axial 
ratio, c/b , is nearly the same in both. If the valency volume law is valid 
it might be expected to furnish a due to this mysterious morphotropic 
relationship in the following manner. < a 

The law indicates that in each of these substances the atomic volumes 
of carbon, oxygen and hydrogen are in the ratios of 4 : 2 : 1; we, there¬ 
fore, represent the unit of each compound by a rectangular block of volume 
equal to the sums of the respective component valencies (the so-called 
valency volume =» W) and calculate the rectangular dimensions of these 
blocks, taking them as in the ratio expressed by the axial ratios. The 
three rectangular dimensions, x , y, and z, we term the “equivalence param¬ 
eters/* and they, with the axial ratios, a : b : c, are stated in the follow¬ 
ing table: 

W. a b c x : y * 

4-C10H14O1.60 1.0011 : 1 : 1.7270 3.2654 : 3.2618 : 5.6331 

i-CioHifOi.ViCCH^hCO.. 74 1.2386 : 1 : 1.7172 4.0435 . 3.2646 : 5.6060 

It will be seen at once that the approximation between the axial ratios 
c/b is translated in the equivalence parameters by an approximation be¬ 
tween the respective values for y and z\ a little consideration will show 
that if the units of volume selected in the two cases differed markedly from 
the relative proportion of the values for W, the valency volume, this 
correspondence could not occur. We condude that, unless the morpho- 
tropic relationship is wholly fortuitous, it is the result of the operation 
of the valency volume law. 

A remarkable morphotropic relationship has long been recognized be¬ 
tween the minerals of the so-called humite group. 1 The monosymmetric 
mineral chondrodite, Mgs(Si0 4 )*.2Mg(F,0H), the orthorhombic humite, 
Mgft(Si0 4 )».2Mg(F,0H), and the monosymmetric clinohumite, Mg7(Si0 4 ) 4 .- 
aMg(F,OH), in each of which the inter axial angle 0 = 90 °, are related 
in such a way that, while the axial ratio, a/b, is practically the same in all, 
the ratio, c/b is approximately in the proportion of 5 : 7 : 9 for the three 
substances respectively. Assigning to Mg, Si and O, valency volumes 
of 2, and to F and H, volumes equal to unity, and assuming for the sake 
of simplidty, that the isomorphously replaceable fluorine and hydroxyl 
flue present in equivalent quantities, the valency volumes corresponding 
to the above compositions become 34, 48 and 6a, respectively; these values 
are roughly in the proportion 5:7:9 shown by the axial ratios, c/b. 

.The nature of the morphotropic relationship is exhibited more accurately 
in the equivalence parameters stated at the beginning of the accompanying 
table; while the values for x and y are practically constant for the three 
1 Penfield and Howe, Z. Kryst . Mi*., a)» 78 (1894). 
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mineralf, the whole effect of the change in valency volume {alls on the axis 
c. This is also shown by the constancy of the values z/ W, which indicates 
that the length of the axis c is very closely proportional to the valency 
volume. 


Mineral 

W 

a 

b 

. c 

X 


y 

t 

i/W 

Chondrodite 

34 

I 08630 

I 

3 14472 

2 3367 

2 

1510 

6 7644 

0 19895 

Humite 

48 

I 08021 

1 

4 40334 

2 3343 

2 

1610 

9 5155 

0 19824 

Clinbhumite 

62 

t 08028 

I 

5 65883 

2 ^384 

2 

1646 

12 2491 

0 19756 

Prolectite 

Observed 

20 

I 0803 

1 

1 8862 

2 3130 

2 

1411 

4 0385 

0 19977 

Calculated 


1 0818 

1 

1 8618 

2 3365 

2 

1589 

4 0211 

0 19968 

Forstente: 

Observed 

14 

O 9296 

I 

1 1714 

2 3426 

2 

1778 

2 7442 

0 19601 

Calculated 


0 9240 

I 

1 1741 

2 3365 

2 

1589 

2 7433 

0 19595 


The minerals chondrodite, humite and clinohumite have been very 
accurately determined and, as will be seen, form a kind of homologous 
series in which the homologous increment has the composition Mg 2 Si 0 4 ; 
subtracting this increment from the composition of chondrodite, the resi¬ 
due MgSi04.2Mg(F,OH) is left. This is the composition attributed to 
prolectite 1 which may thus be regarded as the first member of the humite 
series. Further, the mineral forstente, Mg 2 Si 0 4 , has the composition of 
the homologous increment of the series. 

Prolectite and forsterite have been less well determined than the pre¬ 
ceding three minerals but, on the basis of the valency volume law, we 
can calculate the axial ratios and equivalence parameters of the two sub¬ 
stances in question from the more accurate data available for the first 
three. The table gives this calculated data together with the observed 
axial ratios and the equivalence parameters calculated therefrom. The 
corr^pondence between the observed and calculated values is very close; 
it if seen that the directions a and b in forsterite correspond to the equiva¬ 
lence parameters y and x, respectively. For the purpose of these calcu¬ 
lations the only modifications which have been made in the published axial 
ratios of the five minerals is that, in the case of forsterite, unit length along 
the axis b has been divided by two. 

We have given, above, two out of a great number of. available instances 
of the service rendered by the equivalence parameters in illustrating the 
valency volume law and in giving a quantitative significance to mor- 
photropy. In addition to the cases which we have ourselves exposed, 
Armstrong and Rodd 8 and Jerusalem*, Colgate and Rodd, 4 and Armstrong, 1 

1 Sjogren, Z Kryst Mtn , 26, 103 (1896) 

* Proc Roy Soc, 87A, 204 (1912); 90A, ux (1914) 

1 J. Chem Soc, 95, 1275 (1909); 97> 2190 (1910); xoi, 1268 (1912) 

4 Ibid., 97, 1585 (1910). 

1 Ibid., 97, 1578 (1910) 
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Glover and l0wty i have,' Jftfk the aid of the equivalence parameters 
greatly increased our knowledge of the chemical significance of morpho- 
tropic relationships. 

Professor Richards rejects the equivalence parameters as being a 
"mathematical device" and because "the facts all seem to be so reasonable 
and need no preliminary mathematical treatment" (p. 391), but crystal- 
lography is an exact science which can only be correlated with chemistry 
by quantitative methods. His attack on the calculation of equivalence 
parameters from axial ratios which have been subjected to division of 
multiplication consists mainly in a restatement of our own preliminary 
warning concerning their legitimate and illegitimate use and the extent 
to which importance could be attached to them ; 2 although from the nature 
of axial ratios, their fractionation is often necessary and legitimate opera¬ 
tion, we have, in no crucial instance from which we draw a conclusion of 
importance, made use of axial ratios which have been subjected to modi¬ 
fication. 

We submit that the method of quantitative treatment which we have 
devised for the elucidation of the relationship between crystalline form 
and chemical constitution, the first comprehensive method introduced, has 
proved so fertile in coordinating the two subjects of chemistry and crys¬ 
tallography that it cannot be affected by adverse criticism of the kind 
employed by Professor Richards. The subject has been carried too far 
on a highly quantitative basis to be touched by vague qualitative criticism 
involving suggestions as to what is "reasonable" or as to what "we should 
expect." To be successful, the critic must put forward a comprehensive quan¬ 
titative scheme obviously superior to the one which we have applied to 
the camphoric acid derivatives and the humite minerals dealt with in the 
above table, as well as to numbers of other problems involved in our de¬ 
tailed papers. 

Several more points still merit mention. The arrangement suggested 
by Richards for crystalline caesium chloride (p. 389) was described sixteen 
years ago 2 and was rejected as representative of the halogen compounds 
of the alkali metals for a number of reasons. Thus, the arrangement in 
question is a holohedral cubic one and so does not fit the facts; further, 
in such an arrangement the equilibrium conditions expressed by dose- 
packing will be so delicately balanced that a slight change in their relations, 
such as would be involved in the passage from caesium chloride* to potas¬ 
sium chloride, or rfibidium chloride, bromide or iodide, must be expected 
to involve a change of crystalline form. For these and other reasons we 

1 J. Chem. Soc., xox, 1909 (191a). 

* Ibid., 89, 1683 (1906). 

1 Barlow, Proc. Roy. Soc, (Dublin), 8, 549 (1897). 
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gave the preference to the type of arrangement which wq ultimately de¬ 
scribed. 1 

The difficulty suggested by the isomorphous replacement of potassium 
by ammonium in the sulfate, in which our theory demands the replacement 
of a potassium atom of volume one, by an ammonium group of volume 
seven (not nine as stated) elicits the comment (p 394) that “it is hard to 
see how any sort of analogous symmetry could be constructed in the two 
cases under these circumstances," We have given an example* which 
indicates how a closely analogous difficulty may be met by our theory 
in connection with the isomorphism of potassium and ammonium chlorides. 
We foresee no special difficulty in constructing assemblages, in accordance 
with our method, which will present geometrical relationships compatible 
with the isomorphism of potassium and ammonium salts, at the same time 
we must ask to be judged by what we have already done and not by what 
still remains for us to do. Moreover, the difficulty which occurs in deal¬ 
ing with the isomorphism of potassium and ammonium does not arise 
from acceptation of the law of valency volumes and is certainly not sur¬ 
mounted by the view that the potassium atom and the ammonium group 
occupy approximately the same volume in crystalline potassium and am¬ 
monium chloride The following substances are all alums crystallizing 
in the cubic system. 


K, with A1(S0 4 )j iaHjO 
NH 4 , with Al(SO0, i2H,0 . 

NH a CH s , with A1(S0 4 ) 2 i2HjO 
NH* C,H 6 , with A1(S0 4 )s I2 H,0 
NH(CH«)i, with A1(S0 4 )* I2H s O 
NH, CiHu, with A1(S0 4 )* i2H,0 
NH, C.H11, with A1(S0 4 ), 1 2 HjO 
NH{CtH,),, with A1(S0 4 ) s i2H,0 


Potash alum 
Ammonia alum 
Methylamme alum 
Ethylamme alum 
Trimethylamine alum 
Amylamme alum 
Conime alum 
Tribenzylamine alum. 


The facts thus tell us that the 44 atoms of the tribenzylamineammonium 
group can replace the potassium atom in ’potassium aluminium sulfate 
without the occurrence of a change in crystalline system; Professor Rich¬ 
ards’ mode of regarding crystallographic problems makes him confess the 
difficulty of seeing how any sort of analogous symmetry could survive 
the replacement of one unit of volume, the potassium atom, by seven units 
of volume, the ammonium group, in a salt. It can surely not be main¬ 
tained that cubic symmetry survives the replacement of one potassium 
atom by 44 other atoms because the 44 occupy the volume originally oc¬ 
cupied by the one potassium atom. 

The due to the whole problem here concerned lies, we suggest, in the 
possibility of homogeneous arrangement of groups or atomic domains of 
different relative sizes in the same dass of crystal symmetry, while, at 

1 J. Chem. Soc , 91, 1179 (1907) 

* Ibid., gi 9 1204 (1907) 
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the same time, dose dimensional correspondence subsists which h trace¬ 
able to the operation of the valency volume law. 

We may here terminate our present contribution to this discussion, 
leaving untouched many points which have been raised against us by Pro-" 
lessor Richards because they seem to us mainly based on minor misunder¬ 
standings of our work. The only one of the conclusions which Professor 
Richards states in his summary with which we agree is that numbered (3) 
—“Some facts seem to be quite beyond the reach of their hypothesis ” 

Tbs Chemical Laboratory, 

U>mr***XTY OB Cambridor, Enoland 


{Contribution from the Wolcott Gibbs Memorial Laboratory of Harvard 

University ] 

FURTHER REMARKS CONCERNING THE CHEMICAL SIGNIFI- 
CANCE OF CRYSTALLINE FORM. 

By Theodor* W Richards 
Received February 21 , 1914 

Theprecedingpaperon “ The Chemical Significance of Crystalline Form/* 1 
by Mr. William Barlow and Professor William Jackson Pope, replying 
to one of mine* with the same title, has been submitted to me through the 
courtesy of the editor of This Journal and of the authors of the paper. 
For this courtesy I am much obliged, and hope that their kind act may be 
the means of clearing up quickly several misunderstandings which seem 
to have arisen with regard to the matter in question. Polemics are rarely 
if ever expedient, but good-natured discussion, either in print or mva 
voce, may serve a useful purpose. 

As Messrs. Pope and Barlow infer, I find no fault in the idea of the close¬ 
packing of the atoms in crystals. This idea has been, indeed, more or 
less tacitly assumed in most discussions of the chemical significance of 
crystalline form. Barlow in his interesting deductive analysis of the 
geometrical properties of crystalline forms in 1897 begins his final summary 
with the following sentence: “The main ideas which form the basis 
of the foregoing inquiry, vie., closest-packing, mutual repulsion of particles, 
ties, or restraints on this mutual repulsion, are all old conceptions—they 
have been used by earlier writers and are still adopted by living scientists/’* 
Thus we all agree about dose-packing. The only difference is as to the 

1 This Journal, $6,1675 (1914). 

'Ibid, 3Si 3B2 \191s) 

1 “A Mechanical Cause of Homogeneity of Structure and Symmetry Geometrically 
Investigated” (read June 16, received for publication June x8, and published December 
so, 1897, appearing as paper bdi in the 8th volume, N. S. of the Scientific Proceedings 
of the Royal Dublin Society, November, 1898). 

Comp. “Molecular Constitution of Matter,” by Sir William Thomson, in Proc. 
Pay. Soc. of Edinburgh, 16, 693-715 (1890), quoted by Barlow. 



tm CHBMI CM, SIONTIFICANCE OF CRYSTALLINE FORM. 1687 

nature and behavior of the entities which are dose-packed. This point 
will be considered shortly. 

Again, as the transatlantic investigators rightly point out, the two inter¬ 
pretations with regard to monatomic elements are geometrically in agree¬ 
ment, although the points of view are so divergent. This is not, however, 
surprising. The nature of the monatomic element admits only of equi¬ 
distant atomic spacing, and so far as I am aware no other geometric inter¬ 
pretation of the arrangement of a collection of similar spherical atoms has 
ever been attempted by anyone. In view of this geometrical similarity, 
Barlow and Pope express their inability to see wherein my view differs from 
theirs, saying: "We do not know what theory, as distinct from our'own, 
he has in mind." The difference is nevertheless well marked, even in the 
case of monatomic elements, for although the geometrical arrangement 
would here be the same according to each theory, the idea of atomic com¬ 
pressibility introduces a factor in the mechanism involving change of 
volume, which brings this case into line with the more complicated ones 
soon to be considered. Each side of each atom would be compressed 
by contact, but each would be equally compressed. When we come to 
treat of the more complex allotropic forms of elements having polyatomic 
molecules, the difference between the two points of view stands out in 
stronger relief. According to the theory of compressible atoms, the affinity 
which binds the atoms together to make a polyatomic molecule must have 
a different compressing effect from the cohesion which knits these molecules 
into the solid condition. Hence equidistant spacing between the atoms 
in all directions can no longer exist. The difference between my hypoth¬ 
esis and Pope and Barlow’s is here, as indeed in the other cases, 
entirely concerned with the different interpretations as to the results 
of the action of the fcrces binding together the atoms in a molecule, and 
the molecules with one another. In my interpretation I have endeavored 
to reconcile the crystalline phenomena with other properties of the sub¬ 
stances concerned, such as boiling points, melting points, surface tensions, 
compressibilities, coefficients of expansion, all of which can furnish some 
clue as to the forces at work; but Pope and Barlow seem to have made 
no such effort. Their discussion is essentially a geometrical one, and in¬ 
volves the close-packing of spheres; whereas my view imagines the "spheres 
of influence" as much distorted whenever the molecule is composed erf more 
than one atom 

As a matter of fact, very little emphasis is placed, in the joint thesis 
of Barlow and Pope, upon the possible magnitudes of the forces holding 
the atoms together. 1 In reading the paper one feels that the original 
tenets of Barlow, as set forth in the eari&r paper already referred to, 
are retained. In this paper (which consists of a highly learned and in- 
1 J. Chem. Soc. r 89,1676 (1906) 
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genious deductive analysis of the arrangement of Boscovichian atoms in 
space), the atoms are often alluded to as mutually repellent (e. g. t on 
pages 529, 547, 580, 675, 686), but little is said about their mutual affini¬ 
ties. Some kind of tie or restraint is presupposed where chemical action 
is concerned, but the binding together of molecules seems to be of the loosest 
possible sort. In the papers by the joint authors, no attracting force 
except gravitation (or its like) seems to have been mentioned; but few 
chemists would be inclined to admit that gravitation is the only force 
binding the molecules of solids. 

The definite statement is made both in Barlow’s early work and in the 
paper of 1906 (by the joint authors) that the spheres of influence are to 
be considered as incompressible. To be sure, in this latest paper affirma¬ 
tion is made that they are to be looked upon as incompressible only when 
no change in pressure is put upon them: 41 the atomic domains are 
incompressible because, by definition, no force is operative to compress 
them;” but according to that definition would not everything be incom¬ 
pressible? Even the most rarefied gas does not change its volume if 
unacted upon chemically, and if the pressure and temperature remain 
unchanged. The difference of opinion here seems to be rather one con¬ 
cerning the definition of the word “incompressible,” at least as U 9 ed in the 
latest paper. The earliest paper by Barlow appears to have used the word 
in its usual sense. 

But entirely apart from any question as to the significance of this term, 
there is a real and fundamental difference between the two opposing theo¬ 
ries. The British investigators enunciated publicly for the first time in 
1906 the postulate that the volume which any substance assumes is es¬ 
sentially determined by valency. They contend in their latest paper that 
this valency volume idea is not an assumption, but a law deduced from 
the theory of close-packing under the balanced play of centered forces, 
and that it was obtained as an argued conclusion based upon the interpre¬ 
tation of the facts. Here again one is doubtful as to the definitions which 
may be given to the terms deduction, hypothesis, theory, and law; but, 
however these words may be defined, it seems to be perfectly clear that 
the idea of valency volume is an essential feature in their present quantita¬ 
tive discussion. This is made evident in their definition of equivalence- 
parameters on page 681 of their paper of 1906. In this paper W signifies 
the valency volume, and W enters into the value of x; therefore, it also 
enters into that of y and*, which depend upon x. These values, x, y, and 
z, are the basis of all tlfflp comparisons. 

It is this idea, oj valency volume which I find myself obliged to reject; and 
the rejecflon is not by any means based upon minor misunderstandings 
of the work. 
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The question at issue seems to be simply as follows: Messrs. Pope 
and Barlow imagine that their “spheres of influence'* of the atoms expand 
and contract to fit their theory of valency volumes, and this theory has 
the rigid requirement that in any given compound the volume occupied 
by an atom is to be assumed as directly proportional to its valency. No 
plausible reason why this should be so is given. 

On the other hand, the point of view which I am defending maintains 
that when two atoms are drawn together by a stronger chemical affinity, 
the volumes of their spheres of influence 1 must be diminished at the surfaces 
of contact, and that when the molecules arj bound together by strong co¬ 
hesive affinity, their volumes are again diminished by the cohesive pres¬ 
sure exerted upon the contiguous surfaces. This theory maintains that 
both affinity and cohesion not only hold the atoms together, but that they 
pull the atoms together. Hence the volume occupied by a solid or liquid 
is dependent upon the variable forces which come into play. The forces 
are shown to be not arbitrarily determined, but to be inherent in the atoms; 
and every change in affinity must produce its corresponding change in 
volume. 

These two points of view are perfectly definite and entirely antagonistic. 
Messrs. Pope and Barlow think that they have obtained support for theirs 
in some of the facts of crystallography. In my last paper I endeavored 
to show, as they state, that all the facts adduced by them are inconclusive, 
being capable of explanation in other ways. On the other hand, in sup¬ 
port of the opposing theory (which maintains volume to be determined 
not by an arbitrary choice of valence on the part of the crystallographer, 
but rather by the actual affinities which play upon the atom), very many 
facts have been brought forward in my papers upon the significance of 
changing atomic volume 2 seeming to leave no doubt that solid and liquid 
volumes are really determined in this way. 

Countless facts quoted from these papers might be reviewed to show the 
reasonableness of ascribing to chemical affinity and cohesion an important 
share in determining the volume of solids and liquids; for instance, the 
fact that the less cohesive elements have large molecular volumes and large 
-compressibilities, the fact that, in general, among isomers the more volatile 
are also the more compressible, less dense, possess less surface tensions 
and greater coefficients of expansion, the fact that, in general, the exhibition 
of greater chemical affinity seems to involve greater diminution in volume, 

1 Because these “spheres of influence" always accompany the atoms and seem al¬ 
ways to represent them in their volume relations, I call the “spheres" the atoms them¬ 
selves. The term “spheres of influence" seems to be unfortunate, because in all com¬ 
pounds these spaces occupied by the atoms can scarcely be spherical; and, moreover, 
some influences of the atoms unquestionably extend beyond them. 

* A bibliography of these papers is in This Journal, 36, 624 (1914)* 
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oil point in one direction. 1 On the other hand, the theory of Messrs: 
Barlow and Pope seems to take account of none of these things. 

Because of this effect of the powerful forces coming into play, the com¬ 
plete solution of the problem of crystalline form demands many more 
far-reaching arguments than ones concerning mere matters of crystallo¬ 
graphic detail. The knowledge necessary for the satisfactory mathematical 
treatment of the subject involves an understanding of the enormous in¬ 
ternal pressures which bind solids together, quite beyond the reach of 
any mortal today. A deductive method is convincing only when all 
the factors determining a given phenomenon are taken into account; 
and it seems to me that some of the chief factors have been left altogether 
out of consideration in the mathematical theory under discussion. One 
is at a loss, for example, as to how the theory of Barlow and Pope can ac¬ 
count for the enormous shrinkage in volume (to much less than half of the 
original bulk of the reacting elements) which occurs when caesium com¬ 
bines with liquid chlorine. The interstices in the most loosely close- 
packed system in the original substances (the elements) could not account 
for this, because geometrically the cube is less than twice the volume of the 
inscribed sphere. This change of volume is not accidental, and the fact 
that the heat evolved and the free energy change exhibited by such changes 
show a traceable connection with the work involved in the compression 
shows that such volume changes are deeply significant and fundamental. 
Atoms cannot be expected to contract and swell up to conform to the ex¬ 
igencies of a deductive geometric theory ; their volume-changes must be 
expected to be far more logically caused. * 

Again, no notice is taken in the immediately preceding paper of a typical 
case emphasized in mine, namely, the relation between benzene and tetra- 
bromobenzene. This is not an isolated case, but is typical of a very plenti¬ 
ful class of phenomena, and yet the authors have not attempted to throw 
light upon it. Benzene has a molecular volume of 77.4, itetrabromobenzene 
130.2. They both have the same number of valencies within t^jua* r namely, 
30, if carbon is considered as a tetrad. It is evident^the*tthat the theory 
of Barlow and Pope demands that the carbon should be the same fraction 
of the total volume in each case, and the same doctrine holds true with 
regard to the two residual atoms of hydrogen. This involves the assump¬ 
tion that these atoms (or their 41 spheres of influence”) nearly double their 
bulk when the other associated atoms are exchanged on a purely univa¬ 
lent basis. No reason whatever for this extraordinary increase in volume 
has been assigned, and 1 cannot help thinking that any chemist who has 
seriously considered the subject of molecular volume will agree with me 
in thinking that the Pope-Barlow assumption is irreconcilable with the 
1 “The Faraday Lectm^lf 1911/* J. CkJk . See., 99, 1301 (1911); Science N. 5 ., 
* 4 * 337 ( 19*1 )• 
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phenomena. The more reasonable explanation is that the atomic volume of 
bromine in combination is much larger than that of hydrogen, as all of the 
well-known considerations of Kopp indicate. Let me emphasize once 
more the fact that this is a typical case, and that it was advanced in my 
previous paper as a direct challenge. The fact that it was ignored seems 
to imply that it could not be answered. 

Since some of the other objections raised in my previous paper seem to 
have been misunderstood, the more important differences of opinion about 
them may be briefly reviewed. For example, with regard to the results 
of Le Bas, the eminent controversialists seem to have overlooked the 
fact that while I explicitly referred to the obviously closer agreement of 
their calculated figures as compared with those corresponding to my 
assumption, I pointed out that even the most divergent results fit the 
facts quite as closely as anyone has a right to expect, because of the ar¬ 
bitrary assumption as to the temperature of comparison Barlow and 
Pope chose the ratio: volume H = l /\ volume carbon (exactly), and in 
order to show that the deviations produced even by a great departure from 
this proportion were unimportant, I chose the entirely different ratio* 
volume of hydrogen — V2 volume of carbon. It is easy for anyone to 
calculate, however, that if such a ratio as 1 3.5 or 1 4 5 or e tn 1 . 5 

is chosen, results of the same order of accuracy as those obtained from 
Barlow and Pope’s exact ratio 1 . 4 are obtained; for example, if hydrogen 
is taken as 2.553 cc. and carbon is taken as 12.765 cc (five times the hydro¬ 
gen) the theoretical values calculated for the first fifteen hydrocarbons 
in the table of Le Bas agree on the average at least twice as well with the 
observed facts as those computed according to Barlow and Pope's as¬ 
sumption of the ratio 1 : 4J 

Table Giving Typical Comparisons op Hydrocarbons with Less than 30 Atoms op 

Carbon 



Mol vol 
at melt¬ 
ing point 
Found 

Barlow 
and Pope's 
assumption 

Vol C - 4 Vol H 

Error 

New 

assumption 

Vol C - 5 Vol H 

Error 

CnH* 

. . 201 4 

202 O 

O 6 

201 7 

O 3 

CiiHm 

237 3 

237 6 

0 3 

237 4 

O 1 

CxiHjt 

273 2 

273 2 

O 

2*3 2 

O 

Cx.H .7 

. 326 9 

326 7 

0 2 

326 8 

O I 

CaH* 

398 3 

398 O 

0 3 

398 3 

O 

C,tH* 

487 4 

481 I 

0 3 

487 6 

O 2 


How, therefore, they can claim that these figures afford any significant 
support for any exact ratio, I do not understand. To me it seems that 
their argument amounts to a process which might be called mathematical 
hair-splitting, especially when the quality of the data in question is taken 
1 The last three with over thirty atoms of carbon to the molecule are not quite 
so conformant, but, even as a whole, the series of calculated results is about as good as 
Pope and Barlow's. 
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into consideration. Moreover, me paraffin hydrocarbons were liquids, 
not crystals, at the temperatures measured; and in any case, they are 
unique in their properties, hence it is not safe to transfer conclusions drawn 
from them to other compounds. 1 The principles used by Le Bas and Barlow 
and Pope, if applied to aromatic hydrocarbons, completely collapse. In 
the light of these remarks, a careful perusal of my earlier statements 
upon page 385 will furnish evidence which needs no further elucidation. 
I beg leave to dissent entirely from their statement with regard to this 
matter on page 1681 of their paper. 

The immediately foregoing paper contains several examples brought 
forward in order to show that the theory of Barlow and Pope is capable 
of showing resemblances between morphotropic organic and inorganic 
substances. It seems to me that these* examples add little to the general 
argument; they are really of the same class as the partial symmetries of 
organic substances discussed in my earlier paper. The bringing forward 
of these examples seems rather to indicate a misunderstanding as to the 
general criticism of the method. I have from the first admitted cordially 
that the mathematical method of equivalence-parameters involving valency 
volume is capable of showing resemblances; the difficulty with it is rather 
that it seems to be capable of showing resemblances where none exist, 
and, therefore, its results must be received with great caution. 

In a number of minor points also there seems to be misconception or 
misunderstanding. For example, Mr. Barlow and Professor Pope must 
adopt some other structural formula for ammonium chloride than that 
which corresponds with my notion. They often arbitrarily choose, in 
assigning their valency volume, the lowest valency which an element ex¬ 
hibits, regardless of the actual valency in the particular case. For ex¬ 
ample the radical of ammonium is supposed to have seven valencies in 
all; NH* -f- H2 seems to be considered as a univalent complex. But is 
not this (like a number of their other methods) rather an arbitrary pro¬ 
ceeding? To me NH4CI seems to have ten valencies, five on the nitrogen, 
one on each hydrogen, and one on the chlorine. Therefore, if each valency 
had an equal volume, nine volumes would belong to ammonium and one to 
chlorine. Again, the intimate structure of the cube of caesium chloride, 
as illustrated in my previous paper, must certainly be considered as hemi- 
hedral, because both the chlorine atoms and the caesium atoms are ar¬ 
ranged in tetrahedral symmetry.* The fact that externally the form is 
Cubic, makes the structure holohedral only from a superficial geometric 
point of view. The question here is, of course, entirely as to the significance 
attached to the words hemihyctral and holohedral, which in this case would 
differ according as the siss$|a| pf\ the crystal or its ultimate structure is 

1 L. J. Henderson, “The Environment," p. 215 (Macmillan), (19x3). 

* See Barlow, Loc. tit ., p. 550. • 
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taken into consideration. That Barlow, in 1897, proposed and rejected 
something analogous to the arrangement which I pictured was overlooked 
by me, because his diagram is so very different in appearance (loc. ciU> 
p. 550), but the fact does not change my opinion that the aforesaid picture 
is the most reasonable explanation of the facts. If the atom is acknowl¬ 
edged to be compressible, this arrangement is as closely-packed as any 
other, and it would be firmly tied together by the strongly attractive affinity 
of the two components, thus forming a thoroughly stable system. The 
substitution of potassium for some of the caesium would not be difficult 
in a compressible system. Incidentally, the introduction of this question 
gives me the opportunity of acknowledging that Professor vSollas in a very 
interesting paper published in the Proceedings of the Royal Society in 
1898, 1 proposed a structure of sodium chloride essentially similar to that 
advocated by me for caesium chloride, without, however, the addition of 
the idea of atomic compressibility. Sollas’s theory with regard to this 
substance seems to me far more reasonable than that of his antagonists, 
but his concepts are less satisfactory when they depart from the idea of 
close-packing. 

It would be wearisome to consider here every detail of the misunder¬ 
standing involved in the paper of Mr. Barlow and Professor Pop*.; indeed, 
this is not necessary, for a careful perusal of the papers in question will 
give the intelligent reader abundant opportunity to decide between the 
alternatives according to his appreciation of the cogency of the respective 
arguments. It is important to note that no evidence in any way contrary 
to the theory of compressible atoms has been adduced by the eminent 
transatlantic investigators. 

Nevertheless one further point introduced by their paper seems worthy 
of further discussion, especially since it concerns the general principles 
of research. The authors feel that a qualitative argument must neces¬ 
sarily give way before a highly developed quantitative one; and because 
this feeling seems to be general with regard to many physicochemical 
phenomena, I am glad to take this opportunity to express my attitude. 
No one could believe more completely than I in the importance of quanti¬ 
tative mathematical discussion; I have given most of my Ipe to the at¬ 
tempt to secure more accurate quantitative data of many kinds. A scien¬ 
tific argument which is wholly lacking in quantitative support cannot 
be satisfactory; but on the other hand a highly developed mathematical 
treatment which rests upon unsound premises is usually much worse 
than none. Such a treatment is likely to carry with it a false feeling of 
security, and to be less valuable than a merely qualitative discussion based 
upon sound premises. To cite an extreme example, the qualitative dis¬ 
cussion of the nature of oxygen by Rey, Hooke, and Mayow in the seven- 
1 W. J, Soflas, Proc. Roy. Soc 63, 273 (1898)- 
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fceenth century was much more nearly correct than the later quantitative 
explanation of the ultra-phlogistonists, which ascribed negative gravity 
to phlogiston in order to explain many of the same facts. The latter 
explanation appeared to be at least consistent from a quantitative point 
of view, but was very ill-founded as regards its fundamental premises. 
Not only in this matter of crystalline form, but in many other physico¬ 
chemical problems, it seems to me highly desirable that the fundamental 
premises or original assumptions should be reasonable, and in accordance 
with as wide a variety of facts as possible, even if the resulting system ap¬ 
pears to us now to be too complex to receive complete mathematical treat¬ 
ment. 

Besides, the fact should be emphasized that my views concerning the 
significance of changing atomic volume by no means rest upon a mere 
qualitative basis; they are supported by many observations of a highly 
quantitative nature. 

To sum up the situation, it seems to me that the immediately preceding 
paper under discussion has not attempted to answer some of the most 
important objections to the deductive theory; that the authors have 
misunderstood others; that they adopt a mathematical treatment which 
tends often to make disagreeing results more harmonious, and then find 
crystallographic confirmations of their deductive tenets which do not seem 
to me to be cogent; that here as before they seem to have essentially 
overlooked the very large internal pressures which must exist in solids, 
and have not heeded the arguments from which the existence and effects of 
these pressures are inferred; that the paper gives evidence of an illusory 
security sometimes felt by those who put their trust in a complex mathe¬ 
matical superstructure rather than in a firm foundation of sound assump¬ 
tions, and that no argument has been advanced to show that my funda¬ 
mental assumptions are not sounder than those of the joint authors. On 
the other hand, the various papers on the significance of atomic volume 
have brought forward so many evidences in favor of atomic compressi¬ 
bility as to put the burden of proof on any contrary hypothesis. 

In conclusion it gives me much pleasure to express once more my ap¬ 
preciation of the real service which Mr. Barlow and Professor Pope have 
done by collating a great quantity of crystallographic data; and to this 
expression I must add my regret that I have found their fundamental 
doctrine of valency volume irreconcilable with a broader view of the nature 
of solids and liquids and the mechanism of chemical change. 

Habtamd Vnwiemtt, Cambkxdqb, Mam 

Additional Note by William Barlow and William Jackson Pope. 

The perusal of the two foregoing communications will probably con¬ 
vince the reader that little of public utility will result bom the further 
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continuance of the discussion in This Journal. This reason alone would 
lead us to decline further controversy on the subject for the present 
after having had the opportunity of putting our case forward in these 
pages; another and weightier reason seems now, however, to render further 
immediate discussion superfluous. During the last year or two a method 
for the practical determination of crystal structure has been developed by 
Laue and by W. H. and W. L. Bragg, which gives every promise of ulti¬ 
mately leading to very precise information concerning the arrangement of 
the atoms in a crystalline structure. While we greatly appreciate the frank 
and courteous manner in which Professor Richards has dealt with our 
crystallographic work we think that further discussion on the lines laid 
down in the preceding two papers may well be postponed until the im¬ 
portant developments which are promised have had time to mature 

Cambridge, England 

THE MIXED CRYSTALS OF AMMONIUM CHLORIDE WITH 
MANGANESE CHLORIDE. 

By H W. Foote and Blair Saxton 
Received June 15 , 1914 

The products which form when mixed solutions of ammonium and 
manganese chlorides are allowed to crystallize, have been investigated 
repeatedly and a number of double salts have been described by different 
investigators. 1 In the early work, the possibility of mixed-crystal forma¬ 
tion was not taken into account, so that any material which appeared 
homogeneous was considered a chemical compound and at least four double 
salts were described which undoubtedly do not exist. Lehman 2 first 
4 recognized that ammonium chloride was capable of forming a curious 
type of mixed crystal or solid solution with manganese chloride, as well 
as with a number of chlorides of other metals such as nickel and ferrous 
and ferric iron, and he and also Johnsen 3 investigated them, chiefly from 
a crystallographic standpoint. The most complete investigation on the 
double salts of the chlorides of ammonium and manganese was carried 
out by Saunders. 4 He repeated the work of some of the previous investi¬ 
gators, following their directions so far as practicable and concluded 
that only one double salt forms, which has the formula aNHiCl.MnCl*.- 
2 H, 0 . He analyzed a number of products which did not give rational 
formulas, and concluded that these were mechanical mixtures; but he 
did not consider the possibility of true mixed-crystal formation. Leh¬ 
man’s work, which appeared nine years previously, was apparently un- 

1 A summary of the literature on the subject will be found in Abegg’s “Handb. der 
anorg. Chera ” 7th Group, p. 705. 

1 Z. Kryst., 8, 438 (1883). 

1 N. Jakrb. Min., 2, 93 (1903). 

*Am. Chem. 14, 127 (1892). 
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known to Saunders. The extent of mixed-crystal formation and the con¬ 
ditions which produce mixed crystals instead of double salts have not 
been determined. While investigating these points, some interesting, 
and rather unusual, relations have been discovered. Our results show 
that ammonium chloride and the double salt form two series of mixed 
crystals, there being a gap between the limiting composition of each type. 
From the results, conclusions can be drawn as to the components making 
up the mixed crystals, which has not been possible before. 

The method which has been used to determine the solid phases and the 
conditions for their formation, is essentially the same solubility method 
that has been used before, by one of us, 1 in determining the mixed crystals 
of ammonium chloride with nickel and cobalt chlorides. The solubility 
of varying mixtures of ammonium and manganese chlorides has been de¬ 
termined at 25 °, analyzing both residues and solutions. From a series 
of such results, the solid phases which form can be determined. 

Weighed quantities of the recrystallized salts were transferred to bottles, 
treated with water and warmed till all dissolved. The bottles were rotated 
for at least 48 hrs. in a thermostat at 25 °, using glass rods in the bottles 
to assist in reaching equilibrium. After the residues had settled in the 
bottles, weighed portions of solution were drawn off through a filter of 
glass wool for analysis. The residues were then removed and dried as 
rapidly as possible between filter papers. Ammonia was determined 
in the usual manner, by distilling with potassium hydroxide, absorbing 
the ammonia in standard add and titrating the excess. Manganese 
was precipitated as NHiMnPO^ filtered on a Gooch crudble and weighed 
as MnjP*07. Water was calculated in the residues from the percentage 
of manganese chloride, assuming that the latter was present as dihydrate. 
The results for water are practically the same that would be obtained by 
difference. The analytical data for solutions are undoubtedly somewhat 
more accurate than for residues. This is because the solution can be 
obtained free from residue, while the latter is of necessity somewhat con¬ 
taminated with solution. 

The results obtained are given in Table I. 

The results are shown graphically in Fig. 1. The percentage of ammo¬ 
nium chloride in the residue is plotted as abscissa and the composition of 
the solution as ordinate. Two curves are shown, one expressing the com¬ 
position of the sqlutions in percentage of ammonium chloride, the other, 
in percentage of manganese chloride. 

Nos. 1-5 in Table I show variable composition of residue and of solution. 
They are represented in Fig. 1 on the curves AB and CD. In this series, 
it is evident that "mixed crystals of ammonium chloride with varying 
amounts of manganese chloride dihydrate were present. They correspond 
1 This Journal, 34,880 (19x2). 
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Tab lb I —Solubility of Mixtures of Ammonium Chloride and Manganese 

Chloride at 35 0 

Solution Residue 


No 

% NH4CI 

% Mod* 

% NH 4 C 1 

% MnClt 

% HiO 

Total 

Residue con Ulna 

I 

23 97 

7 97 

93 83 

5 31 

1 52 

IOO 66 1 


2 

22 94 

9 65 

90 24 

7 76 

2 22 

too 22 


3 

21 45 

12 31 

83 98 

12 41 

3 55 

99 94 

* a mixed crystals 

4 

21 18 

13 38 

82 03 

14 3i 

4 09 

100 43 


5 

20 IO 

15 19 

76 20 

18 60 

5 32 

IOO 12 j 


6 

19 70 

15 92 

74 27 

20 03 

5 73 

100 03 1 


7 

19 75 

16 02 

72 74 

21 58 

6 17 

100 49 1 

a and 0 mixed 

8 

19 69 

16 05 

70 41 

22 93 

6 56 

99 90 

crystals 

9 

19 67 

15 47 

63 85 

28 32 

8 11 

IOO 28 , 


10 

17 09 

18 76 

56 18 

34 40 

9 84 

IOO 42 


11 

15 05 

22 44 

47 06 

4i 33 

11 83 

IOO 22 

0 mixed crys¬ 

12 

13 17 

24 52 

42 81 

44 87 

12 84 

100 52 

tals or double 

13 

9 15 

29 24 

39 36 

47 64 

13 63 

100 63 

salt, 2NH4CI - 

14 

5 90 

34 78 

37 76 

48 79 

13 96 

100 51 

MnCls 2H1O 

15 

3 77 

39 48 

35 66 

50 00 

14 3i 

99 97 , 


16 

17 

2 98 

2 94 

43 71 

43 44 

16 29 

7 30 

58 27 

61 88 


> 

1 

1 

J 

Double salt and 
■ manganese chlo¬ 
ride 


to the mixed crystals with feme chloride investigated by Roozeboom, 1 
van der Kolk 2 and Mohr,' and with nickel and cobalt chlorides investi¬ 
gated by one of us 4 We shall call these crystals the a variety Nos 
10-15 again show variable composition of residue and solution They 
are represented in Fig 1 on the curves EF and GH It will be noted, 
however, that the curves are nearly vertical toward the end, which means 
that the composition of the residue is nearly constant but has variable 
solubility This shows the presence of a double salt The double salt 
described by Saunders contains 39 8% NH 4 C 1 , which is nearly the same 
as the residue of No 13, lying on that part of the curve which is nearly 
vesical Nos 14 and 15 contairi somewhat more manganese and less 
ammonium chloride than does the pure double salt It must be remem¬ 
bered, however, that the residues m determining solubility were of neces¬ 
sity very finely divided, in order to insure equilibrium with the solution, 
and were, therefore, somewhat contaminated with mother liquor This 
accounts for the variation in composition There seems, therefore, no 
doubt that the 2 1 double salt exists This 9enes of results, however, 

gives residues containing up to 64% of ammonium chloride, or about 
24% more than the pure double salt, showing that the latter forms a 

1 Z phystk Chem , 10, 145 (1892) 

* JUd , 11, 167 (1893) 

* Ibtd , 27, 193 (1898) 

* This Journal, 34, 880 (1912) 
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saies of mixed crystals containing an excess of ammonium chloride* 
These we have called 0 crystals. Before the solubility series was com¬ 
pleted, there appeared to be a complete series of mixed crystals between 
atomonium chloride and the double salt. Nos. 6-9 in Table I, repre¬ 
sented in the figure by the horizontals, have, however, practically constant 



Per cent. NH«C 1 in Residue. 

solubility with variable residue, showing that two solid phases were pres¬ 
ent. In this series* the a and 0 crystals were evidently both present in 
variable proportions. 

To obtain the pure double salt in well crystallized condition, we pre- 
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pared a solution whose composition was calculated from our solubility 
data, such that after 10% of the dissolved salts had crystallized, the 
remaining solution would have approximately the composition of the 
solution in No. 13. The amounts used were 52 g. NH 4 C 1 , 233 g MnCl 2 .- 
4H2O; and 204 cc. H 2 0 . The salt separated in good crystals, similar to 
those obtained by Saunders. It should be mentioned in this connection, 
that, where either form of mixed crystal was obtained, the material was 
in a fine granular, poorly crystallized condition, even when it separated 
slowly from a considerable volume. An analysis of the salt gave the 
following results * 

Calculated for 

I II 2 NH 4 CI MnCla 2HtO 

NH4CI 40 OI 40 05 39 80 

MnCla 47 21 46 96 46 81 

Another crop of ciystals was obtained from a solution which corresponded 
in composition with that of No. 14 in Table I. The analysis of this crop 
of crystals was as follows 

1 11 

NH4CI 39 00 38 99 

MnCla 47 47 47 59 

The large excess of manganese chloride in the solution caused some con¬ 
tamination, but the results are sufficiently close to the theory for double 
salt to prove that it was present. 

The results which have been given show that a very rare type of solid 
solution exists in the present case, in which a single salt and a double 
salt are each capable of taking up very considerable quantities of the 
other to form homogeneous mixed crystals. The case is somewhat similar 
in character to the isomorphism between dolomite and calcite. 1 Nos. 
6 and 9 in Table I show the approximate limits in composition of the a 
and 18 crystals at 25 °. 

Calorimetric Results. 

In connection with the work on solubility, we have carried out a series 
of calorimetric determinations which show the heat effect of solid solution. 
These results confirm the existence of the two types of crystals and also 
offer very strong evidence regarding the components which make up the 
mixed crystals. 

The method adopted was as follows The heat of solution of 10 g. 
of mixed crystals in 500 g. of water was determined. This determination 
was duplicated in every way except that an equal weight of a mechanical 
mixture of ammonium chloride and manganese chloride dihydrate was 
substituted for the mixed crystals. The difference gives the heat involved 
in the formation of the mixed crystals from the single salts. From these 
determinations, results which are comparable in different lots of mixed 
1 Am. J Set., 37 .339 (19*4). 
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crystals may neadfly be calculated. The calorimeter used in the work has 
been described by Haigh. 1 The silver containing-vessel held about 500 
cc. The thermometer U9ed was corrected by comparison with a standard 
instrument. The total heat capacity of the calorimeter, using 500 g. 
of water in all the work, was 513.7 calories. The salts were finely ground 
in every case and dissolved so rapidly that thermometer readings could 
be taken after an interval of two minutes. The temperature of the water 
in the outer jacket and in the silver vessel, and the rate of stirring, were 
so adjusted that radiation corrections were minimized. 

For the mechanical mixtures, it was necessary to prepare the dihydrate 
of manganese chloride, since both the double salt and the mixed crystals 
contain this component. The method used is that given by Lescoeur 1 
and by Dawson and Williams.* The method consists essentially in dis¬ 
solving the tetrahydrate in 95% alcohol and saturating the solution with 
hydrochloric acid gas. For our purposes, 200 g. of the salt were dissolved 
in 350 cc. of alcohol. The first yield was about 100 g. of the salt, but 
more separated later after standing. The product obtained is exceedingly 
pure. It was dried in a desiccator over caustic potash and finally heated 
in an air bath at 50° to remove traces of alcohol and acid. To test the 
purity, manganese was determined as sulfate: 

MnCli found: 77-66, 77.72; calc. 77.74. 

Four samples of mixed crystals were prepared. Two of these were the 
fi crystals, one was the a form and the other (No. 2) prepared before we 
were aware that two forms existed, was nearly pine a , with probably 
a slight admixture of the 0 form. The composition of the solutions from 
which the samples crystallized was calculated from solubility data, al¬ 
lowing about 10% of the salts dissolved to crystallize. The crystals 
were small and opaque. Those belonging to the 0 type had a marked 
pink color, while the others, with more ammonium chloride, were more 
nearly white. The following results were obtained by the analysis of 
each crop. 


NH«C 1 . %. 

MnCh, %. 

HjO, %. 
/Calculated as\ 

\ dihydrate. / 

Total. 

Type of 
crystals. 

.... 78.55 

16 99 

4.80 

IOO.34 

a 

... 75-00 

19.78 

5-53 

IOO.31 

Of 4 

- 61.25 

29.55 

8.46 

99.26 

0 

.... 47.96 

40.51 

11.59 

100.06 

0 


The above results represent, of course, the average composition of each 
sample. Undoubtedly the first crystals deposited from solution contained 
somewhat more ammonium chloride. The percentages given were re- 

• This Journal, 34, 1144 (19x3). 

• Ann. dim. phys ., (7] a, 7B (1894)- 

• Z. pkytik. Chem 31,59 (1899). 

4 Probably contained a small amount^of^. 
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calculated to an even 100% when mechanical mixtures were to be made 
of the same composition. 

The following calorimetric results were obtained, using the mixed crystals 
whose composition is given above, and mechanical mixtures of the same 
composition (Tables II-V). The heat capacity of the calorimeter and 
water, was in all cases 513.7 calories. 

Table II. 

a Mixed Crystals, 78.38% NH4CI. 




Heat effect Average heat 


h —<1- 

(in calories). effect (in calories). 

x. Meehan, mixture. 


—432 * 1 

—432.6 

2. Meehan, mixture. 

. —0-843 

—433-1 J 

3. Mixed crystals... 

. —O.815 

—418.7 1 

> —4195 

4. Mixed crystals... 


—420.2 


Table III. 



a Mixed Crystals (chiefly). 74.69% NH4CI. 


1. Meehan, mixture. 

. —0.771 

- 396 . I 

' —394-8 

2. Meehan, mixture. 

. —0.766 

—393-5 

3. Mixed crystals... 

. —0*755 

—387-9 1 

’ —389.4 

4. Mixed crystals... 


—390 9 


Table IV. 




ft Mixed Crystals. 61.99% NH<C1. 


1. Meehan, mixture 

. —0.472 

—242.5 


2. Meehan, mixture 

. —0.467 

—239.9 

-240.6 

3. Meehan, mixture 


—239.4 


4. Mixed crystals. . 

. —0.537 

—275-9 

[ —274-9 

5, Mixed crystals.. 

. —0.533 

—273*8 


Table V. 




ft Mixed Crystals. 47 98% NH 4 C1. 


x. Meehan, mixture 


— 85.8 


2. Meehan, mixture 


- 82.7 

\ — 83.6 

3. Meehan, mixture 

. —0.160 

— 82.2 

4 Mixed crystals.. 


—X23.8 

[ —121.8 

5. Mixed crystals.. 

. —0.233 

—119-7 j 


The actual heat effect caused by the formation of 10 g» of mixed crystals 
from the single salts is obviously equal to the heat of solution of the me¬ 
chanical mixture minus that of the mixed crystals. These values are 
given in Table VI. 

Table VI. 

Heat of Formation of 10.00 g. Mixed Crystals from the Single Salts. 


NHUCl Type of Heat effect 

is salt. %. crystal. (in calories). 

1 . 7$-38 a —13 .1 

2 . 74*89 a (chfcfly) — 5.4 

3 . 81.99 0 +34*3 

4 . 47.98 0 +38.2 
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There are two coaduakmg to oe drawn from these results without 
recalculating them in any manner. The heats of formation are small 
compared with the heats of solution of the salts in water and the heat of 
formation of the 0 crystals is positive while that of the a crystals is nega¬ 
tive. The small heat of formation is perhaps to be expected, as the few 
values which have previously been determined on the heat of formation 
of mixed crystals have all been small. The positive and negative heats 
of formation offer further evidence that the a and 0 crystals are of different 
type. 

To recalculate the above results on a gram molecular basis, brings up 
the question of what components are to be considered in the mixed crystals. 
The 0 crystals can hardly be considered otherwise than a solid solution 
of ammonium chloride in the double salt, but it is evident that the a 
crystals may be considered as a solid solution, either of the double salt, 
or of manganese chloride dihydrate, in ammonium chloride. Any thermal 
calculation based on the double salt requires its heat of formation from 
the single salts. This has been determined by the method given above, 
using, as before, 10 g. of material in each determination. 

The results obtained are in Table VII. 

Table VII. —Heat of Formation of Double Salt 2NH4Cl.MnCls.2H1O from NH4CI 

AND MdC 1 |. 2 HsO. 

Molecular heat 
Heat effect Average of formation 

k - ti . (in calories) heat effect of double salt. 

x. Meehan, mixture. +0.025 +12.8 

a. Meehan, mixture. +0.033 +17 0 - +15.8 

3. Meehan, mixture. +0 034 +17 5 , 


+1084 calories 

4. Double salt. —0.051 —26.2 

5. Double salt. —0.046 —23.6 —24.5 

6. Double salt. —0.046 —23.6 


From the data we have calculated the heat of combination of 1 gram 
molecule of double salt with ammonium chloride in the a crystals and of 
1 gram molecule of ammonium chloride with the double salt in the 0 
crystals. The results are given in Tables IX and X. 

Table IX.— Heat of Combination of 1 Table X.— Heat of Combination of 

Mol Double Salt with Ammonium x Mol Ammonium Chloride with 

Chloride (a Crystals). Double Salt (0 Crystals). 


Tout 
per cent. 

NH 4 CI 
in mixed 
cry* tell. 

Mole 

NH 4 CI: 

1 tad 
doable 

•alt 

Heat of 
combU 
nation. 


Total 
per cent. 

NH«C1 
in mixed 
crystals. 

Mols 

doable 

salt: 

1 mol 
double 
salt. 

Heat of 
combi¬ 
nation. 

78.38 

8.97 

—2067 

3 . 

. 61.99 

O.34 

+1*9 

74.89 

. 8-93 

—1427 

4. 

. 47.98 

1.26 

+*33 


No. 2 is probably the least accurate, for reasons previously given, and the 
result is low. Nos. 3 and 4 show nearly constant heat of combination. 
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In Table XI the thermal results are recalculated to show the heat of 
combination, assuming that the mixed crystals are merely solid solutions 
of MnCla.aHsO in ammonium chloride. 

Tablb XI —Hbat op Combination op i Mol MnCU 2H1O with NH4CI. 

Per cent. Heat 

NH4CI In effect 

mixed crystals Cals 

1 78 38 — 981 

2 74 69 345 

3 61 99 +1461 

4 47 96 +1189 

The results given in Tables IX-XI throw some light on the question 
which has often been discussed, as to how these mixed crystals, and others 
of similar type, are to be regarded. Previously, only the a type of crystals 
has been investigated and there has been no means of deciding whether 
the component in solid solution was the chloride of the polyvalent metal 
or a double salt of the latter with ammonium chloride. Without means 
of deciding, the simplest method of representing the facts has been to 
regard the crystals as solid solutions of the single salt in ammonium 
chloride. The heats of combination or solid solution given in Tables 
IX and X, assuming that the components are ammonium chloride and 
double salt, are at least approximately constant for each type of crystal, 
a regularity which is comparable with the nearly constant heat of solution 
of a salt m water with varying dilution. As will be shown in the article 
which follows, the heat of solid solution in a simple case of isomorphism is 
also very nearly constant, independent of dilution. Assuming that mixed 
crystals of ammonium chloride and manganese chloride form, Table XI, 
there is no constancy or regularity evident. The evidence, it seems to 
us, shows that the double salt is present in both types of mixed aystals. 
The fact also that the double salt can take up ammonium chloride (0 
crystals) makes it fair to assume that the reciprocal relation exists of the 
double salt in ammonium chloride (a crystals). 

The a crystals are similar in solubility relations to the mixed crystals 
with nickel and cobalt chlorides, although no corresponding double salts 
form in pure condition. These should undoubtedly be 'regarded as be* 
longing to the same type, containing the unstable double salts 2NH4CI.- 
NiCl*.2H*0 or 2NH4Cl.CoCU.2HsO in ammonium chloride. 

It may be worth while to point out that there are other cases of solid 
solution between dissimilar substances, where there is uncertainty as to 
the components. For instance, pyrrhotite may be regarded as a solid 
solution of pyrite or of sulfur in ferrous sulfide; a hardened steel may be 
considered as a solid solution of iron carbide or of carbon in iron, and 
nephelite, as it occurs in nature, as a solid solution of albite or of silica 
in the compound NaAlSiOi. Analogy with the case investigated suggests 



*m ; * *m» uxm- > 

that the compaofot* In these Stances are iron sulfide and pyrite, iron *ad 
iron carbide and aephelite and albite. Further investigation is needed, 
however, to decide these points. 

Snvmu) Chemical Laboratory. 

Yaui Uwvmmf, Nsw Havbm, Conn. 


ON THE HEAT OF FORMATION OF SOLID SOLUTIONS. 

By H. W. Foots and Blaze Saxton. 

Received June 15, 1914 

Ever since van’t Hoff pointed out that isomorphous mixtures could be 
considered as solid solutions, the problem has been ap interesting one 
as to what extent the propertied of such mixtures are a linear function of 
composition. It is safe to say that, in general, the properties are much 
more nearly linear than are the properties of liquid solutions. For instance, 
probably no isomorphous mixtures diverge as widely in properties from 
a linear relation as solutions of water and nitric add. This is because 
substances which are isomorphous are usually very dosely related chem¬ 
ically, while liquids which are totally unrelated may dissolve each other 
readily. Some properties are so nearly linear that it has not been possible 
to measure any difference. Retgers has shown, for example, that the spe¬ 
cific gravity of isomorphous mixtures is in general what would be calculated 
if they were considered as mechanical mixtures. This property, however, 
cannot be measured with very great accuracy and it is probable that a 
difference does exist but that it is small. Melting points and vapor 
pressures, so far as they are known, commonly show small variations from 
the linear relation. These small variations in properties are an expression 
of the fact that isomorphous mixtures contain a somewhat different amount 
of energy than mechanical mixtures of the same composition do and that 
isomorphous mixtures have what may be termed a heat of solid solution 
which, in general, is small. Ostwald 1 demonstrated this in a few cases 
before van’t Hoff’s work appeared, and the same has been shown since, 
notably by Sommerfeldt,* Beketoff, 1 Kumakov and Zemcynznyj 4 and 
Wrzesnewski. 1 The results all show that there is a small positive or 
negative heat of formation. 

Salts which are isomorphous with each other only to a limited extent 
are in some ways comparable with partially miscible liquids. The com¬ 
position of each solid, when it has become saturated with the other, is 
a function of the temperature, as it is with liquids. With liquids, however, 

1 S. prakt. Chem ., 35, x (18MK 

* Jahrb. Mineral., Btibi., 13,435 (1899-1901). 

* Z. anorg. Chem., 40,335 (1904). 

4 Ibid., 53 ,186 (1907). 

1 /. Russ. Phy$. Chem. $oc„ 43, 1364 (191 x). 
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temperature usually, though not always, affects the solubility of each one 
in the other in the same way. Thus, rising temperature increases the 
solubility of aniline in water and of water in aniline. With solids, so far 
as we are aware, a change in temperature has opposite effects on the solu¬ 
bility of each solid in the other. For instance, silver and sodium chlorates 
each form a limited series of mixed crystals with the other. 1 As the tem¬ 
perature rises, the amount of sodium chlorate which silver chlorate can 
take up, forming tetragonal crystals, falls off, while the amount of silver 
chlorate increases which is taken up by sodium chlorate to form cubes. 
It appears from the principle of Le Chatelier that there should be a con¬ 
nection between the heat of solid solution and change in the mixing limits 
with temperature. Since the solubility of sodium chlorate in silver chlorate 
decreases as the temperature rises, the heat of solid solution should be 
positive while the reverse should hold for the other type of mixed crystals. 
Strictly, this would be true for the heat of solid solution only when the 
crystals are near their mixing limit, but there is evidence that this value 
does not change greatly with dilution. 

In the present article, we shall give the results of an experimental 
determination of the heats of solid solution of sodium chlorate in silver 
chlorate and of silver chlorate in sodium chlorate. The same method has 
been used in obtaining the heats of solid solution that other investigators 
have used for a similar purpose. It consists essentially in determining 
the heats of solution in water of the mixed crystals and of mechanical 
mixtures having the same empirical composition. The heat of solution 
of the mechanical mixture minus that of the mixed crystals gives the heat 
of formation of the latter from the single salts. 

The silver chlorate used in this work was prepared by treating precipi¬ 
tated silver carbonate in excess with a solution of chloric acid, filtering 
and evaporating to crystallization. It was recrystallized before use. 
The chloric acid required in making this salt was prepared by treating 
a solution of pure barium chlorate with a calculated amount of sulfuric 
add. The solution gave no test for either barium or sulfuric add. So¬ 
dium chlorate was prepared by recrystallizing the cojpmerrial product/ 

Four samples of mixed crystals were prepared, using the data given 
by Foote* as a guide in making up the solutions. Two of the samples 
were on the sodium chlorate side and crystallized as cubes. The others 
contained an excess of silver chlorate and were tetragonal. In their analy¬ 
sis, silver was determined as chloride and calculated to chlorate. Sodium 
chlorate was determined by difference. Following are the analyses of 
the four samples used: 

1 Foote, Am. Chem. J. t VJ , 345 (1902). 

* Loc.cU . 
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AfOOi. 

%* 

NsOO* 

1. Isometric.... 

15.02 

84.98 

2. Isometric. . 

30 31 

69.69 

3. Tetrahedral. 

63 79 

36 21 

4. Tetrahedral 

73 84 

26.16 


All samples were finely ground and sifted before use. It was necessary 
to use bolting cloth in place of a metal sieve when silver chlorate was 
present 

The calorimeter was the one mentioned in the preceding article, and was 
described by Haigh. 1 The stirrer was made of glass instead of brass to 
prevent a reaction with the solution. The greatest care was taken to 
make the conditions in the different determinations as nearly alike as 
possible The rate of stirring and the temperature of the water in con¬ 
taining vessel and outer jacket were so regulated that radiation corrections 
were minimized The results obtained are given in Tables I-IV. 


Tabus I—Silver Chlorate tn Sodium Chlorate 



15 02% AgClOi 

Isometric mixed crystals 



Weight 


Heat 

capacity of Heat 
calorimeter effect 

Average 
heat effect 

Material 

s 

k—h 

(Calories) 

Meehan mixture 
Meehan mixture 

IO OO 

10 00 

— O 929 0 
—O 932 

513 7 —477 31 
513 7 —478 8 J 

^ . —478 1 cal 

Mixed crystals 

10 00 

—0 9x6 

513 7 —470 6 1 

[ —4701 

Mixed crystals 

10 00 

—0 914 

513 7 —469 5 J 


Table II —Silver Chlorate in Sodium Chlorate. 
30 31 % AgClOs Isometric mixed crystals 


Median, mixture 

10 00 

—0 893 

513 6 

—460 4 


Meehan mixture 

XO 00 

— 0 896 

514 8 

- 46l I 

- 462.2 

Meehan, mixture.. 

. 10.00 

— 0.902 

3146 

—464.1 

Meehan, mixture.. 

. 10 00 

-0.900 

3146 

—463.1 , 


Mixed crystals_ 


—0.872 

315.6 

— 449-6 1 

L 

Mixed crystals.... 


—0.871 

313.6 

—449 - * J 

\ —449 4 

Table III. — Sodium Chlorate in Silver Chlorate. 

83 79% AgClO*. Tetragonal mixed crystals. 

Median, mixture.. 


— 0.829' 

’ 3 * 5-6 

~ , ' 4 * 7’4 1 


Median, mixture.. 


—0.833 

313.6 

| 

— 430.5 | 

— 429.3 

Meehan.' mixture.. 


—0.834 

513.6 

— 430.0 ; 


Mixed crystals- 


—0.886 

515.8 

— 458.8 1 

[ — 436.8 

Mixed crystals.. 10.00 

1 This Journal, 34,1144 (1912). 

—0.886 

315.6 

—456.8 J 
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Table IV. —Sodium Chlorate in Silver Chlorate. 


73.84% AgCIO*. 

Material. Weight. 

Meehan, mixture. 10.00 

Milchan. mixture. 10.00 

M<phan. mixture. 10.00 

Meghan, mixture. 10.00 

Meehan, mixture.. 10.00 

Meehan, mixture. 10.00 

Mixed crystals. 10.00 

Mixed crystals. 10.00 


Tetragonal mixed crystals. 
Heat 

capacity of Heat 
k —<1. calorimeter, effect 


Average heat 
effect. 
(Calories.) 


—O.818° 5 1 4•6 —420•9 

—0.813 5I4«6 —418.3 

—0.818 5I4-6 —420.9 

—0.829 514.6 —426.6 422.8 

—0.823 514.6 —423 5 

—0.829 514.6 —426.6 

—0.859 514-6 —442.0 

—0.857 514.6 —440.9/ “ 441.5 


From the results given above, we have calculated the heat effect due 
to the formation of a solid solution by one mol pf solute (Table V). 


Table V.— Molecular Heat or Solution. 


No 

Type of 
crystals. 

Mols solvent - 
1 mol solute. 

Heat effect 
of 10 g. 

Molecular heat 
of solution. 
(Calories.) 

I. 

Isometric. 

10.17 NaCIO* 

— 8 O 

—1019 (AgCIO*) 

2. 

Isometric. 

4.13 NaCIO* 

—12.8 

—1017 (AgClOi) 

3 - 

Tetragonal. 

0.98 AgCIO* 

+27.5 

+ 809 (NaCIO,) 

4 . 

Tetragonal. 

1.57 AgCIO j 

+ 18.7 

+ 761 (NaCIO.) 


Both molecular heats are small and of opposite sign. The values for 
the isometric crystals are practically constant, showing that in this case 
there is little or no heat of dilution. In the other case, the variation, 
though small, is probably greater than the errors of experiment, so there 
appears to be a small heat of dilution. 

The solubility of each salt in the other at different temperatures, given 
by Foote, 1 is as follows: 


Isometric. Tetragonal. 

Molec. per cent. Molec. per cent. 
Temp. AgClOi in NeCIQi. NaClOi in AgClOi. 

12°. 14 33 50.04 

25 0 . 18.45 4819 

35°. 21.73 47.92 

50 0 ..... 26.56 47-10 


The amount of silver chlorate which can be taken up by the sodium 
salt to form mixed crystals increases with the temperature. As Table V 
shows, the process is accompanied by absorption of heat. The reverse 
is true in the case of the tetragonal crystals. In the relation of the heat 
of solution to the temperature coefficient of solubility, the law of Le Chate- 
lier is, therefore, applicable to solid solutions as well as to solutions of 
other types. It may be well to add that, on the other hand, the van’t 
Hoff equation 

d In C 
dT " 2T*' 


1 hoc. tit. 


















*7o 8 wimw UMGXjpa taro o. x. 7. wtsur. 

which gives for dBote liquid stations a quantitative connection betwqfcn 
the temperature coefficient of solubility and the heat of solution, does gbt 

apply- 

ft nwaw Ciumpcal La»o*ato*y, 

Yalx Umxvxmxty, Nxw Havxn, Conk. 

THE DISSOCIATION OF HYDROGEN INTO ATOMS, p 
Part I. Experimental. 

By Ixvxno Langmotk and O. M. J. Mack at. * 

Received June 15, 1914. 

Some early measurements 1 of the heat loss by convection from heated 
tungsten wires in hydrogen showed that the loss increased at an abnormally 
high rate when extremely high temperatures were reached. p 

A little later* a series of measurements on the heat convection from 
various kinds of wires in different gases led to a general theory of convec¬ 
tion from hot bodies, which makes possible the approximate calculation 
of heat losses from a wire at any temperature in any gas which behaves 
normally. 

With hydrogen, the theory led to results in dose agreement with the 
experiments, up to temperatures of about 2300 ° K. Above this, however, 
the observed heat loss increased rapidly until at 3300 0 K., it was over 
four times the calculated value. 

This fact suggested that the hydrogen was partly dissodated into atoms 
at these high temperatures. 

In a subsequent paper, 3 the theory of heat conduction in a dissoriating 
gas was devdoped to apply to this case. 4 It was shown that tbe power 
required to heat the wire could be expressed as the sum of two terms, 
thus: m 

W - W c + W D , (1) 

1 Langmuir, Trans. Am. Electrochem. Soc., ao, 225 (1911). 

1 Langmuir, Phys. Rev., 34, 401 (1912). 

• Langmuir, This Journal, 34, 860 (191s). 

4 At the time of publication of the above mentioned paper, I was unaware that 
Nernst had previously (Boltzman, Festschrift, 1904, p. 904) developed a quantitative 
theory of the heat conduction in a dissociating gas, and had shown that the heat con¬ 
ductivity of nitrogen peroxide, determined by Magnanini, agreed well with that calculated 
by his equations from the known degree of dissociation of this substance. Nernst 
showed that the effect of the dissociation is to increase the heat conductivity of a gas 
by an amount equal to 



He does not, however, show that this leads to the very simple and useful form of equation 
devdoped by the writer, namely, 

„ Wz> - SD$(C—C'). 

Nernst points out that the heat conductivity of gases may be used not only to detect 
dissociation qualitatively, as R. Goldschmidt (Thesis, Brussels, 1901) had shown* but 
in some cases to determine the degree of dissociation quantitatively. (I. LahOmuxr.) 
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'[Here W is the total power (in watts per centimeter) required to main- 
ta|i the wire at a given temperature T*. 

Wc represents the part which is carried by ordinary heat conduction 
and follows the usual laws of heat convection, namely: 1 

* f Ts 

\ W c = s\ WT=Sfo-W (2) 


S is called the shape factor and depends on the diameter of the wire 
and the nature of the gas, but is independent of the temperature of the 
wire, k is the coefficient of heat conductivity of the gas, W D represents 
that )art of the heat loss which is dependent on the dissociation of the gas. 
It was shown that W d could be expressed thus: 

W D - SD<?iCi (3) 

where S is the shape factor, D is the diffusion coefficient of hydrogen atoms 
through molecular hydrogen, q x is the heat of formation of hydrogen 
molecules from 1 g. of hydrogen atoms, and Ci is the concentration of hy¬ 
drogen atoms (grams per cc.) in the gas immediately in contact with the 
hot wire. 

The experiments gave W directly (after subtracting the heat radiated 
from the hot wire). The value of W c could be calculated by (2) and thus 
equation (1) led to a determination of Wd. 1% substituting in (3) the 
values of S and W d> the product T>q x Ci was obtained from the results of 
the experiments. 

It was then necessary to estimate the approximate value of D. This 
was done by guessing the probable free path of hydrogen atoms through 
hydrogen molecules by analogy with other gases and by then substituting 
this value in an equation, derived from the kinetic theory, which expresses 
the diffusion coefficient in terms of the normal free path. 

Having thus chosen D and dividing this into the known value of "DqiCu 
the product q x c\ was found. Van't Hoff's equation gives a relation be¬ 
tween qi and the temperature coefficient of c x , Since qi is nearly inde¬ 
pendent of the temperature, the temperature coefficient of c x must be 
practically equal to that of qiC h so that in this way q% could be found. 
From this, the value c x and the degree of dissociation was then calculated. 

The degree of dissociation of hydrogen into atoms (at atmospheric 
pressure) was thus calculated to be 1.2% at 2300° K., and 44% at 3100° K., 
and 84% at 3500° K. The heat of formation of the molecules from the 
atoms was given at 130,000 calories (for 2 g. of hydrogen). 

These results seemed to conflict seriously with the measurements of the 
specific heat of hydrogen obtained by the explosion method. Pier* had 

1 Phys. Rev,, /. c. 

* Zf Elektrockm 15, 536 (1909). 
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not recondense on replacing lRpiid air. The hydrogen may deposit on 
cooled glass surfaces, even in tubing at a considerable distance from the 
bulb. This hydrogen has remarkable chemical activity and will react 
with oxygen and phosphorus at room temperature. These effects are not 
due to the catalytic effect of finely divided metal deposits. The active 
hydrogen is not affected by an electrostatic field and therefore does not 
consist of hydrogen ions. 

2. The active hydrogen thus produced can diffuse through long tubes 
(at low pressures) and can then dissolve in platinum (at 50 °) and cause a 
marked increase in its electrical resistance and corresponding decrease in 
its temperature coefficient. Ordinary hydrogen, under similar conditions, 
will not do this. These effects have been described in some detail by 
Freeman. 1 

3. It has been found that tungstic oxide, WO*, platinum oxide, Pt 0 2 , a 
and many other substances, placed in a bulb containing a tungsten filament 
and hydrogen at very low pressures, rapidly become chemically reduced 
when the filament is heated to a temperature exceeding about 1700° K. 
although otherwise they are not acted on by hydrogen. 

Many of these phenomena have been studied quantitatively in some 
detail, and the results seem consistently to be in accord with the theory 
tthat a portion of the hydrogen which comes into contact with the hot 
wire is dissociated into atoms. These, perhaps because of strong un¬ 
saturated chemical affinity, tend to adhere to glass surfaces even at room 
temperature. Some, however, leave the glass and wander further. Grad¬ 
ually the glass surfaces become charged with hydrogen atoms to such an 
extent that any fresh atoms striking the surface, combine, even at liquid 
air temperatures, with those already present. In case the atoms strike 
a metal surface such as platinum, they dissolve in it up to a considerable 
concentration. 

The foregoing results afford satisfactory proof that hydrogen, par¬ 
ticularly at low pressures, is readily dissociated into atoms by metallic 
wires at very high temperatures. 

There is, however, good reason to suspect that the actual values for 
the degree of dissociation previously given are considerably too high. 
The cause of this was thought to be an incorrect assumption as to the 
diffusion coefficient of hydrogen atoms through molecular hydrogen. 

The remainder of the present paper deals with the results obtained by 
two methods which lead to more or less quantitative data on the dis¬ 
sociation) without necessitating any assumptions as to the magnitude of 
th* diffusion coefficient. 

35 , 927 <1913). 

1 deposited on the bulb by heating Pt at very high temperature in Os 

at low pressure or by passing a glow discharge between Pt electrodes in O* at low pressure 
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The first method is based on measurements of the total heat losses from 
tungsten wires at a series of different pressures, ranging from 10 mm. up 
to atmospheric pressure. If the previous results were correct, that is, 
that hydrogen is 44% dissociated at atmospheric pressure and 3100° K, 
then, at a pressure of 10 mm., the dissociation should be 96.5% A further 
rise in temperature could then only slightly increase the degree of dis¬ 
sociation, for it is already close to the limit of 100%. We see, then, from 
equation (3), that the heat loss under these conditions would have only a 
very small temperature coefficient It was hoped, at the outset of these 
experiments, that the actual degree of dissociation could be determined 
from the decrease in the temperature coefficient of Wd as the pressure was 
progressively lowered. 

The experiments to be described have shown, however, that even at 
10 mm pressure the temperaturt coefficient of W D is practically as great 
as at atmosphenc pressure, showing that even at these low pressures the 
hydrogen around the wire is not nearly completely dissociated. These 
experiments, however, give an upper limit to the degree of dissociation. 

In the second method, measurements were made at very much lower 
pressures, from o 01 mm. up to o 2. At the lowest pressures, the conditions 
should become very simple, for the molecules travel in straight lines di¬ 
rectly from filament to bulb. Under such conditions, the hydrogen atoms 
produced practically never return to the filament without having struck 
the bulb many times and having had ample opportunity of recombining. 
The filament is, therefore, struck only by hydrogen molecules, and from 
the formula 


m 


V 2 


M ‘ (5) 

I 2 ttRT P 

the rate at which the hydrogen molecules reach the surface may be cal¬ 
culated. If, then, the heat loss be determined by experiment, the energy 
earned away by each molecule can be calculated. If, by heating the fila¬ 
ment to very high temperatures, a condition could be reached m which 
every hydrogen molecule which strikes the filament becomes dissociated, 
then those experiments would lead to a direct determination of the heat 
of formation (heat absorbed by dissociation) of hydrogen molecules 
In the absence of definite evidence that the dissociation is complete, the 
method gives at least a lower limit for the heat of formation. 
Experiments on the Heat Losses from Tungsten Wires in Hydrogen. 

1. Higher Pressures. —In the experiments upon which the former cal¬ 
culations of the dissociation were based, the measurements of heat loss 


1 Here m is the rate (in grams per sq cm per second), at which the hydrogen corner 
mto contact with the filament M is the molecular weight of H* (* e, 2), T is the tem¬ 
perature of the bulb, and p is the pressure of the hydrogen in the bulb The derivation 
of this equation has been given in a previous paper ( Phys Rev , N 5,3, 329 (1913)) and 
Phystk. Z., 14, 1373 (1913) 
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were made from shot piedU of tungsten wire mounted vertically in a 
large glass tube open at the lower end, through which a fairly rapid stream 
of hydrogen passed. The temperature in most cases was determined 
from the resistance. The relation between resistance and temperature 
was,* however, found by measurement of the intrinsic brilliancy of pieces 
of the same wire mounted in exhausted bulbs. 

In the present experiments, it was desired to employ a series of different 
pressures of hydrogen around the filament, and furthermore, to avoid 
injury to the wire by impurities in the hydrogen. 

The method adopted was therefore to mount single loop filaments of 
pure tungsten wire in large heater lamp bulbs (cylindrical bulbs about 
25 cm. long and 7 cm. diameter) which were filled with pure, dry hydrogen 
at various pressures. These were then set up on the photometer bench 
and a series of simultaneous measurements of candle power, current and 
voltage were made. The color of the light emitted was also accurately 
matched against that from a standard lamp viewed through a special 
blue glass. 1 

Before filling the bulbs with hydrogen, they were exhausted to o. 1 micron 
pressure for an hour while heated to 360 °, and the filaments were heated 
to a high temperature to drive off gases. The hydrogen was prepared 
electrolytically and was freed from oxygen and water vapor with extreme 
care. 

Thirty lamps were made up for these experiments. Fifteen of these 
were filled with hydrogen at the following pressures* 1, 10, 25, 50, 100, 
200 and 750 mm. Six were exhausted to a good vacuum in order to de¬ 
termine the amount of energy radiated. The remainder were filled with 
pure nitrogen at various pressures, to compare the heat loss in this gas with 
that in hydrogen. 

The wire used in all lamps was 0.00706 cm. diameter. In every case it 
was welded to nickel leads with tungsten or molybdenum tips. The 
length of wire used in the hydrogen lamps ranged from 5 to 9 cm. and 
in the vacuum and nitrogen lamps, from 6 to 12 cm. It was necessary 
to use rather short lengths in hydrogen in order to be able to heat the wire 
to the melting point without using voltages over 200 volts. 

Temperature Measurements .—The temperatures were determined, as 
has been usual in this laboratory, by the relation 

* 7.029—log H ^ 

where H is the intrinsic brilliancy of the filament in international candle 
power per sq. cm. of projected area. On this scale the melting point of 

^ 1 This method has proved extremely accurate and serviceable as a means of corn- 
pans^ the temperatures of tungsten filaments. It is described in some detail by 
Langmuir and Orange, Proc Amer Inst Elect Eng , 32, 1895 (19x3). 
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tungsten proves to be 3540° K. (by direct experiment). This value we 
consider to be more probable than the lower values usually given. 

The temperatures were also determined by two auxiliary methods: 
by measurement of the resistance and by matching the color of the emitted 
light against that of a standard provided with a blue screen. In both 
these methods, however, the primary standard of temperature was the 
one given above, based on the intrinsic brilliancy of the filament. 

It was found in nearly all experiments that the three methods gave 
concordant results. The presence of hydrogen or nitrogen did not change 
either the resistance or the color of the light emitted from a filament set 
up at a given intrinsic brilliancy. Discordant results were obtained only 
in the experiments in vacuum or low pressures of gas after the filament 
had been heated some time above 3200 0 K. and had evaporated so that 
the bulb had blackened and the diameter of wire had changed. 

In order to avoid errors in temperature due to the cooling effect of the 
leads, the candle power was usually determined through a slit, one or two 
centimeters wide, placed horizontally in front of the lamp. In this way, 
the intrinsic brilliancy can be determined with accuracy. 

At temperatures below 1800° K., the candle power determinations 
were too inaccurate to be suitable for temperature measurements. The 
temperatures were, therefore, found in these cases from the resistance, 
proper correction being made for the cooling effects of the leads. 

Before making measurements on the lamps, they were thoroughly aged 
by running them for 24 hours with the filaments at a temperature of about 
2400 0 K. With the hydrogen and nitrogen of the purity U9ed in these 
experiments, this treatment produced no perceptible injury of the filament. 
’ During the first few hours of aging, the filament, even in vacuum lamps, 
undergoes slight changes in resistance,' and it was with this object, as well 
as to test the purity of the gases, that the lamps were subjected to the aging 
process. 

The lamps were then set up on the photometer one*by one, and measure¬ 
ments of current, voltage, candle power and color were made. About 
30 to 50 sets of readings were taken with each lamp, raising the voltage 
usually in steps of 2.5 to 5 volts at a time. The temperature was thus 
gradually raised from 800 0 K., up to about 2900 °. Then a series of points 
was taken at descending temperatures and finally the temperatures were 
raised to temperatures of 3000 0 and more, frequently repeating some of 
the measurements at lower temperatures to see if the filament had under¬ 
gone any change. The readings up to 3000 0 K. could be taken without 
haste, as the filament undergoes only relatively slow changes below this 
temperature. Above this temperature the readings were taken as rapidly 
as possible, and at wider intervals (usually 10 Volts). These precautions 
were especially necessary with the lamps containing less than 100 mm. of 
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gas. In those containing nearly atmospheric pressure of either hydrogen 
or nitrogen, there was never any perceptible darkening of the bulb, and 
the loss of material from the filament was extremely small, even when the 
temperature was raised several times very close to the melting point of 
the filament. 

From the data thus obtained, the power consumption (in watts per 
centimeter of length), the temperature, and the resistance (per centimeter) 
were determined. The watts per cm. were plotted on semi-logarithmic 
paper against temperature and smooth curves drawn through the points. 

Most of the points fitted very closely (within i or 2%) with the smoothed 
curves, and it was only rarely, at very low and at very high temperatures, 
that deviations as great as 5% were observed. 

The results of these experiments are summarized in Table I. The 
energy radiated from the filament per second (in watts per centimeter of 
length) is given in the second column under the heading W r. This was 
obtained from the lamps with well exhausted bulbs. The resistance 
(in ohms per centimeter) of the filament is given in the third column 
headed R. These values represent the averages of all the lamps. There 
was no appreciable difference in R for the gas filled and the vacuum 
lamps. The next six columns contain the data obtained from the bulbs 
containing hydrogen. The figures give directly the energy carried from 
the filament by the gas, the values tabulated being obtained by subtracting 
W* from the observed total power consumption (in watts per cm.). 

The last five columns contain similar data obtained from the nitrogen 
filled lamps. 

Simple observation of these figures show the very striking difference 
in the effects in the two gases. In nitrogen, the values decrease steadily 
as the pressure is reduced, and in hydrogen, at the lower temperatures, the 
same decrease is observed. But at higher temperatures, in hydrogen, 
the power consumption is considerably greater at lower pressures than at 
atmospheric pressure. 

The conclusions drawn from these measurements will be considered 
later, together with the results obtained at still lower pressures. 

Lower Pressures .—In these experiments, measurements of the power 
consumption were made at a series of temperatures, with pressures ranging 
from 0.01 mm. up to 13 mm. The measurements were made while the 
lamps containing the filaments were connected to a vacuum system con¬ 
sisting of two McLeod gages (one for lower and one for higher pressures) 
and a Gaede mercury pump. The lamps were first exhausted at 360° 
for an hour and a trap immersed in liquid air placed directly below the 
lamps condensed'the moisture given off from the glass. 

The candle power was measured during the experiments by a portable 
Weber photometer. The characteristics in vacuum at temperatures 
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ranging from 1500 to 2500 K. were first determined and then a few 
centimeters (pressure) of pure hydrogen was admitted to the system and 
pumped out to a pressure of 13 mm. A series of measurements of current, 
voltage and candle power was again made. In this way, m the first ex* 
periment, the characteristics were measured at pressures of 13.1, 6.5, 2 5, 
1.2, 0.53, 0.218, 0.102 and o 045, 0.020 and 0.010 mm and at 0.0001 mm. 
In a second experiment, measurements at a few pressures were made as 
a check on the preceding. 

In the third experiment, made a few weeks later, a much more complete 
series of measurements was made, extending the range of observations 
from noo° to 2900 0 K. Higher temperatures were avoided, in order 
not to cause any evaporation of the filament The pressures employed 
in this set of tests were 4.4, 1 10, 0.207, 0039, 0.015 and 000007 mm. 
At each pressure about 30 readings at different temperatures were taken. 

The results of the third experiment were in excellent agreement with 
those of the first two. Since the former covered so much wider a range, 
only these results are given m this paper. 

The tungsten wire used for these experiments was taken from the same 
spool as that used in the experiments at higher pressures 

The filament was mounted horizontally in a straight piece 9.85 cm. long 
Because of the cooling effect of the leads, it was assumed that the effective 
length of the wire for calculation of the watts per centimeter was 9.4 cm. 
The bulb was a cylindrical bulb with rounded ends, about 10 cm di¬ 
ameter and 18 cm. long, and the filament was supported in its axis 

Table II. 

Heat carried by hydrogen watte per cm 


T«mp 

w* 

R 

4 40 
mm 

1 10 
mm 

0 207 
mm 

0 039 
mm 

0 015 
mm 

IlOO 

O 022 

O 60 

O 26 

O 09 

O 020 

O 004 

O 002 

1200 

O 037 

0 70 

O 31 

O II 

O 024 

O 003 

0 002 

1300 

O 060 

0 80 

0 35 

O 13 

O 030 

O 006 

0 002 

1400 

0 095 

O 89 

O 41 

0 16 

O 038 

O 007 

O 003 

1500 

O 138 

O 98 

O 47 

O 19 

O 050 

O 009 

O 004 

1600 

O X92 

I 07 

O 55 

O 22 

O 066 

O 0 X 2 

O 006 

1700 

O 268 

I 15 

O 65 

O 28 

O 088 

O 019 

O 008 

iSOO 

O 36 

1 24 

O 82 

O 36 

O 125 

O 032 

O 012 

1900 

O 48 

1 ' 33 

I 09 

O 52 

O 21 

O 06 

O 0 X 9 

2000 

O 62 

x 42 

1 44 

O 85 

O 34 

O XO 

O 031 

2100 

O 78 

1 52 

2 06 

x 27 

0 53 

0 x6 

O 035 

2200 

O 981 

1 62 

2 98 

I 8l 

O 73 

O 22 

O 092 

2300 

I 23 

1 72 

4 37 

2 62 

O 99 

O 29 

O 120 

2400 

I 55 

1 82 

5 98 

3 36 

I 27 

0 37 

O X48 

2500 

1 82 

1 92 

8 21 

4 85 

1 58 

O 42 

O 178 

2600 

a 20 , 

2 02 

11 0 

5 49 

X 82 

O 48 

O X89 

2700 

2 67 

2 12 


6 23 

I 96 

O 50 

O 191 

2800 

3 20 

2 23 


6 97 

198 

O 50 

O X9X 

2900 

3 80 

2 34 


7 61 

1.99 

O 50 

O X9X 
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The data obtained by these experiments are given in Table II. In the 
second and third columns are given the characteristics of the filament 
in good vacuum (0.00007 mm.). W R is expressed in watts per centimeter, 
and R in ohms per centijneter. The figures in the other columns give the 
differences between the observed power consumption at different pressures 
and those in vacuum. 

Discussion of Experimental Results. 

The experimental data contained in Tables I and II give, as a function 
of both temperature and pressure, the total heat carried by the surrounding 
hydrogen from a heated tungsten filament in this gas. 

It has been shown in the previous papers that this energy carried by 
the gas can be resolved into two parts, Wc and W d- 

W - W c + W D (1) 

The temperature coefficient of Wc is given by 

w c - S (< Pi — <pi) (2) 

where 

fT 

v> = \ kdT. 

In the previous paper, S was calculated from results obtained with gases 
other than hydrogen. This method of calculation of S, although giving 
an approximation good enough for most purposes, may be open to criticism. 
In the present case, therefore, it has been thought better to determine S 
directly from the experimental results of Tables I and II. 

,The values of &—<pi were taken from the data given in the previous 
paper, 1 in which ip was calculated from the heat conductivity of hydrogen 
as determined by Eucken 2 and from the measurements of the viscosity 
of hydrogen by Fisher 3 . 

By trial a value of S was found, which, when multiplied by <p% — <p h 
would give the best agreement with the values of W observed at tempera¬ 
tures so low that W D was negligible. At higher temperatures, W D was 
obtained by subtracting S(<p2— <pi) from W. The logarithm of W D was 
plotted against i/T from the data at rather low temperatures (1700- 
2500 0 K.). It is only in this range of temperatures that the calculated 
values of W D are materially affected by errors in the value S. By trial a 
value of S was finally chosen which would give most nearly a straight line 
relation between log W D and i/T. 

These values of S have been used to calculate W D and the results are 
given in Table III. 

1 Physic. Rev . 1 . c. 

* Physik. Z, la, 1101 (1911). 

* Physic. Rev., 34, 385 (1907). 
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Tabu* IV. 

“W D tr from Experiments with Nitrogen 




750 

200 

100 

50 

10 

1 

T» 

PI—PI 

mm 

mm 

mm 

mm 

mm. 

mm. 

watts 

S- 

S- 

S- 

S» 

s- 

S- 

• K 

per cm 

1 41 

1 15 

1 06 

0 75 

0 43 

0 10 

UOO 

O 43 



—O 06 




1200 

0 49 



—O 04 



. 

1300 

O 56 



—O OI 



4-o 03 

1400 

0 63 



—O 04 


4-o 03 

4-o 04 

1500 

0 73 



4-o 01 


4-0 03 

4-o 04 

1600 

O 82 



4-o 03 


4-o 03 

4-0 04 

1700 

O 92 



4-o 03 


4-o 04 

4-o 04 

1800 

I 03 



4 -o 03 


4-o 06 

4 -o 03 

1900 

1 13 



4-o 02 


4-o 07 

4-o 03 

2000 

1 25 

O II 

+0 02 

4-o 01 

-fo 07 

4-o 06 

4-o 02 

2100 

I 36 

—0 04 

-fo 04 

4-o 01 

4-o 06 

4-o 06 

4-0 01 

2200 

I 49 

—O OI 

+0 05 

0 00 

4-o 04 

+0 04 

0 00 

2300 

1 61 

—O OI 

+0 06 

4-o 02 

4-0 05 

4-0 03 

0 00 

24OO 

1 74 

+0 OI 

+0 06 

4-o 02 

4-o 04 

4-o 00 

—0 01 

2500 

1 87 

+0 04 

+0 07 

4-0 02 

4-o 02 

4-o 02 

—0 03 

2600 

2 02 

+0 05 

4-0 04 

—0 00 

0 00 

—0 06 

—0 03 

2700 

2 16 

+0 07 

4-o 04 

—0 02 

—0 02 

—0 09 

—0 05 

2800 

2 31 

-f O 08 

4-0 02 

—0 03 

—0 04 

—0 10 

—i*> 06 

2900 

2 47 

+O 08 

0 00 

—0 04 

—0 07 

—0 10 

—0 07 

3000 

2 63 

+0 13 

—0 02 

—0 07 

—0 10 

—0 11 

—0 08 

3100 

2 79 

+0 12 

—0 04 


—0 12 



3200 

2 96 

+0 13 

—0 08 


—0 16 



3300 

3 13 

+0 13 

—0 11 


—0 29 



3400 

3 3 i 

-f O 09 

—0 14 

* 

—0 22 



3500 

3 49 

+0 08 

—0 18 


—0 26 




The results in Table III were obtained from the data in Tables I 
and II, merely by subtracting the product of S (given at the head of 
each column of Table III) by <&—tp 1 (given in second column of Table 
III). 

The data on the heat losses from tungsten wires in nitrogen given in 
Table I, was used in a similar way to calculate W—W c and the results 
are given in Table IV. The values of <p2 — <p\ in this tajple are calculated 
from the viscosity and heat conductivity of nitrogen. 1 

A comparison of Tables III and IV shows clearly the very great differ¬ 
ence between hydrogen and nitrogen. With nitrogen the heat loss in¬ 
creases with the temperature very nearly proportionally to — <p\. The 
differences observed and tabulated are not greater than the possible 
experimental errors. In the case of hydrogen, up to temperatures of 
1500-1700° K., the results are similar to those of nitrogen, that is, there 
is no evidence that the differences between W and W c are anything more 
than experimental errors. But at very high temperatures W d increases 
1 See Physic. Rev., 1 . c. 
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very rapidly, and becomes 50 or 100 times as large as the possible ex¬ 
perimental error. 

In the second part of this paper, these data will be used to calculate the 
degree of dissociation and the heat of formation of hydrogen molecules. 
The experiments at low pressures lead to a somewhat detailed knowledge 
of the mechanism of the reaction taking place on the surface of the wire. 
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THE ADDITION COMPOUNDS OF ORGANIC ACIDS IN PAIRS. 
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In a recent communication 1 the author has shown, by the application 
of the freezing-point method, that a large number of organic acids form 
addition compounds with dime thy lpyrone, and that these compounds 
are to be regarded as true oxonium salts. The reaction is best expressed 
by the equation: 

O O 



The formation of an equimolecular addition compound is thus considered 
to be due to the basic (or unsaturated) properties of the group >C = 0 +, 
in which oxygen functions as a quadrivalent atom. 

This same group, >C = 0 +, is present in all organic acids themselves. 
Consequently it appeared probable that, if the acidic properties of an 
organic acid could be sufficiently suppressed, the basic nature of the group 
> C = O would become evident and formation of addition compounds 
with other substances could be obtained. Now the acidic properties of 
a weak acid can obviously be reduced to a minimum by the presence of 
a second, much stronger acid. In the present investigation, therefore, 
the validity of the general conclusions drawn,in the previous paper is 
tested by this method—the examination of systems containing two organic 
adds of widely divergent strengths. 

The experimental details and the main principles of the method followed 
have already been described in full. The formation of an addition com¬ 
pound can be immediately deduced from the freezing-point curve of a 
two-component system by the appearance of a maximum on the curve; 
the position of the maximum indicates the composition of the compound, 
1 Kendall, This Journal, 36,1222 ( 1914 )- 
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Since these addition reactions are reversible, any compound formed is 
partially dissociated into its components on fusion; the extent of dissocia¬ 
tion is indicated by the form of the curve near the maximum. In the 
previous investigation it was shown that the degree of dissociation (in 
other words, the relative stability of the salt) is a function of the strength 
of the acid used. 

For the present work, the following acids were selected from among 


those previously employed: 


s 

Series A 

—Weak Acids 

Series B 

-Strong Acids 

Acid 

100 K 

Acid 

100 K 

Benzoic 

, 0 0060 

Trichloroacetic 

121 0 

0-Toluic 

0 0120 

Dichloroacetic 

5 14 

m-Toluic 

0 00514 

Chloroacetic 

0 155 

^-Toluic 

0 00515 



a-Toluic 

0 00556 



Cinnamic . 

0 00355 



Acetic 

0 00180 



Crotonic 

0 00204 



The terms 

44 weak” and “strong” 

are here applied to the acids in a 


relative sense only. The dissociation constants are those given by Ost- 
wald; 1 for the stronger acids the values must be regarded as mttely ap¬ 
proximate. 2 

It will be seen that the acids under A are all of approximately the same 
strength, while the acids under B form a series covering a very wide range. 
By such a choice of material it was made possible to subject the views of 
the author on oxonium salt formation, as expressed above, to a very rigor¬ 
ous test. The tendency to form addition products should increase with 
the difference in acidic strength of the two components of the system. 
Acids of widely divergent strengths should readily give addition compounds, 
acids of similar strengths should show little tendency towards compound 
formation. In the above series, consequently, we should expect addition 
compounds (if produced at all) to be most stable in systems containing 
trichloroacetic acid, less stable when dichloroacetic acid is present, still 
less stable when chloroacetic acid is employed. 

• This was, indeed, found to be the case throughout. With trichloro¬ 
acetic acid, equimolecular addition compounds were isolated in five 
out of eight cases. In the remaining three systems, the form of the freez¬ 
ing-point curve showed that such compounds were undoubtedly present 
in solution, but, owing either to persistent supercooling or to extremely 
low fusion points, could not be isolated. The form of the curves indicated 
also that the compounds were fairly considerably dissociated into their 
components on fusion, and were uniformly much less stable than those 

1 Ostwald, Z. physik. Chem., 3, 418 (1889). 

* Kendall, J. Chem. Soc., iox, 1275 (1912); Meddel frdn K. Vet.-Akads Nobcl- 
insUtut, Band 2, No 38 (1913)- 
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obtained in the previous investigation with dimethylpyrone. This was 
to be expected, since there the components were one acidic and one basic, 
while here both are primarily acidic. 

With systems containing dichloroacetic acid, addition products were 
obtained in two out of eight cases. In the remaining six, compounds 
were present in solution, but could not be isolated. (All solutions con¬ 
taining dichloroacetic add were extremdy difficult to investigate, owing 
to persistent supercooling.) The compounds obtained were much less 
stable than those with trichloroacetic add. 

From systems containing chloroacetic acid no addition compounds 
were obtained, and the curves indicate that the tendency towards com- 




ADDITION COMPOUNDS OP ORGANIC ACIDS IN PAIRS. VJ2$ 

pound formation is extremely slight. This is in keeping with the rela¬ 
tively weak acidic nature of chloroacetic acid. The examination of several 
similar systems (in which both acids taken were either from Series A or 
Series B) confirmed the conclusion that, with acids of only slightly di¬ 
vergent strengths, no addition compounds are formed. 

The experimental results are given in the tables below; these are ar¬ 
ranged as in the previous paper. A few typical curves are shown in the 
accompanying diagrams. 

Experimental. 

i. Benzoic Acid—Trichloroacetic Acid. —The equimolecular compound, 
GjHb.COOH, CClj.COOH, was obtained, m. p. 36.4° (by extrapolation). 
The compound is not stable at its maximum, and crystallizes only from 
solutions containing excess of trichloroacetic acid. The freezing-point 
curve is shown in Fig. 2. 


(a) Solid phase, C«H 6 .COOH. 

% C*H#.COOH. 100.0 80.1 68.3 63.6 60.1 55.5 52.0 47 1 

T. 121.0 105.6 89.7 79.9 72.8 64.0 54.4 43.1 

(ft) Solid phase, C»H # .COOH, CC 1 ..COOH. 

% C*H».COOH. 42.9 39 2 33.3 31.5 

T. 34.6 32.6 28.1 26 6 

(c) Solid phase, CCl,.COOH. 

% C«H*.COOH. 26.7 22.5 21.9 16.7 9.4 o 

T. 32.3 36.9 38.0 450 505 573 


2. o-Toluic Acid—Trichloroacetic Acid. —The compound C7H7.COOH, 
CCla.COOH was obtained, m. p. 52.9°; stable at its maximum. (See 


Fig. 1.) 

(a) Solid phase, C,H,.COOH. 

% C7H7.COOH. 100.0 90.0 81.2 73.9 67.2 58.3 53.8 

T. 103 4 97 6 90.5 83.9 76.8 64.7 53-7 

(ft) Solid phase, C7H7.COOH, CCUCOOH. 

% C7H7.COOH. 49.8 45.5 40.8 37.6 33.1 28.8 23.5 

T. 5^.9 52.6 51.8 50.4 481 45 * 39 4 

(c) Solid phase, CCU.COOH. 

% C7H7.COOH. 27.9 21.5 15.0 8.7 o 

T. 30.7 38.9 45-5 5 i -3 * 57.3 


3. m-Toluic Acid—Trichloroacetic Acid. —The compound C7H7.COOH, 
CCU.COOH was obtained, unstable at its maximum; m. p. 37.4 0 (by 
extrapolation). (See Fig. 1.) 


(a) Solid phase, C7H7.COOH. 

% C7H7.COOH. 100.0 89.3 78.1 65.7 60.2 55.7 5*-4 

T. 107.6 100.2 89.8 75.3 66.6 56.9 45-4 

(ft) Solid phase, C7H7.COOH, CCU.COOH. 

% C7H7.COOH. 49.6 45.8 41.9 36.7 

T. 37 3 36.3 34-6 31*3 
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% CtH, cooh 
T 


(fi) Soffd phase, CCU.COOH. 

31 4 26 s 21 O 15 9 7 7 o 

26 2 32 4 38 6 44 1 51 5 57 3 


4. ^-Toluic Acid—Trichloroacetic Acid. —An equimolecular compound 
was obtained, unstable at its maximum, m. p. 69.0° (by extrapolation), 
(a) Solid phase, C7H7 COOH 

% C7H7 COOH 100 o 87 2 76 2 65 5 57 6 50 1 44 8 40 o 36 9 

T 178 6 170 4 160 1 145 9 131 9 115 5 100 2 84 1 69 1 


(b) Solid phase, C 7 H 7 COOH, CC 1 , COOH 
% CtHt.COOH 34 5 30 5 25 7 22 3 18 1 

T 63 5 60 3 55 7 51 8 45 o 


(c) Solid phase, CC 1 , COOH 
%C 7 H 7 COOH 129 69 o 

T 46 6 52 2 57 3 


5. a-Toluic Acid—Trichloroacetic Acid. —No compound was here 
isolated. The curve is shown in Fig 1. 

(a) Solid phase, C7H7 COOH 

% C7H7 COOH 100 o 90 5 81 4 70 8 63 1 55 4 47 9 

T 76 7 70 8 63 3 51 7 40 1 25 9 9 2 

(i b) Solid phase, CCla COOH. 

% C 7 H- COOH 41 2 34 9 28 4 20 8 1 i 7 o 

T 10 2 21 2 31 3 41 2 49 3 57 3 


6. Cinnamic Acid—Trichloroacetic Acid. —The compound C 8 H 7 COOH, 
CCli.COOH was obtained, unstable at its maximum, m p 63.0° (by 
extrapolation) 

{a) Solid phase, C 8 H 7 COOH 


% C.H 7 COOH 
T 


% C»H 7 COOH 
T 


100 o 87 o 76 1 65 8 56 6 50 3 

136 8 122 2 108 5 94 8 79 9 68 5 

(6) Solid phase, C.H 7 COOH, CC 1 * COOH 

45 3 41 4 35 3 29 2 25 9 

62 1 59 7 55 7 49 3 44 9 


(0 Solid phase, CC 1 | COOH 

% C.H7 COOH 24 8 197 174 93 o 

T 36 1 42 5 45 o 51 1 57 3 


7. Acetic Acid—Trichloroacetic Acid.- -No compound was here isolated. 

• (a) Solid phase, CH, COOH 

% CH* COOH . . 100 o 91 3 84 6 75 7 69 o 

T 16 4 9 9 3 1 —10 1 —25 3 

(6) Solid phase, CC 1 * COOH 

51 o 46 1 38 5 30 2 22 5 12 8 o 
*— 13 3 —01 15 4 28 4 37 6 47 3 57 3 


% CC 1 , COOH 
T 
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8 . Crotonic Acid—Trichloroacetic Acid.—Here also no compound was 
isolated. 

(a) Solid phase, C»H 6 COOH 

% C|H* COOH 100 o 910 82 7 75 7 65 7 60 o 54 2 49 9 

T 71 o 63 7 53 9 44 2 27 5 16 1 2 1 —9 9 


( b ) Solid phase, CC 1 8 COOH 

% CiH 6 COOH 45 1 40 7 34 4 26 6 19 1 10 2 o 

T — 12 7 12 16 4 30 4 40 3 49 6 57 3 


9. Benzoic Acid—Dichloroacetic Acid. -The compound CeHi.COOH, 
CHCI2.COOH was obtamed, unstable at its maximum, m p 58 2 0 (by 
extrapolation) The freezing-point curve is shown in Fig 2 
(a) Solid phase, C«H S COOH 

% C«H»COOH 100 o 81 5 70 7 61 1 50 8 48 4 45 7 

T 121 o 104 o 91 6 79 1 64 6 61 2 56 7 

( b ) Solid phase, C fl H 6 COOH, CHCl a COOH 
% CdH^COOH 44 3 40 2 37 4 34 9 29 4 25 3 16 9 u 6 83 34 

T 57 8 57 2 56 4 55 6 52 8 50 1 42 6 33 6 25 5 15 3 

( c ) Solid phase, CHC 1 , COOH 
%C«H 6 COOH I 8 o 

T 8697 


10. 0-Toluic Acid—Dichloroacetic Acid. —No addition compound was 
here isolated 

(a) Solid phase, C 7 H, COOH 

% C7H7 COOH 100 o 89 5 78 6 69 1 60 7 51 2 43 o 37 9 28 2 20 4 14 4 

T 103 4 97 1 89 5 81 6 74 1 63 o 52 r 44 9 28 4 13 o —19 

0 b ) Solid phase, CHCli COOH 
% C7H7 COOH 12 5 7 1 o 

T —103997 


11. w-Toluic Acid—Dichloroacetic Acid. —Here also no addition com¬ 
pound was isolated 

( a ) Solid phase, C7II7 COOH 

% C7H7 COOH 100 o 87 4 74 6 66 1 56 4 46 4 35 9 28 2 23 o 

T 107 6 98 5 87 5 79 4 68 2 53 8 35 8 19 9 61 

( b ) Solid phase, CHCli COOH 

%C7H 7 COOH 17 i 11 o 61 o 

T —6 1 —o 2 42 97 


12. p-Toluic Acid—Dichloroacetic Acid. — No compound was isolated 
( a ) Solid phase, C 7 H 7 COOH 

% C7H7 COOH 100 o 85 1 716 59 5 50 o 40 9 33 1 26 1 20 4 15 5 10 8 
T 178 6 168 1 154 9 139 6 125 2 109 o 91 3 75 2 59 7 42 3 23 * 

c b ) Solid phase, CHCli COOH 
% C7H7 COOH 52 o 

T.. 5 19 7 



JAMBS KBNDA1&. 


1728 


13. o-Toluic Add— Dichloroacetic Add.—No compound was isolated. 
(See Pig. 1.) 

(a) Solid phase, C7H7 COOH 


% C7H7.COOH 
T 


% C t H 7 COOH 
T 


100 o 93 3 81 4 71 8 63 9 59 2 50 o 42 9 36 9 

76 7 72 4 63 4 53 6 43 9 37 6 22 3 9 o —5 5 

(. b ) Solid phase, CHC1 3 COOH 

25 9 15 3 7 5 o 

—14 6—33 35 97 


14. Cinnamic Acid—Dichloroacetic Acid. —The equimolecular compound 
CsHtCOOH, CHCIjCOOH was obtained, unstable at its maximum, 
m. p. 80 1 °. (See Pig. 2.) 

(<*) Solid phase, C,H 7 COOH 
% C.H? COOH 100 o 86 1 74 1 62 8 55 o 51 5 
T , 136 8 124 31110976861800 


% C.H, COOH .. 
T 


% CfH 7 COOH 
T 


(6) Sohd phase, CgH 7 COOH, CHC1, COOH 
51 5 50 o 44 8 37 3 29 8 24 6 17 1 12 8 78 60 41 
80 o 80 1 79 7 77 8 74 2 69 6 61 4 54 o 42 8 35 7 24 7 

(c) Solid phase, CHC1, COOH 
16 o 
8 6 97 


15. Acetic Acid—Dichloroacetic Acid. —No addition compound was 
isolated. The central portion of the curve could not be completed, 
since at the very low temperature required for solidification the mixture 
sets to a hard, glassy mass. 

(a) Solid phase, CH, COOH 


% CH* COOH 

100 0 

91 4 

79 2 

70 

5 

63 

6 55 0 

T 

16 4 

10 3 

— 0 7 

— IO 

8 

—21 

5 ~37 0 


(6) Solid phase, CHCU COOH 





% CH* COOH 

43 4 

29 7 

17 9 

8 

6 

0 


T 

—40 8 

—18 2 

— 4 2 

3 

9 

9 

7 


x6. Crotonic Acid—Dichloroacetic Acid. —No addition compound could 
be isolated. 

(a) Sohd phase, C»H 6 COOH 


% C|H» COOH 

100 0 

93 6 

86 8 80 6 

71 1 65 3 

55 8 47 4 40 4 

T 

71 0 

65 S 

59 1 52 6 

41 4 34 0 

20 5 5 1—97 


(b) Sohd phase, CHC1, COOH 


%C*H,COOH 

31 0 

17 X 

0 

0 

00 



T 

—18 5 

—4 2 

2 7 9 7 




17. Benzoic Acid—Chloroacetic Acid. —No compound was obtained m 
any system containing chloroacetic add. The freezing-point curve is 
given in Pig. 2. 
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(a) Solid phase, C«H, COOH. 


% C«Hf COOH 

100 0 81 0 69 8 58 5 

52 9 

44 2 

38 6 

32 0 

T 

121 0 107 2 96 8 86 1 

80 4 

69 9 

62 4 

52 6 


(b) Solid phase, CH 2 C 1 COOH 





% C*H» COOH 

25 i 21 1 14 4 59 

0 




T 

48 7 50 7 54 5 58 6 

61 4 




18. o-Toluic Acid- 

—Chloroacetic Acid. 






(0) Solid phase C 7 H 7 COOH 





% C 7 H t COOH 

100 0 89 1 77 0 66 4 57 4 

50 5 

44 4 

38 2 

32 4 

T 

103 4 97 0 89 6 82 3 75 5 

70 2 

64 9 

58 8 

52 3 


0 b ) Solid phase CHjCl COOH 





% C 7 H 7 COOH 

27 5 22 1 16 5 11 5 58 

0 




T 

47 9 50 7 53 3 55 7 5 « 5 

61 4 




19. m-Toluic Acid 

—Chloroacetic Acid. 






(a) Solid phase C 7 H 7 COOH 





% C 7 H 7 COOH 

100 0 90 1 79 6 

68 4 

56 9 

45 2 

35 7 

T 

107 6 101 0 93 6 

84 7 

75 3 

64 1 

53 9 


(b) Solid phase, CH a Cl COOH 





% C 7 H 7 COOH 

28 4 21 2 14 4 

7 7 

0 



T 

46 7 50 5 54 2 

57 7 

61 4 




20. p-Toluic Acid—Chloroacetic Acid. 

(a) Solid phase, C 7 H 7 COOH 


% CtHt COOH 100 o 83 1 70 4 5<5 9 45 4 34 o 22 7 17 1 12 9 

T 178 6 167 2 155 8 141 8 128 5 114 o 95 5 83 1 71 1 


% CtH 7 COOH 
T 


C b ) Solid phase CH,C 1 COOH 
9 3 4 7 o 

56 8 50 1 61 4 


21. a-Toluic Acid—Chloroacetic Acid. -The freezing-point curve is 
shown in Fig 1 

(a) Solid phase C 7 H 7 COOH 


% CtH t COOH 

100 89 5 80 9 

72 5 

64 

8 

56 6 

49 9 

T 

76 7 70 1 63 8 

56 9 

49 

9 

42 3 

35 * 


( 5 ) Solid phase CH*C 1 COOH 






% C 7 H 7 COOH 

41 6 32 9 23 9 

14 9 

6 

7 

0 


T 

33 6 40 0 46 7 

52 7 

57 

9 

61 4 


22. Cinnamic Acid—Chloroacetic Acid. 







(0) Solid phase, CiH 7 COOH 

% 





%C»H COOH 

100 89 3 77 5 68 0 

54 4 

44 

7 

36 4 

3 * 4 

T 

136 8 128 2 118 6 109 0 

95 9 

83 

8 

70 2 

60 3 


0 ) Solid phase, CH»Ci COOH 






% C»H 7 COOH 

25 0 19 0 13 9 82 

0 





T 

48 3 51 2 54 0 57 1 

61 4 
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23. Acetic Acid—Chloroacetic Add. 

(a) Solid phase, CH, COOH 


% CH, COOH 

T 

100 91 8 79 6 

16 4 10 7 17* 

71 O 

4 5 




% CH, COOH 

T 

(1 b ) Solid phase, CH,C 1 COOH 
71 0 62 0 50 3 
50 12 8 22 2 

40 3 

29 7 

29 4 
38 0 

15 5 

49 4 

O 

61 4 

24. Crotonic Acid—Chloroacetic Acid. 





% C,H* COOH 

T 

(a) Solid phase C,H 6 COOH 
100 91 2 

71 0 64 4 

83 4 
57 7 

75 4 
50 7 

65 9 
41 1 

56 s 

30 9 

% CtH, COOH 

T 

(b) Solid phase CH 3 C 1 COOH 
46 8 38 6 
29 9 36 5 

30 0 
42 6 

19 9 

50 0 

10 4 
SS 8 

O 

61 4 

25. Benzoic Acid—a-Toluic Acid. — In this and the two following sys¬ 
tems the acids are both from Senes A, no compound formation was indi¬ 
cated 

(0) Solid phase, C*H, COOH 

% C,H, COOH 100 91 0 82 1 70 0 57 9 48 7 38 3 

T 121 0 115 2 108 5 97 8 85 3 74 0 57 4 

% C.H, COOH 

T 

(ft) Solid phase, C,H, COOH 
28 9 18 9 10 1 

56 9 63 7 69 5 

0 

76 7 





26. Benzoic Acid—Cinnamic Acid. 

(а) Solid phase, C*H, COOH 

% C,H, COOH 100 86 8 76 9 69 9 61 7 

T 121 o 111 o 102 o 95 4 87 2 

(б) Solid phase, C*H 7 COOH 

% C$Hi COOH 52 5 42 3 33 1 199 96 o 

T 87 3 100 5 109 5 121 5 130 1 136 8 


27. Benzoic Acid—Acetic Acid. —The freezing-point curve is shown in 
Fig 2 

(a) Solid phase, UH. COOH 

% C«H, COOH 100 87 6 72 6 61 o 50 6 43 4 35 3 28 3 20 8 14 5 

T 121 o hi 5 100 3 90 1 79 1 71 5 60 9 50 9 38 2 19 2 


( b ) Solid phase, CH, COOH 
% C*H, COOH 97 52 o 

T 1 10 4 13 o 16 4 


28. Chloroacetic Acid—Dichloroacetic Acid. —In this and the following 
systems the acids are both from Series B, no addition compounds were 
isolated 

(a) Solid phase, CH,C 1 COOH 

% CH,C 1 COOH 100 90 1 82 5 75 8 66 4 34 o 40 4 32 7 

T ^ 61 4 56 8 52 5 47 5 40 5 29 6 10 8 —5 3 
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(b) Solid phase, CHCl COOH. 

% CHtCl COOH 24 7 12 2 o 

T —582897 

29. Chloroacetic Acid—Trichloroacetic Acid. 

(a) Solid phase, CH 2 C 1 COOH 

%CH a ClCOOH 100 84 8 74 5 65 5 58 2 51 4 

T 61 4 53 5 46 5 38 9 31 o 22 4 

(b) Solid phase, CC 1 8 COOH 

%CHiC 1 COOH 41 7 31 9 24 1 15 5 o 

T 24 3 33 2 39 9 46 1 57 3 

30. Dichloroacetic Acid—Trichloroacetic Acid. 

(a) Solid phase, CHClj COOH 

% CHCl- COOH 100 93 7 82 2 

T 977010 

(6) Solid phase, CC 1 » COOH 

% CHCl, COOH 56 9 46 5 318 

T —o 6 14 5 32 9 

Consideration of Results. 

The general conclusions of the investigation have already been stated 
in the introduction. In the following pages, by closer examination of 
the freezmg-point curves obtained, some quantitative results are deduced 
and discussed 

From the diagrams given, it will be seen that the freezing-pomt curves 
are different in type, even where no addition compound is isolated, ac¬ 
cording to which acid of Series B is present in the system. In systems 
containing chloroacetic acid, the curves obtained are approximately 
linear, the change in slope as the eutectic point is approached being very 
slight In systems where dichloroacetic acid is present, the curves deviate 
more from the straight line, and the “dip" before the eutectic is more 
pronounced. Finally, m systems containing trichloroacetic acid, the 
curves fall away rapidly in the neighborhood of the eutectic point 

It remains to show how this difference in character is connected with the 
relative extent of compound formation in the mixture The freezing 
point of a pure substance, A, will, under normal conditions, 1 be equally 
1 That is, provided the substance added is not associated or dissociated m the 
solution —It is not intended to imply, m the following discussion, that association or 
dissociation of the substances present in the systems considered can be entirely dis¬ 
regarded Orgamc acids, as a class, are certainly associated to some extent m the 
liquid state, also the conception that the addition reaction taking place in the soluuon 
is ionic (Kendall, This Journal, 36, 1242 (1914)) assumes dissociation Never¬ 
theless, the regularity of the results obtained indicates clearly that the figures given m 
Table I are legitimately comparable, and that the above disturb mg influences are only 
of secondary importance. 


68 7 
~7 9 


21 2 12 2 o 
42 5 49 6 57 3 
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depressed on addition of equimolecolar amounts of different foreign sub¬ 
stances, provided no chemical reaction has occurred. If, however, the 
addition of a second substance, B, to A is accompanied by the formation 
of an addition compound, AB, then the freezing point of A will be abnor¬ 
mally lowered, since part of the original solvent will have been replaced 
by a foreign substance, the compound AB. The more stable the addition 
product is, the greater will be the abnormal depression of the freezing 
point. Hence, the form of the curves obtained, when different substances 
are added to A, indicates the relative extent of compound formation in 
each case. 

In the systems examined abqve, chloroacetic acid shows no tendency 
to compound formation throughout, arid the freezing point curves approxi¬ 
mate to straight lines. 1 Where dichloroacetic acid is present, on the other 
hand, addition products are formed and can in some cases be isolated, 
although they are evidently, from the flatness of their curves near the 
maximum point, largely dissociated into their components in the liquid 
state. On first addition of dichloroacetic acid to an acid in Series A, 
the extent of compound formation will be very small. 2 Further addi¬ 
tion of dichloroacetic add will increase the amount of the compound 
present, 8 and that this corresponds with an abnormal depression of the 
freezing point is indicated by the “falling away” of the curves as the eutec¬ 
tic is approached. Systems in which trichloroacetic acid is a component 
are similar in type, but the addition products formed are more stable. 
In accordance with this, the freezing point depression in the central part 
of the curve becomes still more abnormal, as is evidenced by the systems 
shown in Diagram I. 

We are, therefore, able to discover by comparison to what extent 
compound formation has occurred in any particular system, from the form 
of the freezing-point curve alone, even if it is not possible actually to 
isolate the compound. This is illustrated by the figures given in Table I, 
where the freezing-point depressions of the acids in Series A, due to addi¬ 
tion of equimolecular amounts of the various adds in Series B, are col- 

1 Where the point of fusion of the second acid of the system is very high (e. g., 
p-toluic add) a sharp final bend in the curve is necessary to enable it to reach the 
eutectic point at all The main portion of the curve, however, still remains linear. 
Compare Fig 2, Curve IV. 

* The reversible reaction A + B AB gives the equation for equilibrium: 

cab/cacb “ k 

(c » molecular concentration, k » constant.) If the compound AB is largely disso¬ 
ciated on fusion, the constant k of the reaction will be small. Hence, when cb is small, 
cab is also very small. The extent of compound formation will obviously be greatest 
in the central portion of the curve. 

9 Not only for the reason given in the previous note, but also since the addition 
products formed are more stable, the lower the temperature. 
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lected. The values given are obtained directly by interpolation from the 
freezing-point curves. 1 (T 60 = freezing point of 50% mixture: A * de¬ 
pression.) 

Table I 



Trichloroacetic 

Dichloroaeetic 

Chloroacetic. 

Acid A 

T»q 

a' 

T»o 

A 

T.o 

A.' 

Benzoic... 

50 6 

70 4 

63 7 

57 3 

77 2 

43 8 

o-Toluic. 

47 2 

56 2 

61 6 

41 8 

69 8 

33 6 

w-Toluic_ 

40 4 

67 2 

59 4 

48 2 

68 8 

38.8 

/>-Toluic. 

.. . 115 2 

63 4 

125 2 

53 4 

134 1 

44 5 

a-Toluic 

14 4 

62 3 

22 3 

54 4 

35 3 

41 4 

Cinnamic . . 

68 0 

68 8 

77 5 

59 3 

90 9 

45 9 

Crotonic 

—9 6 

80 6 

9 8 

61 2 

23 2 

478 


The above results show that, throughout the entire series, the freezing- 
point depression caused by trichloroacetic acid is greater than that caused 
by dichloroaeetic acid, which is in turn greater than that caused by chloro- 
acetic acid. 

This dependence of compound formation upon difference in acidic 
strength is evidently in complete accordance with the views on oxonium 
salt formation developed in the introduction. The regularity of the values 
obtained indicates that the results are not greatly influence d by any 
disturbing factors (association or dissociation in the solution).* Further 
evidence on the point is to be obtained from systems containing acids 
of similar strengths (25-27, above). From these we have: 


Table II. 


Original acid 

Acid added 

T 10 . 

A. 

Benzoic.. 

a-Toluic 

75 5 

45 5 

Benzoic .. 

Cinnamic 

75-6 

45 4 

Benzoic ... 

Acetic 

78 5 

4* 5 

Benzoic. . . 

Chloroacetic 

77 2 

43-8) 

Cinnamic. 

Benzoic 

90 4 

46 4 

Cinnamic. 

Chloroacetic 

90 9 

45 9 ) 


Here T&o and A have the same significance as in Table I; the figures 
for chloroacetic acid are included for comparison. The constancy of A fpr 
benzoic acid with different acids exhibiting no tendency to compound 
formation shows that conditions in the above systems are, if not normal, 
at least comparable. 8 The freezing-point depression caused by chloro- 

1 In a few cases a short extrapolation is necessary. The figures for acetic acid are 
not given, since here a longer extrapolation is required and accurate values cannot be 
obtained. The curves indicate, however, that the results are qualitatively similar to 
those given above 

* See note on page 1731. 

1 For small additions of B to A (up to 20%), the fr eezin g-point curves are prac¬ 
tically identical, whatever acid in Series B is added. In this region the extent of 
compound formation is small in all cases (see Note 2, page 1732). 
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acetic add .is approximately normal; ijt is evident that its acidic strength 
is insufficient to suppress the acidic properties of the weaker add of the 
system so far as to induce combination. 

Addition reactions of the nature dealt with in this paper have been little 
investigated; a few compounds of the type acid—add have been previously 
described 1 but not systematically examined. The similarity of the com¬ 
ponents accounts for the small number of compounds isolated in the present 
research, but further experiments indicate that formation of addition 
products is of very general occurrence in organic reactions, e. g. f as an inter¬ 
mediate stage in condensations. 2 That this is not generally recognized 
is due to the neglect of the freezing-point method in the study of organic 
reactions. 

It seems to be still the rule in experimental work to torture substances 
into combination by the drastic method (inherited from the alchemists) 
of applying heat. This certainly gives us the final products of a reaction 
(or series of reactions), but affords no clue to its mechanism. If, on the 
other hand, we mix the components at as low a temperature as possible 
and then, by freezing the mixture, isolate addition products, we have 
obtained definite knowledge of an intermediate stage of the reaction. 
This will be exemplified in a forthcoming paper on sulfonation. 

Summary. 

The freezing-point curves of a series of weak organic acids with the 
■chloro-substituted acetic acids have been investigated. The tendency 
towards formation of addition compounds is found to be dependent upon 
the difference in acidic strengths of the two components. Acids widely 
divergent in strength give addition compounds which may readily be 
isolated. 

The reaction is regarded as an oxonium salt formation, and may be 
expressed as follows: 

/H 

R—C« 0 ± R—C~ 0 <( 

| + HX | X X 

OH OH 

The quantitative results obtained ote> in complete agreement with this 
view. 

Nichols Labosatoiujw ow Chsmistky. 

Columbia UNlriffttaftr, Vo** City. 

1 Hoogewerff and van Dorp, Rec. trav. chm. Pays-Bas, 21, 353 (1902); Pfeiffer, 

Ber., 47 i *593 (1914)- 

• Compare Guye, /. chim . physique , 8, 119 (1910). The view has also been ad¬ 
vanced by Michael that an addition process represents an intermediate stage in sub¬ 
stitution reactions (This Journal, 33, 1001 (1910)). 
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1,34-TRISUBSTITUTED HYDANTOINS FROM DI¬ 
ETHYL ANILINOMALONATB. 

By Treat B Johnson and Norman A Shepard 
Received May 2*5, 1914 


Hydantoin and 2 thiohydantoin interact smoothly with aromatic 
aldehydes 1 when heated together in acetic acid solution and in the pres¬ 
ence of anhydrous sodium acetate, forming characteristic condensation 
products as represented by formulas (I) and (II), respectively 
NH—CO NH—CO 


CO 


CS 


NH—C CHR 

(I) 


NH—C CHR 
(II) 


The reactions are generally very smooth and have been applied suc¬ 
cessfully in this laboratory with a great variety of aldehydes The only 
types of hydantoins which have been recorded as not undergoing con¬ 
densations in the above manner, are tilt 3-monosubstituted and 1,3- 
disubstituted hydantoins Wheeler and Hoffmann 2 observer, for ex¬ 
ample, that neither 3-phenyl- nor 1,3-diphenylhydantoms (III and IV) 


NH—CO 

I 

(S)CO 

I 

C«H* N——CH 2 
(HI) 


CeHftN—CO 

I 

(S)CO 

I 

C«H6N—ch, 

(IV) 


condense with anisic aldehyde m the presence of sodium acetate and acetic 
anhydride On the other hand, the corresponding 2-thiohydantoins 
were later observed to condense smoothly with aldehydes, giving good 
yields of condensation products. 8 It i c aho of especial interest to note 
here, at this time, that Blitz 4 has recorded an observation that 1,3-di- 
methylhydantoin (V) does not condense with benzaldehyde. Whether 
this abnormal behavior is to be explained by the fact that such hydan- 


CH*N — CO 


CH,N—C OH 


CO 


CO 


CH*N—CHj 

(V) 


CHsN—CH 
(VI) 


1 The behavior of aliphatic aldehydes towards hydantoins is now being investigated 
in this laboratory (T B J ) 

1 Am Chan J, 45,368(1911) 

• Wheeler and Brautlecht, Am Chan J, 45, 446 (1911) 

4 Bar, 45, 1673 (1911) 
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toins have not a normal constitution (V), blit art to be expressed by their 
pseudo o t enol form (VI), must be decided by further investigation. 

The study of several of these abnormal cases is now being continued 
in this laboratory. During the progress of this work, important and 
unexpected experimental data were obtained, 1 which has made it neces¬ 
sary to develop a new method of preparing trisubstituted hydantoins 
of the types represented by i,3-diphenyl-4-benzylhydantoin and its corre¬ 
sponding sulfur analog (Formulas XII and XIV). In other words, it 
was necessary to have available a practical method of synthesis which 
does not involve the condensation of an aldehyde with a hydantoin and, 
furthermore, be applicable for the preparation of any alkylhydantoin 
desirable, with substituents in the 1,3 and 4 positions of the ring. A 
description of a method of synthesis, which meets all these requirements, 
and of its application for the preparation of the hydantoins (XII) and 
(XIV) is now recorded in this paper. 

That diethyl anihnomalonate reacts at ordinary temperature, with alco¬ 
holic sodium ethylate, giving a sodium salt, was first obseihire by Curtiss.* 
No data indicating that he investigated the chemical activity of this sub¬ 
stance are recorded, however, in his paper. Later Conrad and Reinbach,* 
who were working with dimethyl anilinomalonate, made the interesting 
observation that the sodium salt of this ester interacts smoothly with alkyl 
halides, forming the corresponding substituted anilino malonates. They 
prepared, in this manner, the following amino esters: dimethyl methylanilino- 
malonate, CeH 6 NH(CHa)C(COOCH 3 ) 2 , dimethyl benzylanilinomalonate, 
QH5NH(CcH6CH 2 )C(COOCH3) 2 , dimethyl 0-nitrobenzylanilinomalonate, 
C«H6NH(N02.C«H4CHs)C(C00CH8)2, and trimethyl anilinoethantricar- 
boxylate, C6H5NH.(CH,COOCH 8 )C(COOCH8)2. Recently, Johnson and 
Shepard 4 investigated the action of p-nitrobenzyl chloride on the sodium 
salt of diethyl anilinomalonate and obtained the corresponding ester, 
CfHiNH(N 02 C«H 4 CH 2 )C.(C 00 C 2 H 5 )t. As a by-product of this reac¬ 
tion, they also succeeded in isolating a crystalline substance to which 
they provisionally assigned the constitution of a-nitrobenzylindoxyl. 

The starting point of this investigation was the diethyl ester of benzyl¬ 
anilinomalonate (VIII). This was obtained easily by the action of benzyl- 
chloride on the sodium salt of diethylanilinomalonate. The reaction 
was very smooth, and, to our surprise, we did not observe the formation 
of a-benzylindoxyl (X). This ester (VIII) was converted into the corre¬ 
sponding acid (XI) by saponification, and the latter transformed into 
a-anihno- 0 -phenylpropionic add (XIII) by heating above its melting 
1 The results of this investigation, which is being conducted by Mr. Sidney Hadley, 
will be discussed in a future paper (T. B. J.). 

1 Am. Chem. 19, 694 (1885). 

* Ber., 3 Si 5 ii (1903). 

4 This Journal, 35, 994 (19x3)- 
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point* We found, however, that this change is best effected by boiling 
an alcoholic solution of the malonic acid, when an almost quantitative 
yield of the monobasic acid (XIII) is obtained. This observation is of 
special interest because of the low temperature at which the dissociation 
of the malonic acid is effected, namely, nearly ioo° lower than that tem¬ 
perature at which the acid is decomposed by direct heating. 

The acid (XIII) interacts with both phenyl isothiocyanate and phenyl- 
isocyanate, when heated with it at 130-140°, giving hydantoin com¬ 
pounds. In the first case i,3-diphenyl-4-benzyl-2-thiohydantoin (XII) 
is formed in good yield. Phenylisocyanate, however, reacts far less 
smoothly with the anilino acid, forming 1,3-diphenyl-4-benzylhydantoin 
(XIV). The latter hydantoin is also formed by desulfurization of the 
thiohydantoin (XII) This is easily accomplished by heating the sulfur 
hydantoin under pressure with a strong aqueous solution of chloroaeetic 
acid. As a by-product of the above reactions with phenylisothiocyanate 
and phenylcyanate, we obtained a crystalline substance which gave 
analytical v^s agreeing for a-benzylindoxyl (X). i,3-Diphenyl-4- 
benzyl-2-thionydantoin melts at 129-130°. The corresponding oxygen 
derivative was, however, always obtained as an oil which solidified only 
after long standing. These various changes are represented \ the fol¬ 
lowing formulas* 

CANH CH(COOCiH B )j 

l <™ 

C«H*CHav 

">C(COOC^H 6 ), 

c«h 6 nh / 




NH—CO 
| | yCH,C.H. 

cs c<( 

I I ^NHCA 
NH—CO 
(IX) 

CAN—CO 


CS 


C«H|N—CHCHsCA 

(xn) 


O 


(VIII) 

CH CHaCtH. 

(X) 


\ 


CACH, 

C«HiNH' 


\ 


P>C(COOHJ, 

(XI) 


C.H.NCS CH,CH,CH(NHCJI»)COOH 


CeH|N—CO 

I ‘ 

CO 


CtEUNCO 


(XIII) 


C«H»N—CH.CH*C«H§ 
(XIV) 
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This new method of synthesis will be applied for the preparation 
of ,new types of hydantoins which have hitherto received no attention. 

Diethyl anilinomalonate, diethylphthalimidomalonate, 1 and diethyl- 
aminomalonate, 2 all condense with thiourea, in the presence of sodium 
ethylate, giving thiouranils. Benzylanilinomalonate (VIII) interacts 
in an analogous manner, forming 5,5-benzylaniUno-2-thiobarbituric 
add (IX). 

Experimental Part. 

C.HbCHjn' 

Diethylbenzylanilinomalonate , y>C(COOC 2 H»)* —This ester was 

prepared by the action of benzylchloride on the sodium salt of diethyl 
anilinomalonate. Three and six-tenths grams of sodium were dissolved 
in 200 cc. of absolute alcohol and 40 grams of the diethyl ester added td 
the solution. On warming gently, the ester dissolved, and finally its 
sodium salt began to deposit. Twenty and four-tenths grams of freshly 
distilled benzylchloride were then added and the mixture heated on the 
steam bath. There was an immediate reaction with separation of 
sodium chloride and within a few minutes the reaction was complete. 
The alcohol was then removed by distillation under diminished pressure, 
when the aniline ester was obtained as a heavy yellow oil. This was 
washed with water to remove sodium chloride, extracted with ether and 
dried over potassium carbonate. We obtained 50 g. of the crude, dry 
ester, corresponding to a yield of 93% of the theoretical. It was found 
that this ester can be distilled under diminished pressure, but not with¬ 
out considerable decomposition. It boiled at 257-260° at 50 mm. For 
our investigation, however, it was used without further purification. 

C«H*CH|v 

Potassium Salt of Benzylanilinomalonic Acid , ^>C(COOJC)*.— 

CeHsNH' 

Fifty grams of the crude diethyl ester (above) were saponified by heating 
with 24.6 g. of potassium hydroxide in 56 cc. of 50% alcohol. The potas¬ 
sium salt soon began to separate. After heating for 2 hrs. the solution 
was cooled to o° and the salt separated by filtration. It was purified 
by crystallization from 50% alcohol and deposited in beautiful, colorless, 
hexagonal plates. When heated at 295-300° for a long time it finally 
melted to a clear yellow oil. The yield of purified salt was 28 g. 

Cald for CuHuOtNKt: N, 3.88; found: N, 3 84, 4.1. 

From the alcohol filtrates left after purification of this salt, we isolated 
4.5 g. of a-anilino-0-phenyipropionic add (see below). This corresponds 
to 6.7 g. of the dipotassium salt of benzylanilinomalonate. 

1 Johnson and Shepard, hoc cit. 

* Johnson and Nicolet, This Journal, 36 (1914). 
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C«H#CH|v 

Benzylanilinomalonic Acid , y>C(COOH) 2 . —a quantitative yield 

CeHjNH/ 

-of this acid was obtained by treatment of the above potassium salt 
in aqueous solution with hydrochloric acid. All attempts to purify the 
acid by crystallization from alcohol were unsuccessful, as carbon dioxide 
was evolved immediately on warming the solutions. It was purified for 
analysis by precipitation with hydrochloric acid from an ice-cold solu¬ 
tion of its potassium salt. Under these conditions it separated in clus¬ 
ters of radiating needles, which melted at 170 173 0 to a clear oil. Car¬ 
bon dioxide was evolved when the acid was heated to 190- 200 °. 

Calc, for C^HisChN. N, 4.91; found: N, 4.87, 5.07. 1 

Disilver Salt. —This was obtained by dissolving the potassium salt in 
water and then adding the required amount of silver nitrate. It separa¬ 
ted as a colorless, amorphous precipitate, which was unstable on heating. 
Analysis of the salt after drying in a desiccator over concentrated sulfuric 
.acid: 

Calc, for CieHiaChNAga: N, 2.8; found. N, 2.78. 
a-Anilino-fi-phenylpropionic A cid f CftH5CHjCH(NHQH 6 )C( )OH.— 

Benzylanilinomalonic acid readily loses carbon dioxide wher heated 
above its melting point and is converted into this amino acid. Much de¬ 
composition, however, takes place by this treatment and the yield is 
not good. It is best prepared by heating an alcoholic solution (absolute 
.or dilute) of the malonic acid at the boiling temperature for a few min¬ 
utes. On cooling, the propionic acid separates in glistening plates show¬ 
ing distinct, rhombic forms. This compound begins to yield at 165°, 
when heated in a capillary tube, and then melts at 170-3° to a clear oil 
without any apparent decomposition. It is easily soluble in alcohol, 
moderately soluble in benzene, and cold ether, and difficultly soluble 
in hot water. It is best purified by recrystallization from 50% alcohol. 

Calc, for CisHuOjN: N, 5-8; found: N, 5.88, 5.99, 6.06. 

Ethyl Ester , C17H19O2N.—This is easily obtained, in the usual manner, 
by esterification of the acid with ethyl alcohol in the presence of sulfuric 
acid. After removing the excess of alcohol, by heating' under diminished 
pressure, the ester was extracted with ether, washed with water, and 
.finally dried over anhydrous sodium sulfate. It was purified by distilla¬ 
tion under diminished pressure and boiled at 206-9° at 12 mm. A second 
sample boiled at 218-221° at 19 mm. pressure. Under these conditions 
the ester was obtained as a thick, yellow oil, which solidified on standing. 
It crystallized from alcohol in stout, hexagonal prisms or blocks which 
melted at 48-49° to a clear oil without decomposition. The weight of 
purified material was 5. o g. or 68% of a theoretical yield. 

Calc, for CnHitOiN; N, 5.20; found: N, 5.18, 5.15. 
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* C#H*N—CO 


7 t 3-Diphmyl-2-thio-4-benzylhydantoin, 


.—Three and 


C«HftN—CHCHtCtHi 

four-tenths grams of a-anilino-/9-phenylpropionic acid and 1.9 g. of 
phenyl mustard oil were heated together at 130-135°. Water was evolved 
immediately, and a small amount of the unchanged propionic acid sub¬ 
limed during the operation. After heating for 5 hrs. we obtained a brown 
oil, which was diluted with alcohol. A crystalline substance separated 
at once. This was separated and then triturated with cold benzene,, 
when the above hydantoin dissolved, immediately leaving behind an in¬ 
soluble crystalline product (see below). 

The benzene solution was evaporated, whereupon we obtained a yellow 
gum which immediately solidified after trituration with 95% alcohol. 
This was purified by crystallization from alcohol and separated in clus¬ 
ters of needle-like prisms which melted at 129-130° to a clear oil without 
decomposition. The hydantoin gave a strong test for sulfur. The com¬ 
pound is very soluble in cold benzene and ether; easily soluble in glacial 
acetic acid, and very difficultly soluble in hot water. It is insoluble in 
dilute sodium hydroxide solution even on warming. The yield of puri¬ 
fied material was 56% of the theoretical. 


Calc, for CmHuONiS: N, 7.82; found: N, 7.96, 7.94. 


a-Bemylindoxyl , 



CH.CH,C«H* 


-The 


substance 


obtained 


in the preceding experiment, which was insoluble in cold benzene, was 
purified by crystallization from glacial acetic acid. It separated in well- 
defined, prismatic crystals (cubical) which melted at 271-272 0 to a clear 
oil. They did not contain sulfur. The compound was difficultly solu¬ 
ble in water and very soluble in alcohol and acetic acid. The yield was 
very small. , 


Cak. for CuHuON: N, 6.28; found: N, 6.21 


Several attempts were made to obtain this compound in larger quanti¬ 
ties. The corresponding p-nitrobenzyl derivative 1 was obtained as a 
secondary product in the preparation of diethyl nitrobenzylanilinomal- 
onate, and it seemed probable that this corresponding benzyl compound 
would be formed under similar conditions. A careful examination, how¬ 
ever, of the secondary products formed in the reaction between benzyl 
chloride and the sodium salt of diethyl anilinomalonate failed to reveal 
a trace of the indoxyl compound. 

Benzylanilinomakmic acid was also heated with phenylisothiocyanate, 
but, here again, the yield of indoxyl was not increased. This malonic 
1 Johnson and Shepard, Loc. cit. 
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acid was also heated alone at its melting point, but no formation of the 
indoxyl compound was observed. We finally heated a-anilino-0-phenyl- 
propionic acid with potassium hydroxide at 200 °, but the result was nega¬ 
tive, nothing but benzoic acid being identified. ' 

C«H|N—CO 

1,3-Diphenyl-4-benzylhydantoin, CO .—This hydantoin 

i 

C«H*N—CHCH,C«H 6 

is formed by the action of phenylisocyanate on a-anilino-/3-phenyl- 
propionic acid. The reaction, however, is not smooth and the yield of 
hydantoin is poor. One and three-tenths grams of the propiohic acid 
were heated with 0.8 g. of the isocyanate for 3 hrs. at 140-150°, when a 
brown colored product was obtained. On triturating with alcohol, the 
latter completely dissolved with the exception of a very small amount 
of crystalline material, which melted at 270-272 °. This was a-benzyl- 
indoxyl. The alcohol filtrate was concentrated to remove the alcohol, 
when an oil was obtained which dissolved in ether. A small amount 
of diphenylurea was obtained by this treatment. After drying the ether 
and then allowing to evaporate the diphenylhydantoin was obt lined as 
an oil which finally solidified after long standing. This hydantoin is 
extremely soluble in the common organic solvents and was not obtained 
in a crystalline condition. The crude dry product melted from 58 to 62 0 
Calc, for CmHisOjN : N, 8.1; found (Kjeldahl) : N, 7.75. 

This same hydantoin is also formed by heating phenylisocyanate 
with the ethyl ester of a-anilino-j8-phenylpropionic acid. 

’ Formation of i K 3-Diphenyl-4-benzylhydantoin by Desulfurization of 1,3- 
Diphenyl-2-thio-4-benzylhydantoin. —Three grams of the thiohydantoin 
were heated with 8. o g. of chloroacetic acid and 15 cc. of water for 6 hours 
at 150°. The desulfurized product was obtained as an oil. This was 
finally digested with hydrochloric acid to destroy any addition product 
formed with the halogen acid and then dissolved in ether and dried over 
calcium chloride. After evaporating the ether the hydantoin was then^ 
dried over concentrated sulfuric acid and finally by heating at 105-1 io°. 

Calc, for CnHisOsNt: N, 8.1; found: N, 7.72. 

NH—CO 
| | ✓CHaCeH* 

2-Thio-f-bewyl-f-phenyluramil, CS C<f .—This uramil was 

| | NsTH.CeH. 

NH—CO 

obtained in the form of its sodium salt by digesting thiourea in alco¬ 
holic solution with sodium ethylate (2 molecular proportions) and diethyl 
benzylanilinomalonate. After heating on the steam bath for 9 hrs. the 
yellow sodium salt, which had deposited, was separated by filtration and 
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dissolved in water. After washing with ether to remove a trace of oil,, 
the tiramil was precipitated by addition of hydrochloric acid. It separa¬ 
ted as an oil, which finally solidified on standing. The yield was 2.1 g. 
or 35% of theory. It was purified by crystallization from alcohol and 
separated in stout, prismatic blocks. They melted at 219-2 20 0 to a clear 
oil, which soon began to decompose with effervescence. This pyrimidine 
is very soluble in glacial acetic acid, moderately soluble in hot benzene 
and cold ether, and very difficultly soluble in hot water. The condensa¬ 
tion was repeated with four molecular proportions of sodium, but the 
yield of pyrimidine was not increased. A portion of the malonic ester 
undergoes decomposition during the reaction and a-anilino-0-pheny] - 
propionic acid is fomed. 

Calc, for CnHuO*N*S: N, 12.92; found: N, 12.75, 12.69, 13 03. 

N*w Haven. Conn 
May 20, 1914. 
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RESEARCHES ON PYRIMIDINES: LXXI. SYNTHESIS OF THE 
PYRIMIDINE NUCLEOSIDE, 4-HYDROXYMETHYLURACIL. 

By Treat B. Johnson and Lewis H Chsrnopf. 

Received June 6, 1914. 

This paper is our third contribution to the chemistry of pyrimidine 
nucleosides. 1 It includes a description of the synthesis and properties 
of the simple nucleoside of uracil, namely, 2 ,6-dioxy-4-hydroxymethyl- 
pyrimidine represented by Formula (I). 

NH—CO NH—CO 


CO CH 

I II 


CO C.CHj 

I II 


NH—C.CHjOH 
(I) 


NH—C.CH,OH 
(II) 


The method of synthesis, which has been applied successfully for the* 
preparation of this interesting pyrimidine, is perfectly analogous to that 
employed for the preparation of the corresponding simple nucleoside o£ 
thymine, namely, 2,6-dioxy-4-hydroxymethyl-5-methylpyrimidine 2 repre¬ 
sented by Formula ',(11). The starting point, in this case, was the ethyl 
ester of ethoxyacetic add (III), which was prepared in quantity by inter¬ 
action oi sodium? ethylate with ethyl chloroacetate, and also from the 
nitfile CjHbO.CHiCN* by direct esterification with ethyl alcohol in the 
presence of hydrochloric add (imidoester method). The ester undergoes, 
cohdensation with ,ethyl bromoaeetate, in the presence of amalgamated 
1 Johnson and Chemoff, J . Biol. Chem., 14, 307; This Journal, 35, 583 (1913). 
* Johnson and Chemoff, Loc tit. 

1 Sommeiet, Compt. rend., 143, 827. 
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zinc, 1 giving the /8-ketone ester —ethyl y-ethoxyacetoacetate (IV) The 
reaction may be expressed by the following equation 2 

C,H,OCH,COOC,H* + Zn Hg + Br CH, COOC,H, « 

(III) 

/OCtHs 

CjHiOCHaC—CHaCOOCiH# 

\ 

x OZnBr 

CjHftOH + Zn(OH)Br + C,H ft O CH, COCH 2 COOC,H 6 

(IV) 

This ester (IV) exhibits the normal properties of a /8-ketone ester and 
condenses normally with thiourea m alcoholic solution and in the presence 
of sodium ethylate, forming the sodium salt of the thiopyrimidine repre 
sented by Formula (V) The yield of this pyrimidine was excellent. 
The condensation may be represented as follows 
NH, COOC,H, NH—CO 

II I I 

CS + CHa ■» CS CH + H a O + CaHlOH 

II I II 

NH, CO CHaOCaHj NH—C CH,OC,H, 

(V) 

Little difficulty was encountered in converting quantitatively this thio- 
pynmidine (V), into its corresponding oxygen denvative (VI) This was 
accomplished by digesting the thiopyrimidine, m aqueous solution, with 
chloroacetic acid. The mechanism of this change may be represented 
by the following formulas 


NH—CO 



NH- CO 

| | UCHjCOOH 

HOOC CH 2 v 

> 

Cr 

1 1 

CS CH 

1 II 


* C CH —► 

1 II 

NH—C CHjOCiH, 



NH—C CH*OCiH» 

NH 

1 

—CO 

1 

HjO 

NH—CO 

1 1 

HOOCCHiS—C 

CH 

-► 

HbCHjCOOH + CO CH 

II 

II 

HC1 

• 1 II 

N- 

—C CHiOCiH, 

NH—C CH1OC1H1 




(VI) 


4-Ethoxymethyluracil (VI) is very stable in the presence of acids. 
It undergoes no change when heated with 10% sulfuric acid at 140 °. 
When heated with concentrated hydrochloric acid at 100 °, ethyl chloride 
1 Johnson, This Journal, 35, 582 (1913) 

* This reaction has been applied successfully with a number of other esters and the 
interesting results, which have been obtained, will be discussed in future papers These 
types of / 9 -ketone have hitherto received practically no attention, and should be of value 
for the synthesis of other important combinations of immediate biochemical and thera¬ 
peutic interest (T B Johnson) 
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waft evolved and the pyrimidine ether was converted smoothly into the 
primary halide, 2,6-dioxy-4-chloromethylpyrimidine (VII). 

NH—CO NH—CO NH—CO 


CO CH 


CO CH 


NH—C.CH 1 OC 1 H* NH—CCHiOH NH—C.CH,C1 

(VII) 

In order to convert this chloropyrimidine (VII), into the simple nucleo¬ 
side of uracil (I), it was first digested in aqueous solution, with silver 
sulfate to remove the halogen and the resulting sulfate was then de¬ 
composed by digesting with an aqueous solution of barium hydroxide. 
In this manner, the nucleoside (I) was easily obtained in a colorless, 
crystalline condition. A description of this compound is given in the 
experimental part of this paper. 

NH—CO /NH—CO \ NH—CO 


+ Ag*SO« 


NH—C.CH,C1 N NH—C.CH,0 ' * NH—C CH,OH 

(I) 

The structures of the ethers (V) and (VI), the halide (VII), and the 
nucleoside (I), were all established by the behavior of the uracil- 
nudeoside on reduction. When digested in hydriodic add solution, in 
the presence of a small amount of phosphorus, it underwent reduction 
smoothly and was converted into Behrend’s 4-methyluracil (VIII). 

NH—CO NH—CO 


NH—C.CHjO 


so, CO 


CO CH + 2 HI - CO CH +I| + H,0 


NH—C.CHiOH NH—C.CH, 

(VIII) 

Experimental Part. 

Ethyl y-Ethoxyocetoacetate , CjH^OCHjCO.CHiCOOCsHft.—The boiling 
point of this ester has previously been recorded in a paper from this lab¬ 
oratory. 1 The ester is easily obtained by interaction of molecular pro¬ 
portions of ethyl ethoxyacetate and ethyl hromoacetate in the ^presence of 
amalgamated zinc. # The esters we^ft qaixed with one or two molecular 
proportions of amalgamated zii^c, hi a dry flask cqnnected to a reflux 
condenser, and the mixture then warmed on a steam bath. At first, there 
was no apparent evidence of a reaction, but, on continued warming, there 
was Anally a great evottmA'of heat and the reaction became so violent 
that it was necessary ,f to cool with ice water. Within a few minutes, 
however, the Violent reaction was over and the mixture was then heated 
1 Johnson, Jss. cii. 
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at ioo° for io hours. We obtained a dark colored syrupy product, which 
was poured into cold water to decompose the double zinc compound. 
After acidifying with hydrochloric add, to complete the decomposition 
and to dissolve the zinc hydroxide, the oil was thoroughly extracted with 
ether and the add filtrate discarded. The ether solution of the crude oil 
was then washed several times with cold, dilute sodium hydroxide solution 
in order to remove the /3-ketone ester. On addifying this alkaline solution 
with hydrochloric add (cold) the ketone ester separated at once and was 
dissolved in ether. After washing with water and finally drying over 
anhydrous caldum chloride, it was then purified by distillation under 
diminished pressure. Some of the observed boiling points of different 
preparations are recorded below: 

Pressure in mm 22 26 30 30 32 52 

Boiling point 113* 116-120 0 120-125° 117° 121° 132° 

The average yield obtained was about 15% of the theoretical. The 
ketone ester can also be obtained by applying the condensation with ethyl 
chloroacetate, but the yield is smaller. 

NH—CO 

1 l 

2’Thio-4-ethoxymethyl-6-oxypyrimidine, CS CH .—For ‘lie prep- 

NH—CCHtOCaH* 

aration of this new pyrimidine, molecular proportions of thiourea 
were condensed with ethyl 7-ethoxyacetoacetate in the presence of sodium 
ethylate. The quantities of reagents used in one experiment were as 
follows. 13.5 g. of the ketone ester, 5.9 g. of thiourea and 3.6 g. of metallic 
sodium The sodium was dissolved in 50 cc. of absolute alcohol and, 
after cooling, the thiourea and ketone ester added. The mixture was then 
digested on the steam bath for 7 hrs. to complete the reaction and the 
alcohol finally removed by evaporation on a water bath We obtained 
the sodium salt of the pyrimidine as a colorless solid, which was very 
soluble in water. On acidifying this solution with acetic add the pyrimi¬ 
dine separated as a heavy crystalline predpitate. This was separated by 
filtration, washed with water and finally purified by crystallization from 
hot water. It deposited in large radiating prisms, which melted at 180-1 0 
to a clear oil. The yield was 7.1 g. 

Calc, for C 7 HioOsNsS' N, 15.05. Found: N, 15.07 
NH—CO 

I I 

4 2 t 6-Dtoxy-4-ethoxymethylpyrimidtne t CO CH .—Five grams of the 

NH—CXCHfOCaH* 

preceding 2 -thiopyrimidine and 5 g. of chloroacetic add were dissolved 
in hot water (50-75 cc.) and the solution boiled for 3 hrs. when the de- 
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sulfurization of the thiopynmidine was apparently complete. The 
mixture was then evaporated on the steam bath and the residue obtained 
finally triturated with cold water. The above pyrimidine was obtained 
in crystalline condition by this treatment. It was washed with cold 
water and finally purified by crystallization from hot alcohol. It separated 
in rhombic prisms which melted at 175 0 to an oil. The yield of purified 
pyrimidine was 2.5 g. 

Calc, for CfHioOsNa: N, 16.47. Found: N, 16.44. 

Behavior of 2 i 6’Dioxy-4-ethoxymeihylpyrimidine when heated with 
Sulfuric Acid .—One gram of the pyrimidine and 25 cc. of io% sulfuric 
add were heated in a bomb tube for 3 hrs. at 125 0 . On cooling, the pyr¬ 
imidine crystallized out apparently unaltered. The heating was con¬ 
tinued for 3 hrs. at 140°, and the sulfuric add then removed from the 
solution by preripitation as barium sulfate. After filtering off the sulfate, 
the neutral solution was concentrated and cooled, when the unaltered 
pyrimidine separated in the form of prismatic crystals. It melted at 
174 0 . The pyrimidine, therefore, did not undergo conversion to uracil. 

NH—CO 

1 1 

2 ,6-Dioxy-4-chloromethylpyritnidtne, CO CH .—This halogen de- 

NH—C.CHjCl 

rivative was formed by interaction of the above ethoxypyrimidine with 
hydrochloric acid. Two grams of the pyrimidine were heated with 50 cc. 
of concentrated hydrochloric add for about 24 hrs. at ioo°. The contents 
of the tube were then transferred to a beaker and evaporated to dryness 
at ioo°, when a dark colored residue was obtained. This was dissolved 
in hot water, the solution decolorized by digesting with bone-coal and 
finally concentrated again to a small volume. On cooling, the chloro- 
pyrimidine finally separated in the form of small radiating prisms, which 
decomposed at 204-215 °, depending on the rate of heating. The dust 
from this compound irritates the membranes of the nose producing sneez¬ 
ing. 

Calc, for C|H« 0 |K|C 1 ; N, 17 45 - Found: N, 17.7. 

NH—CO 

1 1 

2 t 6-Dioxy-4-hydroxymethylpyrintidine, CO CH .—In 4raer to 

* I II 

NH—C.CH,OH 

obtain this simple nucleoside of uracil we proceeded as follows: to an 
aqueous solution of the above chloropyrimidine (1.4 g. in 200 cc. of water) 
was added an excess of siWer sulfate (2.5 g.) and the mixture boiled in an 
open dish for about One hour, keeping the volume constant by addition of 
water. The insoluble silver chloride was then filtered off and the excess 
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of silver in solution precipitated as sulfide by hydrogen sulfide. The 
solution was then boiled to remove all free hydrogen sulfide and the silver 
sulfide separated by filtration. The sulfuric acid was then separated by 
precipitation as sulfate with barium hydroxide and the excess of barium 
precipitated as carbonate by saturating the solution with carbon dioxide. 
The neutral solution was then concentrated and cooled, when the nu¬ 
cleoside separated in prismatic crystals. This pyrimidine was purified 
for analysis by crystallization from hot water and separated on cooling, 
in small plates. They did not possess a sharp melting point. On heating 
in a capillary tube the pyrimidine began to show signs of melting at about 
240 0 and then decomposed quite sharply a 254 °. This decomposition 
point varies according to the rate of heating. The yield of purified 
nucleoside was 0.6 g. 

Calc, for C*Hcd|N 2 : N, 19.72. Found: N, 19.42. 

The structure of this nucleoside was established by its behavior on 
reduction with hydriodic acid. 

NH—CO 

I I 

The Formation of 4-Methyluracil, CO CH ,—Five-tenths of a gram 

NH- -C.CHi 

of the nucleoside was dissolved in 15 cc. of hydriodic acid (sp. gr. 1.7) 
and about 0.1 g. red phosphorus added to the solution. The solution was 
then boiled for 4 hrs., diluted with water and finally filtered to remove 
the phosphorus. The halogen and phosphate radicals were then removed 
by digesting with an excess of silver carbonate. After filtering, the excess 
of silver was then precipitated as sulfide with hydrogen sulfide and the 
aqueous solution then decolorized by boiling with bone-coal. The solution 
was then concentrated and cooled, when 4-methyluracil deposited in 
colorless crystals. It was purified by recrystallization from hot water. 
It did not melt or undergo decomposition below 300 0 and when mixed 
with pure 4-methyluracil this behavior, on heating, was not altered. 

Calc, for CfrHaOaNs: N, 22.22. Found: N, 21.9. 

New Haven, Conn. * 


[Contribution from the Chejical Laboratory of the University of Texas.] 

THE ACTION OF MONOCHLOROACETIC ACID ON SEMI- 
C ARB AZIDE AND HYDRAZINE. 

By J. R. Bailey and W. T. Read. 

Received June 8, 1914. 

Introduction. 

Hydrazine derivatives have been prepared by the action of mono- 
chloroacetic acid on phenylhydrazine, 1 and on hydrazine,* but no inves- 
1 Ber. t 28, 1231 (1895); 36, 3887 (1903). 

* J. prakt . Chem., [2] 83* 249 (1861). 
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ligation of a similar reaction has been published between semicarbazide 
and halogen acids. Our work on this latter reaction has shown that both 
semicarbazinoacetic add, NH*CONHNHCH s COOH, and semicarbazino- 
diacetic add, NH*CONHN(CH 2 COOH) 2 , result when potassium chloro- 
acetate and semicarbazide are heated in aqueous solution. The yield of 
semicarbazinoacetic add, as obtained by us, is poor, but semicarbazino- 
diacetic add is readily prepared by this method. It was observed that 
monoehloroacetic add reacts much more easily with semicarbazide than 
do the halogen derivatives of the higher fatty acids, a behavior wherdn 
semicarbazide resembles hydroxylamine. 1 

The study of the action of potassium chloroacetate on semicarbazide 
suggested a modification of the method of Curtius and Hussong* for ob¬ 
taining hydrazinodiacctic add, which has led to a simplification of their 
process with a greatly increased yield. This interesting substance is now % 
available in any amount desired with a few hours’ work. Curtius and 
Hussong employed 5 mols of hydrazine hydrate to 2 mols of monochloro- 
acetic acid, whereas in reality the molecule of hydrazinodiacetic acid is 
built from one molecule of hydrazine and two molecules of monochloro- 
acetie add. In their process, one molecule of this excess of hydrazine 
reacts to neutralize the hydrochloric add liberated in the reaction, and a 
second molecule gives with the hydrazinodiacetic acid formed a hydra¬ 
zine salt. The reactions that take place in the process may be interpreted 
as follows: 5 NH 2 NH 2 + 2CH2CICOOH = NH 2 N(CH 2 COOH) 2 .NH 2 NH 2 + 
NH 2 NH 2 .2HC1 4- 2NH 2 NH 2 excess. The excess hydrazine, as well as 
the hydrazine forming a salt with the hydrazinodiacetic acid, is removed 
here by fractional precipitation with benzaldehyde. Hydrazinodiacetic 
acid itself does not react with aldehydes. It is simply freed from the 
hydrazine salt by the action of the aldehyde and separates along with 
benzalazine, and the latter is removed by alcohol. In the modification 
of this process, as worked out by us, 1 mol of hydrazine hydrate, 2 mols 
of CH 2 ClCOOH and 2 mols of K 2 C 0 3 are employed, the reaction pro¬ 
ceeding as follows: 

NH 2 NHi + zCHjCICOOH + 2K 2 CO s - 

NH 2 N(CH 2 COOK) 2 + 2KCI + 2C0 2 + 2H a O. 
At the end of the reaction, the hydrazinodiacetic acid is liberated from its 
salt by neutralization with hydrochloric add, whereupon the hydrazine 
add crystallizes out This method is similar to the one employed by M. 
Busch in the preparation of asymmetric phenylhydrazinoacetic add, 
CeH 6 N(CH 2 COOH)NHi, from i mol phenylhydrazine, 1 mol monochknro- 
aeetic acid, and 1 mol potassium carbonate. 8 Curtius obtained from 50 

1 Ann., a89, 285 (1896). 

* J . prakt. Chem., [a] 83, 271 (1861). 

* hoc. cit. 



MONOCHLOROACBTIC ACID ON SBMICARBAZIDB, BTC. 1^49 

g. hydrazine hydrate 16-18 g. of hydrazinodiacetic acid, which he re¬ 
ports as a 51-57% yield, but it should be observed that this calculation 
is based on the amount of monochloroacetic acid used (40 g.). Calcu¬ 
lated the other way, the yield dwindles to 10 8-12.2%. We obtained 
from 21 g. of hydrazine hydrate 21.5 g. of recrystallized hydrazinodiacetic 
acid, which represents a yield of 34.6%, calculated on the basis of the hy¬ 
drazine hydrate used. 

Two methods were investigated for isolating semicarbazinodiacetic 
acid from the salt mixture formed in its preparation. The method that 
gave the best yield was esterification with alcoholic hydrochloric acid. 
As semicarbazinodiacetic acid forms a very difficultly soluble baritim salt, 
an attempt was made to utilize this salt in the isolation of the semicar- 
bazinodiacetic acid, but the method was not perfected to the point where 
the yield was equal to that in the esterification process. 

The esters of semicarbazinodiacetic acid are readily oxidized with per¬ 
manganate or bromine. The oxidation results in the elimination of one 
acetic acid rest, with the formation of esters of the semicarbazone of gly- 
oxylic acid, NHjCONHN = CHCOOH. The ethyl ester of this semi¬ 
carbazone was first prepared by Simon and Chavenne. 1 Their descrip¬ 
tion of the substance does not agree with the properties of the semicarba¬ 
zone as determined by us. However, the constitution of the oxidation 
product of ethyl semicarbazinodiacetate was established beyond ques¬ 
tion by its formation, (a) on esterification of glyoxylic acid semicarba¬ 
zone, and (6) on oxidation of ethyl semicarbazinomonoacetate. Further¬ 
more, on reduction with sodium amalgam, according to the method of 
.Parapsky and Prabhaker, 2 the oxidation product of ethyl semicarbazino¬ 
diacetate gave semicarbazinoacetic acid, NH 2 CONHNHCII 2 COOH, 
which was isolated by esterification. The ethyl ester obtained in this 
way proved identical in its properties with the semicarbazinoacetic ester 
prepared by Traube from the hydrochloride of ethyl hydrazinoacetate 
and potassium cyan ate. 8 

With sodium alcoholate, the esters of semicarbazinodiacetic acid, anakn 
gous to esters of semicarbazino acids in general, 4 condense to esters of 3,5- 
dioxy-1,6-dihydro-1,2,4-triazine-1-acetic acid, 

N—CHjCOOH 

/\ 

CH» N 

I II 

HO—C C—OH 


N 

1 Compt. rend., 143, 1906 (1906). 

* Ber., 4S» 2635 (1912). 

* Ibid., 31, 164 (1898). 

4 Am. Chem. 28, 386 (1902) 
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Boiled with the calculated amount of alkali, the esters of semicarbazino- 
diacetic add are readily saponified to semicarbazinodiacetic add; but, if 
heated under pressure at 150° with potassium hydroxide, semicarbazino¬ 
diacetic add readily loses the carbonamide rest with the formation of 
hydrazinodiacetic add, 

NH*CONHN(CH 2 COOH) 2 + 3KOH = 

NH 2 N(CH 2 COOK) 2 + KHCO, + HjO. 

The constitution of hydrazinodiacetic add and semicarbazinodiacetic 
add was established condusively by the action of sodium nitrite on hydra¬ 
zinodiacetic add and on methyl semicarbazinodiacetate, in which reac¬ 
tions iminoacetic add, NH(CH 2 COOH) 2 , and methyliminodiacetate, 
respectively, are readily formed and proved identical with the same 
preparations as described by other investigators. Curtius and Hussong 
tried the action of nitrous add on hydrazinodiacetic add, but did not 
succeed in isolating iminodiacetic add. The behavior of hydrazino- and 
semicarbazino-diacetic acids towards nitrous add is analogous to that of 
asymmetric methylphenylhydrazine, NH 2 N(CH3)C«Hb, 1 and diethyl- 
semicarbazide, NH 2 CONHN(C 2 H B )2,* towards nitrous add. The follow¬ 
ing equations interpret the reactions that take place between nitrous add 
and the above hydrazine derivatives of acetic acid: 

NH 2 N(CH 2 COOH) 2 + HN 0 2 = NH(CH 2 COOH) 2 + h 2 o + n 2 o 
NH 2 CONHN(CH 2 COOCH 8 ) 2 + HNOj ~ 

NH(CH 2 COOCH 8 ) 2 + N 2 0 + C 0 2 + NH, 

Curtius and Hussong found that hydrazinodiacetic acid very readily 
decomposes on heating with mineral acids, in that half of the nitrogen 
in the molecule is eliminated as ammonia. In addition to confirming this 
observation, we were able to isolate among the reaction products glyco¬ 
coll and nitrilotriacetic add, N (CH 2 COOH),,. The primary organic com¬ 
plex of the hydrolysis of the hydrazine acid is assumed by Curtius and 
Hussong to be hydroxylaminodiacetic add. The formation of glycocoll 
from hydroxylaminodiaeetic acid may be explained by assuming the 
elimination of a molecule of water and the subsequent hydrolysis of the 
resulting products as follows: 

HON(CH 2 COOH) 2 = (CH 2 COOH)N * CHCOOH + H 2 0 . 
(CH 2 COOH)N - CHCOOH + H 2 0 - NH,CH 2 COOH + CHOCOOH.i 
It may be that a second form of hydrolysis proceeds along with the one 
suggested above in that a part of the hydrazinoacetic add breaks down 
into glycollic acid and hydrazinomonoacetic add as primary decomposi¬ 
tion products, 

1 Ann., 190, 158 (1878). 

* Ibid ., X99, 314 (1879). 

* Cf. Ber., 39, 2566 (1906). 
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NH 2 N(CHaCOOH) 2 + H*0 - NH 2 NHCHaCOOH + CHjOHCOOH. 
The interaction of glycollic acid and glycocoll could then explain the 
formation of nitrilotriaeetic acid, 

2CH 2 OHCOOti + NH2CH2COOH = N(CH 2 COOH) 3 + 2H2O. 

The assumption that glycollic acid is an intermediary product in the 
action of sulfuric acid on hydrazinodiacetic acid harmonizes with the be¬ 
havior of semicarbazinodiacetic acid esters toward oxidizing agents, which, 
as shown above, results in the elimination of an acetic acid rest without a 
severance of the two nitrogen atoms in the original hydrazine complex. 

The formation of nitrilotriaeetic acid in the interaction of sulfuric acid 
and hydrazinodiacetic acid was quite unexpected, because Heintz found 
that nitrilotriaeetic acid, heated with concentrated hydrochloric acid for 17 
hrs. at 190° to 200°, was converted to iminodiacetic acid. 1 

However, a repetition of our experiment with hydrazinodiacetic acid 
gave the same uniform result. Attention might be called to the fact that 
this elimination of an acetic acid rest from nitrilotriaeetic acid by hydrol¬ 
ysis, as observed by Heintz, is also strictly analogous to the second form 
of hydrolysis suggested above for hydrazinodiacetic acid. 

In confirming the constitution of the oxidation product of ethyl semi- 
carbazinodiacetate, as described above, the semicarbazone was reduced 
with sodium amalgam, according to the method of Darapsky and Prab- 
haker, and in this way semicarbazinoacetic acid resulted. These inves¬ 
tigators do not isolate in their process the semicarbazino acid as such, but 
convert it to the hydrazino acid by the action of concentrated hydrochloric 
acid, and isolate the hydrazine in the form of the hydrochloride of the ethyl 
ester, HCl.NH 2 NHCH2COOC 2 H B . We discovered that semicarbazino¬ 
acetic acid itself is readily esterified and likewise forms a hydrochloride 
difficultly soluble in alcohol, so that an excellent method of preparing 
semicarbazino acids is suggested. 

As shown in the experimental part of this article, this method may be used 
to prepare semicarbazinopropionic acid, NH 2 CONHNHCH(CH 8 )COOH # 
from the semicarbazone of pyruvic acid, 

NHsCONHN = CH(CHa)COOH. 

Besides Darapsky and Prabhaker, Emil Fischer, 2 Elbers, 3 and later Kessler 
and Rupe, 4 have effected the reduction of the N = C complex in hydra- 
zones with sodium amalgam. 

The ethyl ester of semicarbazinoacetic acid reacts with mustard oils 
to form thiohydantoins. 5 With benzoyl chloride, the ester gives a benzoyl 

1 Ann., 149, 88 (1869). 

* Ber., 16, 2241 (1883). 

* Ann., 227 , 354 (1885). 

4 45* *6 (2912). 

* This Journal, 26, 1006 (1904). 
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derivative, which, with alkali, loses a molecule of water with the forma¬ 
tion of a triazol. 1 The semicarbazino ester further condenses with sodium 
alcoholate to the sodium salt of 3,5-dioxy-i,6-dihydro-i,2,4-triazine.* 
The hydrochloride of the ester yields, with sodium nitrite, u beautifully 
crystallizing nitroso derivative. 

The isolation of nitroso-derivatives of semicarbazino acids extends the 
analogy between the semicarbazino acids and secondary amines, which show 
a like behavior toward acid chlorides, mustard oils, isocyanates, nitrous acid, 
and diazonium salts, 3 as has been demonstrated by investigations carried 
out in this laboratory. It is the a-nitrogen in the semicarbazino acids 
to which is joined the reactive hydrogen, just as in the case of phenyl 
semicarbazide. 

Experimental Part. 

Preparation of Methyl and Ethyl Esters of Semicarbazinodiacetic Acid .— 
A semicarbazide solution is prepared according to the method of Bou- 
veault and Locquin 4 in the following way: “130 g. (1 mol) hydrazine 
sulfate are dissolved in 500 cc. of boiling water, and to the hot solution 
69 &• (° ■ 5 m °l) of potassium carbonate added in small portions. After 
allowing the solution to cool, 81 g. of potassium cyanate (1 mol) are added 
in several portions with the precaution of not allowing the temperature 
to rise. After this solution has stood 12 to 15 hrs., the potassium sulfate 
is precipitated in great part by the addition of 300 cc. of absolute alcohol 
and filtered off.” This solution is assumed to contain 80% of the theo¬ 
retical yield of semicarbazide. A concentrated aqueous solution of 227 
g. of monochloroacetic acid (3 mols) is next prepared and neutralized with 
165.5 8* of potassium carbonate (1.5 mols). The semicarbazide solution 
is now mixed with the potassium chloroacetate solution, and, after the re¬ 
action has proceeded in a boiling water bath for 12 hrs., the solution is 
evaporated to dryness in vacuo . For esterification, it is best to crush the 
flask and cut the sticky salt cake into small bits. Prepared in this way, 
the salt cake, on boiling with alcohol, disintegrates into a form suitable 
for the action of alcoholic HC 1 , and’ after this preliminary treatment, 
is allowed to stand with 300 cc. of 8 % alcoholic add for one week. At 
the end of this time, to the alcoholic solution of the ester filtered from in¬ 
organic salts, there is added a slight excess of ammonia, the alcohol is then 
distilled off in vacuo, the residue taken up in water, and the ester extracted 
with chloroform. * A small amount of ester may be obtained by re-esteri- 
ffcation of the salt residue obtained from the mother liquor left after ex¬ 
tracting the ester as above with chloroform. 130 g. of hydrazine sulfate 
1 Cf. Ber ., 33,1520(1912) 

1 hoc. tit. 

9 This Journal, 29,88x (1907). 

4 Bull . sec. ckbt ., 33) 162 (1903). 
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worked up in the above way gave 34.9 g. of the methyl ester, and a sec¬ 
ond experiment to determine the yield of ethyl ester resulted in 39.3 g. 
of the latter substance. Figured on the basis of the hydrazine sulfate 
employed, the yield in either case is approximately 16%. 

Methyl Semicarbazinodiacetate, NH 2 CONHN(CH2COOCH 8 ) 2 .—This es¬ 
ter can be purified by crystallization from alcohol or water. From alco¬ 
hol it separates in long needles, which melt undecomposed at 143.5 0 . 
It is readily soluble in chloroform and water, more difficultly soluble in 
benzene, and only slightly soluble in ether 

Calc, for C7 Hi S 0*Ni: C, 38.36; H, 5.93; N, 19.18. Found- C, 38.10; H, 6.06; N, 

18.97. 

Ethyl Semicarbazinodiacetate, NH 2 CONHN(CH 2 COOC 2 H 5 )2.—The ethyl 
ester is more readily soluble than the methyl ester in all solvents. It is 
best purified by crystallization from ether, from which it separates slowly 
in a fine, granular, crystalline state. From benzene it is obtained in the 
form of thin plates with dome shaped end faces, as seen under the micro¬ 
scope, and melts to a clear liquid at 91 °. 

Calc, for C9 Hi 7 0»Ni: C. 43.72; H, 6.88; N, 17.00. Found: C, 43.52, 43 70; H, 7.05, 
6.93; N, 16.79, 1715. 

Semicarbazinodiacetohydrazide , N H 2 CON HN (CH 2 CON UN ^2)2.—Hy¬ 
drazine hydrate (2 mols) and methyl semicarbazinodiacetate (1 mol) 
mixed in concentrated aqueous solution react readily at water bath tem¬ 
perature. The hydrazide, which separates out, can be purified by pre¬ 
cipitation from a concentrated solution in water with alcohol. It melts 
at 149 °, decomposing on heating a few degrees higher. 

Calc, for C|H m O|N 7 : C, 27.40; H, 5.94; N, 44-75- Found: C, 27.23; H, 6.05; 
N, 44.85. 

Dibenzal-semicarbazinodiacetohydrazide, N H 2 C ON HN (C H2CON HN = 
CHCeH^a.—On agitating an aqueous solution of the hydrazide with benz- 
aldehyde, the benzal compound quickly precipitates in quantitative yield. 
Purified by crystallization form alcohol, it melted at 178° with gas evolu¬ 
tion. 

Calc, for Ci#H 8 iO*N 7: N, 24.81. Found: N, 24.85. 

Action of Nitrous Acid on Methyl Semicarbazinodiacetate ~ - When equi- 
molecular amounts of methyl semicarbazinodiacetate, sodium nitrite, and 
hydrochloric acid are brought together in water as a solvent, the solution 
immediately assumes a deep yellow color and simultaneously a slow, 
steady gas evolution begins. The gas has the characteristic odor of 
nitrous oxide, and is mixed with carbon dioxide. After several hours' 
standing, the gas evolution stops and the original yellow color of the 
solution is almost completely discharged. The methyliminodiacetate 
formed can be removed by extraction with ether, from which it pre¬ 
cipitates as a hydrochloride, on leading into the ether hydrochloric acid 
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gas. TJiis substance is described by Jongkees. 1 He gives the decom¬ 
position point as 183°, which agrees with our observation, when the sub¬ 
stance is rapidly heated. 

Calc, for OHuCW.HCl: N, 7 09; HC 1 , 18.48. Found: N, 7.38; HQ, 18.73. 

Esters of 3,3-Dioxy- 1,6-dihydro- 1,24-triazine-1 -acetic Acid , 

N—CHiCOOH 

/\ 

IIjC N 

I II 

HO—C C—OH 

\/ 

N 

Ethyl Ester .—When treated with one mol of sodium ethoxide in ethyl 
alcohol solution, ethyl semicarbazinodiaeetate loses a molecule of alcohol 
passing to the sodium salt of the ester of the above triazine add. The 
same substance is obtained when methyl semicarbazinodiaeetate is treated 
with sodium ethoxide in ethyl alcohol solution. If, on the other hand, 
the ethyl ester of the semicarbazino add is treated with sodium methoxide 
in methyl alcohol solution, a salt of the methyl ester of the triazin acid 
results. In the preparation of the ethyl ester, a solution of sodium 
ethoxide, from o. 7 g. metallic sodium and 5 cc. of ethyl alcohol, was added 
to 5 g- of methyl semicarbazinodiaeetate in 25 cc. of ethyl alcohol. A 
sodium salt of the triazine ester separated out, but this was not filtered 
off. After 5 hrs. 35 cc. N HC 1 was added, the slight excess of HC 1 neu¬ 
tralized with ammonia, the solution evaporated to dryness, the residue 
taken up with a little water, and the triazine extracted with chloroform. 
This product proved identical with the triazine prepared by substituting 
the ethyl ester of semicarbazinodiacetic acid for the methyl ester in the 
above experiment. The new substance can be crystallized from water, 
alcohol, or acetic ether, in all of which solvents it is readily soluble. It 
is more difficultly soluble in benzene, and very sparingly soluble in ether. 
From alcohol it crystallizes in radiating bunches of short slender needles, 
which melt undecomposed at 138.5 °. 

Calc, for C7H11O4NJ: C, 41.79; H, 5.47; N, 20.90. Found: C, 41.59, 41.55; H, 
5 * 43 * 5 - 57 ; N, 20.84. 

Methyl Ester .—The triazine methyl ester was prepared similarly to the 
ethyl ester from both methyl and ethyl semicarbazinodiaeetate. The 
yield of ester obtained here was about 70% of the theoretical. This ester 
is much more difficultly soluble in water than is the corresponding ethyl 
ester, so that it separates out in great part, when, in its preparation, the 
sodium salt of the triazine ester is neutralized with HC 1 . The methyl 
ester is readily soluble in hot water, less soluble in alcohol, difficultly 

1 Rec. tow. chm 37, 287 (1908). 
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soluble in chloroform and aceticether, and insoluble in ether. From water, 
the methyl ester crystallizes in characteristic short, thick prisms with dome 
shaped end faces, melting undecomposed at 183.5°. 

Calc, for CtHiOjNs: C, 38.50; H, 4.81; N, 22.46. Found: C, 38 33; H, 4.93; N, 22.77. 

Semicarbazinodiacetic Acid, NH 2 CONHN(CH 2 COOH) 2 .—The esters of 
semicarbazinodiacetic acid are readily saponified by boiling with the cal¬ 
culated amount Of potassium hydroxide solution. For the isolation of 
the semicarbazinodiacetic acid, the potassium salt, as thus prepared, is 
treated with the requisite quantity of hydrochloric acid, the solution 
evaporated to dryness, and the residue extracted with alcohol. The acid 
precipitates from the alcohol in a fine granular condition on the addition 
of ether. It can also be obtained as a barium salt directly from the re¬ 
action product of potassium monochloroacetate on semicarbazide by 
neutralizing the reaction mixture with barium hydroxide, whereupon the 
difficultly soluble barium salt separates out. From this salt, the semi- 
carbazino acid can be obtained in the usual way by removing the barium 
as sulfate. The acid may be recrystallized from either alcohol or water 
in long rectangular plates, which on heating decompose with gas evolution 
at 161 0 . It has a very acid taste. The barium, calcium and zmic salts 
are difficultly soluble in water. Treated with sodium nitrite, an aqueous 
solution of the acid assumes a deep yellow color, but the nitroso com¬ 
pound here formed immediately begins to decompose with gas evolution. 
The acid titrates dibasic. 

Calc, for C*H90»N 8 :C, 31.41 ;H, 4.71; N, 21.99. Found: C, 31.155*1,4.77;N, 22.25 

CalciumSemicarbazinodiacetate,Cf£{iOd$iCQi.\.5KiO .—For the prepara¬ 
tion of the salts of semicarbazinodiacetic acid, a solution of the potassium 
salt was made, which with soluble salts of calcium, barium and zinc shows 
a precipitation. These salts are all difficultly soluble m water, and were 
not recrystallized for analysis. The calcium salt separates slowly from 
solution in the form of short, thick prisms. For the complete dehydra¬ 
tion of the salt, we employed a temperature of 180°. 

Calc, for C6H 7 0*NjCa.4Hi0: Ca, 12.90; H s O, 26.13. Found: Ca, 12.70, 12.69; 
H* 0 , 26.54. 

Barium Semicarbazinodiacetate , C&HTOsNaBa.HjO.—The barium salt, 
prepared by adding barium chloride to a solution of potassium semi- 
carbazinodiacetate, shows no definite crystalline form under the micro¬ 
scope. Our analysis indicates the presence of a molecule of water of 
crystallization, but the salt showed no loss in weight on heating as high 
as 180 °. 

Calc, for CtH70iN|Ba.Hj0:Ba, 39.89 ;N, 12.21. Found :Ba, 39.52,39.82 ;N, 12.35. 

Zinc SemicarbazinodiacetcUe, C*H70sNiZn.H*0.—The zinc salt, made 
by the method employed for the calcium and barium salts, was obtained 
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in the form of thin plates with dome-shaped end faces, as seen under the 
microscope. The tine determination on a sample of the salt dried at ioo° 
indicates a molecule of water of crystallization. 

Calc, for C«HfOftNsZn.H|0: Zn, 24.01. Found: Zn, 24.15. 

Preparation of Hydrazinodiacetic Acid , NH 2 N (CH 2 COOH) 2 , from 
Methyl Semicarbazinodiacetate. —As hydrazinodiacetic add is decomposed 
by adds similar to nitrilotriacetic add, it was attempted to split off the 
urea rest from the semicarbazino ester with alkali. In this experiment 
the conditions followed were to heat the semicarbazino ester with 3 mols of 
3AT KOH in a sealed tube at 150 0 for two hrs. At the end of this time the 
ammonia was distilled off and 3 mols of standardized HC 1 added. On con¬ 
centration of the solution to a point just suffident to hold the inorganic 
salts in solution, the hydrazinodiacetic add crystallized out in a yield of 
about 75% to 80% of the theoretical. In one experiment the yield of 
hydrazinodiacetic add obtained was 77% of the theoretical, and a titra¬ 
tion at the ammonia liberated in the reaction indicated a decomposition 
of 75.76%. There is necessarily a slight loss of ammonia in the transfer 
from the pressure tube to the distilling flask, and a further slight dis¬ 
crepancy in the results may be accounted for by a small amount of potas¬ 
sium chloride in the hydrazine add as wdghed. On evaporation of the 
filtrate from the hydrazine add and esterification of the residue with 8% 
ethyl alcoholic HC 1 in the cold, about 15% of the original semicarbazino 
ester may be regained. 

Hydrazinodiacetic add can also be prepared by the action of KOH at 
150° on the barium salt of semicarbazinodiacetic add, as obtained above 
directly from the reaction product of potassium chloroacetate on semi- 
carbazide, but the yield obtained by this method was not satisfactory. 

Preparation of Hydrazinodiacetic Acid from Potassium Chloroacetate and 
Hydrazine Hydrate . l —The following modification of the method of Curtius 
and Hussong is to be recommended in the preparation of hydrazinodi¬ 
acetic add. Neutralize 80 g. of monochloroacetic add (2 mols) in 200 cc. 
of water by adding in small portions 58 g. of potassium carbonate (1 mol) 
and then pour into this solution of potassium chloroacetate 21 g. of hydra¬ 
zine hydrate (1 mol). A second 58 g. of potassium carbonate are now added 
gradually, whereupon, with a steady evolution of COa, the temperature 
rises to about 7o°. ( The solution is now heated as long as gas evolution 
continues. At the end of the reaction, the hydrazinodiacetic add is precipi¬ 
tated by making the solution add to Congo paper with hydrochloric add.* 

1 J. prokt. Chem [2] 83, 271 (1861). 

1 The following conditions were established as suitable for the preparation 
of hydruzinomonoacetic add from potassium chloroacetate and hydrazine hydrate: 
Into 42 g. of 50% hydrazine hydrate (Kahlbaum), allow to drop rapidly with constant 
stirring, a solution of potassium chloroacetate, prepared from 21 g. of potassium oar- 
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The hydrazine acid thus obtained is freed from any admixed potassium 
chloride by recrystallization from water. The hydrazinodiacetic acid, 
obtained by the action of potassium hydroxide on the methyl ester pf 
semicarbazinodiacetic acid, proved identical with the above preparation 
from hydrazine hydrate. Curtius and Hussong state that the hydrazine 
acid, on heating, melts with violent gas evolution at i66°-i 67°. Our 
observation is that the substance begins to take on a yellow color 
at 165° and decomposes suddenly and completely at 176°. Despite the 
fact that the substance contains two carboxyls it has not an acid taste. 
Its solubility in water is 1:108 at 22 0 and 1:46 at ioo°. The following 
analysis was made on a sample obtained from the ester of semicarbazino¬ 
diacetic acid. 

Calc, for C4H1O4N1: C, 32.43, H, 5.41; N, 18.92. Found: C, 32.26; H, 5.53; N, 
18.86. 

Barium Hydrazinodiacetate, CJIeCWaBa.HgO.—The barium salt of 
hydrazinodiacetic acid was made by adding the calculated amount of 
barium chloride to a solution of the acid, neutralized with potassium 
hydroxide. The barium salt separates out slowly in a finely divided 
state, showing no definite crystalline form. Heated to 150°, it loses one 
molecule of water. 

Calc, for C 4 He04N a Ba.H a 0: Ba, 45.58; H a O, 5.98. Found: Ba, 44.74; H a O, 6.53. 

Zinc Hydrazinodiacetate , C4H6O4N2Z11.—The zinc salt was prepared 
similarly to the barium salt and resembles it very closely in its physical 
properties. Neither the barium nor zinc salt could be purified by recrys¬ 
tallization. 

Calc, for CJIaO^sZn: Zn, 31.03. Found: Zn, 30.81. 

Esters of Hydrazinodiacetic Acid. —Curtius and Hussong prepared the 
ethyl ester of hydrazinodiacetic "icid from the silver salt of the acid and 

bonate and 29 g. of raonochloroacetic acid (1 mol.). At the same time add, in small 
quantities, a second batch of 21 g. of potassium carbonate to the hydrazine solution, 
timing the process so as to bring it to a close with the addition of the potassium chloro- 
acetate. To insure completion of the reaction, next heat the solution to boiling one- 
half hour. In this reaction there is formed both the hydrazinomono- and di-acetic add 
The latter separates on making the solution add with hydrochloric acid For the 
isolation of the hydrazinomonoacetic add, the solution, filtered from the hydrazinodi¬ 
acetic add, is evaporated to dryness, 150 cc. of alcohol poured on the salt cake, and finally 
hydrochloric add gas led in to saturation. The esterification is then allowed to proceed 
in the cold twelve hours, when the solution is heated to boiling and filtered hot from the 
salt residue. On cooling, the hydrochloride of the hydrazino ester crystallizes out. 
The yields, in the one experiment tried, were 16 g. of hydrazinodiacetic add and 7.3 g. 
of the hydrochloride of hydrazinomonoacetic add ethyl ester. Darapsky and Prabhaker 4 
obtained from 20 g. of hydrazine hydrate (equal to 40 g. of 50% hydrate used above) 
6.4 g. of the hydrochloride of the ester of hydrazinoacetic add, using a method similar 
to that of Curtius and Hussong for preparing hydrazinodiacetic add,—J. R. Bailey 
and I,. A. Mxxbska, Ber., 45,1660 (19x2). 
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ethyl iodide, and found it to €t a “syrup/* which they were unable to 
crystalline. The same substance was obtained by esterification with alco¬ 
holic HC 1 . We repeated their last experiment and obtained the hydro¬ 
chloride of the ethyl ester as a viscous oil, readily soluble in alcohol, but 
which we were unable to crystallize. On dissolving in a concentrated 
aqueous solution of this salt an equimolecular amount of potassium 
cyanate, ethyl semicarbazinodiacetate crystallized out after stirring a few 
minutes, and proved identical with the esterification product of the acid 
already described, obtained by the interaction of potassium chloroacetate 
and semicarbazide. A nitrogen determination was made on the semi- 
carbazino ester made by this second process. 

Calc, for CbH 17 0 *Nj: N, 17.00. Found: N, 17.30. 

Hydrazinodiacetic acid is insoluble in both ethyl and methyl alcohol, 
but quickly dissolves in either with rapid esterification on leading hydro¬ 
chloric acid gas into a suspension of the acid in alcohol. We found that 
the methyl ester gives a beautifully crystallizing hydrochloride. For 
analysis it was crystallized from methyl alcohol in slender microscopic 
needles, which melted with gas evolution at 174.5°. 

Calc, for CeHnCWj.HCl: N, 13.13; HC 1 , 17 18. Found: N, 13.33; HC 1 , 17.10. 

This salt was likewise converted to the semicarbazino ester by the action 
of potassium cyanate, and the substance thus obtained proved identical 
with the esterification product of CH3OH-HCI on semicarbazinodiacetie 
add. As a further confirmation, a nitrogen determination was made. 

Calc, for CiHuObNV N, 91.18. Found: N, 19.41. 

Phenylthioureidaminodiacetic Acid Methyl Ester , QH 6 NHCSNHN- 
(CHaCOOCH#)*.—The above substance was prepared by dissolving the 
hydrochloride of hydrazinodiacetic acid methyl ester and sodium bicarbon¬ 
ate in equimolecular amounts in a little water, adding one mol of phenyl 
mustard oil dissolved in alcohol, and heating this mixture one hour to 
boiling. The alcohol was then distilled off and the mustard oil compound 
crystallized from alcohol, from which it separated in long needles, melting 
undecomposed at 120°. This compound is readily soluble in the common 
solvents with the exception of ether, petrolic ether, and water. 

Calc, for Ci*Hi«04N*Si N, 13.55. Found: N, 13.56. 

Action of Formaldehyde on Hydrazinodiacetic Acid .—All attempts of 
Curtius and Hussong to ptmdense hydrazinodiacetic add with aldehydes 
were without result* We repeated some of their experiments in this di¬ 
rection and were likewise unable to bring about a reaction. However, 
formaldehyde reacts in a peculiar way with this hydrazine. If hydrazino¬ 
diacetic add be covered with ordinary formalin, the hydrazine after a 
short time dissolves, 'forming a yellow solution, which becomes red on 
standing. If the hydrazine be warmed with the formaldehyde solution, 
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it immediately dissolves with a violent evolution of carbon dioxide, and 
the reaction product can be precipitated by the addition of alcohol as a 
crystalline, slightly yellow substance, which was not further investigated. 

Conversion of Hydrazinodiacetic Acid to Iminodiacetic Acid by the Action 
of Sodium Nitrite. —To 2 g. of the hydrazine acid covered with 15 cc. of 
water were added 1 g. of sodium nitrite and 5 cc. of water. The hydrazine 
dissolved after a few minutes stirring, with an evolution of a colorless gas, 
probably N 2 0 . At the end of the reaction, the calculated amount of 
standard hydrochloric acid was added to liberate the iminodiacetic acid, 
and the solution was then concentrated to a small volume.- After stand¬ 
ing over night, 1.2 g. of the characteristic crystals of iminodiacetic acid 
separated out. This product proved identical with a sample made accord¬ 
ing to the method of Heintz. 1 Eschweiler found that this substance 
melts with decomposition at about 225 °, 2 while Johnson gives the de¬ 
composition point at 235-236°. 3 Our determination agreed with that of 
Johnson. 

Calc, for C4H7O4N : C, 36.09; H, 5.26; N, 10.53. Found: C, 36.06; H, 5.36; N, 10.66. 

Action of Sulfuric Acid on Hydrazinodiacetic Acid.— In one experiment 
0.5 g. of hydrazinodiacetic acid was heated in a sealed tube with >o cc. 
of 2.85 N H2SO4 2 hrs. at 150°. The solution was then made alkaline 
with a slight excess of barium hydroxide and the liberated ammonia 
estimated. Calculated for 1 mol of ammonia, 3.38 cc. N acid; used, 
3.65 cc. This result agrees with a similar determination made by Curtius 
and Hussong in their study of the action of acids on hydrazinodiacetic 
add. After exact removal of the barium as sulfate, the solution from the 
ammonia distillation was evaporated to dryness and the residue purified 
to some extent by dissolving in water and predpitating with alcohol. 
A substance was thus obtained which, on heating, began to show signs of 
decomposition at about 200 contracted on further heating, and decom¬ 
posed completely between 225 0 and 230° (uncor.). This observation 
agrees quite well with the behavior of glycocoll on heating. In order to 
confirm fully the formation of glycocoll in the above decomposition of 
hydrazinodiacetic add, the experiment was repeated thotigh with slight 
modification. In this second experiment 5 g. of hydrazinodiacetic add 
and 20 cc. of 7.7 normal sulfuric add were heated two hours at 150°. 
There was considerable pressure on opening the tube, and after standing 
three days, 0.5 g. of a crystalline substance had separated out. This 
proved to be Heintz's “Triglycolamids&ure,” N(CH 2 COOH)a. 4 It was 
compared with a sample of nitrilotriacetic acid, made according to 
1 Ann., X 32 , 257 (1862). 

1 Ibid., 278, 231 (1894). 

1 Am. Chem. J„ 35, 65 (1907). 

4 Ann., X33, 369 (1862). 
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the method of Heintz, and in addition a nitrogen determination was made. 
According to our observation, nitrilotriacetic add decomposes at 246° 
to a reddish brown liquid. Polstorff and Meyer 1 give 239 0 as the decom¬ 
position point (probably uncor.). 

Calc, for CiHiOiN: N, 7.33. Found: N, 7.69. 

The add filtrate from the nitrilotriacetic acid was heated with an excess 
qf barium carbonate, and after removal of the barium salts the dissolved 
barium was predpitated as sulfate. The residue obtained by evaporating 
the filtered solution was taken up with water, and after neutralization 
with the calculated amount of potassium hydroxide, shaken with a slight 
excess of phenylisocyanate, according to the method of Paal. 2 A small 
amount of diphenyl urea was filtered off, and the solution made acid 
with hydrochloric add. 1.5 g. of phenylureidoacetic acid crystallized 
out. This was compared with a preparation made according to the method 
of Paal. On heating with concentrated hydrochloric acid, this liydan- 
toic acid showed the behavior of phenylhydantoic add, as recorded by 
Mouneyrat, 3 in that it was converted to 2-phenylhydantoin, melting 
at 159 to 160°. A nitrogen determination, made on the phenylureido¬ 
acetic acid, gave the following result: 

Calc, for CjHicOiNj: N, 14.43. Found: N, 14.75. 

Oxidation of the Esters of Semicarbazinodiacetic Acid. Ethyl Ester of 
Glyoxylic Acid Semicarbazone , NHjCONHN = CHCOOC 2 H 6 .—When to 
a concentrated aqueous solution of the ethyl ester of semicarbazinodiacetic 
add, made add with sulfuric acid, a concentrated solution of potassium 
permanganate is added, oxidation proceeds for some time without gas 
evolution, and after a while a difficultly soluble substance separates, 
which proved to be the semicarbazone of glyoxylic acid ethyl ester. The 
yield is poor and we did not attempt to isolate any other products of the 
reaction. It is possible that ethyl glycolate is formed as an intermediary 
product, but according to Schreiner 4 this ester would immediately be 
saponified by water into the corresponding add. Although the oxi¬ 
dation proceeds for some time without gas evolution, the primary oxidation 
products later decompose on further addition of permanganate with gas 
evolution. The ethyl ester of glyoxylic acid semicarbazone was also pre¬ 
prepared by oxidizing with permanganate Traube’s ethyl semicarbazino- 
acetate, 8 the reaction proceeding here similarly to the oxidation of ethyl 
semicarbazinopropionate. 6 The structure of the ester of glyoxylic add 

1 Ber., 45, 1910 (1912). 

* Ibid., 27, 975 (1894). 

'Ibid., 33, 2394 (1900). 

4 Ann., X97, 7 (1879). 

1 Ber., 31, 166 (1898). 

4 Ami., 303, 83 (1898). 
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semicarbazone was further confirmed by esterifying with alcoholic hydro¬ 
chloric acid glyoxylic acid semicarbazone, which had been prepared 
from chloral hydrate and semicarbazide. A substance of the formula 
NHjCONHN = CHCOOC2H5 is described by Simon and Chavanne, 1 
but the properties of their semicarbazone do not agree with those, as de¬ 
termined by us, for the oxidation product of ethyl semicarbazinodiace- 
tate. They describe their product as follows: “It melts with decom¬ 
position at 228°, is apparently insoluble in almost all solvents, but is 
readily soluble in boiling water with partial saponification." We find 
that the substance, when slowly heated, melts with gas evolution to a 
brown liquid at 211°, but on rapid heating, the decomposition takes place 
at about 218°. Our preparation was purified by crystallization from 
water and alcohol. In recrystallizing from water, it did not show any ten¬ 
dency to saponify. The substance crystallized from alcohol has the form 
of long, slender prisms, the faces of which have the appearance of being 
etched. 

Calc, for C,H,0*N,: C, 37.71; II, 5 63; N, 26.42. Found: C, 37 * 57 ; H, 5.63; N, 
26.60 

The above ester was prepared as follows from glyoxylic acid sem ; ; arba- 
zone, obtained by the action of chloral hydrate on semicarbazide: 2 3 g. 
of the semicarbazone acid were suspended in 150 cc. of 8% alcoholic 
hydrochloric acid and the solution heated to boiling 45 min. The alco¬ 
hol was then distilled off, the residue taken up with a little water and 
made slightly alkaline with ammonia. The semicarbazone ester pre¬ 
pared in this way has a slight yellow color, which is completely removed 
by recrystallization from water with the addition of animal charcoal. 

Oxidation of Methyl Semicarbazinodiacetate with Bromine .—Only a 
very small yield of the semicarbazone methyl ester was obtained by 
oxidizing the semicarbazino methyl ester with potassium permanganate. 
The esterification was therefore carried out with bromine under the follow¬ 
ing conditions: 5 g. of the semicarbazino methyl ester were dissolved in 
40 cc. of water and 1.5 cc. of bromine (1.2 cc. corresponds to one mol) aspi¬ 
rated into this solution. The bromine was instantaneously reduced and 
0.75 g. of the oxidation product separated out, corresponding to 22.7% 
of the theoretical yield of semicarbazone. This semicarbazone is readily 
soluble in hot water, and more difficultly soluble in alcohol. It crys¬ 
tallizes from water in a fine, granular condition. If it is heated and the 
bath kept at 206° for a few minutes it melts completely at this tempera¬ 
ture with decomposition. 

Calc, for C4H 7 0 |Ni: C, 33.10; H, 4.83; N, 28.97. Found: C, 33-27; H, 4.97; N, 
29.31. 

1 Cempt. rend., 143, 904 (1906). 

* Ber., 45, 2624 (1912). 
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Preparation of Ethyl Semicarbasmoacetate , NHiCONHNHCHiCOOCjHi, 
/row Semicarbazide and Monochloroacetic Acid. —In the action of potassium 
chloroacetate on semicarbazide, there is always formed both semicarba- 
zinomono- and di-acetic acid. In the preparation of the former sub¬ 
stance, it is best to use only one-third of the potassium chloroacetate 
recommended above in the preparation of the diacetic derivative. Es¬ 
terification of the semicarbazinoacetic add is best effected with boiling 
3% alcoholic IIC 1 , from which the HC 1 salt of the ester crystallizes on 
cooling. The yield of semicarbazinoacetic acid ethyl ester, obtained by 
this method, was only 3 g. from 40 g. of semicarbazide. Purified by re¬ 
crystallization from alcohol, the ester melted at 122 0 , as reported by 
Traube, 1 and proved identical with the ester obtained below by reduping 
glyoxylic add semicarbazone and esterifying the reduction product. 

Calc, for C»HuOiNi* C, 37 27; H, 6.83; N, 26.08. Found: C, 37*32; H, 6.96; N, 

26.33* 

Preparation of Ethyl Semicarbazinoacetate by Esterification of the Re¬ 
duction Product of Glyoxylic Acid Semicarbazone. —11.8 g. of glyoxylic 
add semicarbazone were reduced with sodium amalgam, according to 
the directions of Darapsky and Prabhaker, 1 after neutralization of the 
reduction liquid with hydrochloric acid, the solution was evaporated to 
dryness, and the residue.esterified by boiling with 250 cc. of 3% alcoholic 
hydrochloric add for one hour. The alcohol solution was filtered hot 
from the insoluble inorganic salts. On cooling, 9.2 g. of the hydrochloride 
of the ethyl ester of semicarbazinoacetic add crystallized out. The fil¬ 
trate from the hydrochloride of the ester was put back on the salt mass 
and boiled another hour. The alcohol was then filtered off, the HC 1 
neutralized with ammonia, the boiling solution filtered from the ammonium 
chloride, and the filtrate evaporated to dryness. The residue, on extrac¬ 
tion with alcohol, yielded 4 g. of crude semicarbazino ester, which gave 
2.1 g. pure substance on recrystallization. The total yield was about 
66% of the theoretical. Darap^ky and Prabhaker obtained a yield of 
50.4% of the theoretical in work^ u p the reduction product of glyoxylic 
add semicarbazone to the HC 1 salt of the ethyl ester of hydrazinoacetic 
add, HCl.NHtNHCHfCOOCiH*. For analysis the hydrochloride of 
semicarbazinoacetic add ethyl ester was recrystallized from alcohol. It 
decomposes at 17#* with gas evolution. 

Calc, for CftHnOiNs.HCl: N, 21.27; HC1, 18.50. Found: N, 21.42; HCi, 18.53. 

Semicarbazinoacetic Acid, , NHfCON HN HCH*COOH.—The ester of 
semicarbazinoacetic add is readily saponified by digestion for one-half 
hour in aqueous solution with one-half mol of barium hydroxide. On 
allowing the reaction mixture to cool, the difficultly soluble barium salt 
crystallizes out, from which the add can be liberated by exactly removing 

1 Loc. cit. 
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the barium as sulfate and concentrating the solution to the point of crys¬ 
tallization. It is readily soluble m water and difficultly soluble in alco¬ 
hol The acid melts at 143 0 

Calc for C|H 7 03N« N, 31 58 Found N, 31 86 

Benzoyl Derivative of Ethyl Semicarbazinoaeetate , NH 2 CON HN (COCflH 6 ) - 
CH2COOC2H6—Ethyl semicarbazinoaeetate (1 mol) was heated m acetic 
ether solution for one hour with benzoyl chloride (1 mol), and to neu¬ 
tralize the hydrochloric acid liberated in the reaction, sodium bicarbonate 
(iijmol) was suspended in the acetic ether The benzoyl derivative was 
isolated from the solution by concentrating this to a small volume and 
adding ether. It is readily soluble in water, alcohol and acetic ether, and 
difficultly soluble in ether and benzene It crystallizes from water m 
rectangular plates, which melt undecomposed at 172 0 

Calc for Ci/HuChNs C, 5434, H, 566, N, 1585 Found C 5402 H, 582, 
N, 15 91 

Conversion of the Benzoyl Derivative of Ethyl Semicarbazinoaeetate to 

N -CHaCOOH 

/\ 

1-Oxv-j-phenyltnazol-i-acetic Acid , N C—C 6 H S —The above de- 

HO—C-n 

scribed benzoyl derivative was converted into a triazol by heating 
with 10% potassium hydroxide solution for one-half hour, and the triazol 
was then precipitated by acidifying with hydrochloric acid 1 It is moder¬ 
ately soluble m both alcohol and water, and can best be purified by crys¬ 
tallization from glacial acetic acid On slowly heating it decomposes 
to a red liquid at 256°, beginning to melt at 253 0 

Calc for C10H9OJN3 C, 5479 H, 411, N, 1918 Found C 54 44. H, 437, 
N 18 94 

Ethyl 3-0%y-$ phenyltnazol-i-acetate —The triazol acid was esterified 
in the usual way by boiling with 6% alcoholic HC 1 for 3 hrs, the HC 1 
was then neutralized with ammonia, the alcohol solution, filtered from 
the ammonium chloride, evaporated, and the residue taken up with water 
On neutralizing the solution with ammonia, the ester separated out and 
was purified by crystallization from dilute alcohol It melts undecom¬ 
posed at 145 °. 

Calc for CtsHisOiNs N, 17 00 Found 17 30 

Action of Phenyl MUstard Oil on Ethyl Semicarbazinoaeetate . i-Ureido- 
NHtCONHN-CH, 

I I 

3-phenyl-2-thiohydantoin, SC^^CO —»Phenyl mustard oil and 

N—CiH, 

4 Cf. Ber. t 29, 1946 (1899). 33* 1320 (1900), 45, 30 (1912) 
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ethyl semicarbazinoacetate, in molecular proportions, were heated 
to boiling for one-half hour in glacial acetic acid solution. On cooling, 
the hydantoin crystallized out and was purified by recrystallizing from 
acetic acid and water. It is readily soluble in hot glacial acetic acid, 
and more difficultly soluble in alcohol and water. From the latter sol¬ 
vent it separates in thin plates with a pearly luster, which, on slow heat¬ 
ing, melt with decomposition to a red liquid at 211°. 

Cate, for C10H10OSN4S: C, 48.00; H, 4.00; N, 22.40; S, 12.80. Found: C, 47-53; 
H, 4.18; N, 22.61; S, 12.84. 4 

Nitroso Derivative of Ethyl Semicarbazinoacetate , NH2CONHN (NO)- 
CHfCOOCsHf. —The hydrochloride of ethyl semicarbazinoacetate and 
sodium nitrite in aqueous solution readily react to form a stable nitroso 
compound. This separates out, when the solution is concentrated, or can 
be extracted with ether or chloroform. The nitroso compound is soluble 
in the common solvents with the exception of petrolic ether, and can be 
purified by recrystallizing from benzene. It is of a light yellow color 
and gives the Liebermann reaction. Heated with 10% KOH, the 
nitroso compound decomposes with gas evolution. The substance be¬ 
gins to melt at 99 0 and decomposes completely at 102 0 

Calc, for C*HioC>4N4: C, 31.58; H, 5.26; N, 29.47. Found: C, 31-67; 6-25; 

N, 29.79. 

NH 

/\ 

H,C N 

3 t 5-Dioxy-i,6-dihydro-i,2,4-triazine t I II . Sodium Salt .— 

HO—C C—OH 


N 

When one mol of sodium ethoxide in alcohol is added to an alco¬ 
holic solution of ethyl semicarbazinoacetate, there results an immediate 
precipitation of the above triazine salt. For analysis the salt was boiled 
with absolute alcohol and washed with ether. 

Calc, for C*H| 0 *NiNa: N, 30.65; Na, 16.79. Found: N, 30.44; Na, 17.05. 

The free triazine may be prepared as follows, without isolating the 
sodium salt: After mixing the semicarbazino ester and sodium alcoholate 
in equimolecular amounts in alcohol, the calculated amount of standard 
HQ is added, the solution heated to boiling, and filtered. In this process 
only a small amount of the triazine passes into the alcohol. The triazine 
is next separated from admixed sodium chloride by carefully leaching 
out the salt with the least romible quantity of cold water. It can be 
purified best by recrystallizamoir from water, in which it is readily solu¬ 
ble, and from which it crystallizes in prismatic plates of a pearly luster, 
melting undecomposed at 221 °. It is very difficultly soluble in alcohol, 
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and insoluble in the other common organic solvents. A solution of the 
triazine decolorizes bromine water instantaneously. 

Calc, for CaH* 0 *N 8 : N, 36 52 Found: N, 36.40. 

Preparation of Ethyl Semiearbazinopropionate t NHjCONHNHCH- 
(CfJ8)COOC 2 H 6 from Pyruvic Acid Scmicarbazonc , NHjCONHN =* 
CH(CHs)COOH — The pyruvic acid semiearbazone 1 used in this experi¬ 
ment was made in a yield of about 02% by allowing semicarbazide and 
potassium pyruvate to react in aqueous solution. The reaction pro¬ 
ceeds with a considerable generation of heat, and at its close the semi- 
carbazone can be precipitated by adding the calculated amount of hydro¬ 
chloric acid. The reduction was carried out just as in the case of gly- 
oxylic acid semiearbazone, according to the method of Darapsky and 
Prabhaker, and the esterification process used there was found available 
in this preparation. The ethyl semiearbazinopropionate does not sepa¬ 
rate out as the hydrochloride, but is readily extracted from neutral solu¬ 
tion with chlorofciHn. Only one trial was made in the working out of 
the above process for the preparation of ethyl semiearbazinopropionate, 
and this resulted in a yield of 46% of the theoretical. In another experi¬ 
ment, the ethyl ester of pyruvic acid semiearbazone was reduced in boiling 
80% alcohol with 5% sodium amalgam, according to the method of Kess¬ 
ler and Rupe, 2 and the reduction product isolated in the form of the ethyl 
ester as above. This experiment gave a yield of 64% of the theoretical. 
However, a further study of these reduction processes would be necessary 
in deciding the best method of making this semicarbazino ester. There 
is no doubt that semicarbazinopropionic add esters can be more con¬ 
veniently prepared from pyruvic acid semiearbazone than by the original 
method of Thiele and Bailey. The semicarbazinopropionic acid ethyl 
ester made as above was compartd with a preparation made by the method 
of Thiele*and Bailey, and the two samples were in every way identical. 
Further, the reaction products with benzyl chloride, phenyl mustard oil, 
and sodium alcoholate referred to in other parts of this article were made 
and found to agree with the description of these substances. A nitrogen 
determination on ethyl semiearbazinopropionate, prepared by the new 
process, follows. 

Calc, for CbHuOjNs: N, 24.00 Found: N, 24.12. 

Nitroso Derivative of Ethyl Semiearbazinopropionate , NH*CONHN(NO)- 
CHCCHaJCOOCjHfi.—This nitroso compound was made similarly to the 
nitrososemicarbazinoacetic acid ethyl ester described above, and gives 
the Liebermann reaction. It crystallizes from acetic ether in long, 
slender prisms of a light yellow color, is - readily soluble in water and 

^»ff., r 303 ,[ 87 r (i 898 ). 

* Lee cit. 
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alcohol, and difficultly soluble in ether and benzene. It melts with gas 
evolution at 134.5°. 

Calc, for C«HiiO«N<: C, 35.29; H, 5.88; N, 27.43. Pound: C, 3551; H, 5.97, 

N, 87.31. 

Chbmicai, Laboratory, 

Univrrrity or TEXAS, 

Austin, Texas. 

[Contribution from the Otho S. A. Sprague Memorial Institute, Laboratory 
of Clinical Research, Rush Medical College ] 

THE PREPARATION OF ACROLEIN. 

By Edoar J. WlTXRMANN 
Received June 12, 1914. 

Although numerous methods have been proposed for the preparation 
of acrolein, it has remained relatively difficult to obtain it pure and in 
large quantities. The most practical method for obtaining pure acrolein 
hitherto has been the phosphoric add method proved by Nef, 1 used 
by McLeod, 2 and investigated in some detail by Bergh. 8 More recently 
Wohl and Mylo 4 have described a method for preparing acrolein in which 
anhydrous magnesium sulfate was used as the catalyst. However, the 
apparatus used by Wohl and Mylo is composed entirely of especially con¬ 
structed parts so that the method, as described by them, cannot be used 
except after a large outlay in time and money for the construction of the 
apparatus. The present note is an account of a much simpler way of 
using magnesium sulfate in an apparatus composed of ordinary stock 
materials. The results obtained by this modification are not so good 
as the best results obtained by Wohl and Mylo, but the method, as de¬ 
scribed here, is much more available for ordinary use. 

Before discussing the modification of Wohl and Mylo’s method I wish 
to record my experience with the phosphoric add method. The appara¬ 
tus used was essentially like that used by Bergh. A three liter Kavalier 
round-bottom flask standing in a Babo funnel and heated by a ring burner 
was used instead of the iron retort employed by Bergh. That is, the 
apparatus was like that in Fig. i, except that there was no dropping fun¬ 
nel in the generator flask and that the thermometer was pushed down 
into the glycerol. 

Using an apparatus arrange^*! this way, a charge of 500 g., consisting 
of 475 g. of cominercial glycertfl and 25 g. of a pure phosphoric add (d. 
1.7), regularly gave 40-45 (sometimes 50 g.) of very pure acrolein. It is 
nec eusa r y ffi regulate the flame of the ring burner carefully because more 

1 Ann., (1904). 

* Am. Ckm. J. t J 7 » SSiiOT). 

• /. pnkt . Ckm., [a) 79,351 (1909). 

4 B$r„ 45, aoso (i9«)- 
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tar and less acrolein are formed the higher the temperature is raised 
above the point necessary to maintain active distillation. This is usually 
about 220 0 during the first part of the distillation. The temperature 
must usually rise to about 240° as distillation progresses. The end point 
of the distillation is very definitely indicated by the fact that the tar 
suddenly begins to foam up and fill the flask. If the temperature has 
been properly regulated, the flame may be turned down when the foaming 
begins and the tar foam will only rise part way in the flask. But if the 
tar is too hot it will boil over and accomplish one of several things, the 
least of which is to fill the distilling tube and condenser with tar. 

When amounts of phosphoric acid are used corresponding to between 
3 and 4.5% of the reaction mixture, the acrolein distillate is somewhat 
heavier (50-55 g.) but the acrolein thus obtained is slightly inferior. The 
temperature of decomposition rises as the percentage of phosphoric acid 
is decreased. 

It was thought that perhaps the yield could be increased by continuing 
the distillation after the foaming stage. It was possible to heat the tars 
after the foaming but the yields were not very markedly increased and 
the quality of the acrolein was reduced by the last runnings. Appar¬ 
ently, the subsequent heating only tends to further dehydrate tiie tar 
without producing additional amounts of acrolein. 

Attempts were made to increase the yield by placing only 200 g. of the 
charge in the generator and dropping the other 300 g. into the generator 
flask through a separatory funnel diming the distillation. This proved 
to be unsatisfactory, because the reaction mass was likely to foam up 
at any moment unless very closely watched, and the yield of acrolein 
was not improved. 

The tars formed in this process are relatively easily soluble in 5-10% 
alkali solutions. The solubility diminishes as the degree of dehydration 
increases. 

After having prepared about 1.5 kilos of acrolein in this way the method 
was abandoned in favor of the following: 

Modification of Wohl and Mylo’s Method. 

The method of Wohl and Mylo 1 has but one defect and that is, it con 
only be used after a heavy outlay for special apparatus. The modifica¬ 
tion here described was made in an attempt to utilize magnesium sulfate 
as a catalyst under less expensive conditions. After some experimenta¬ 
tion with the use of distilling tubes, etc., the apparatus of Bergh’s phos¬ 
phoric acid method was modified as shown in Fig. 1. A is a ring burner 
resting on an asbestos board supported by a large ring attached to the 
ring stand. B is a Babo funnel. C is a three liter round-bottom Kavalier 
long neck (about 12 cm.) flask connected by an ordinary glass tube con- 
1 L*c. tit. 
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nection to a short condenser. A short bent adaptor connects this with 
the first receiver (a one liter flask), which contains 100-125 g. of common 
salt and is immersed in boiling water. The bent glass connecting tube 
leading from D is constricted at its lower end and has a hole blown about 

2.5 cm. from the lower 
end, in order to allow 
vapors to pass through 
it without forcing them 
through the water drops 
which continually fall 
from the lower end of this 
connecting tube. The 
receiver for the acrolein 
is kept immersed in an 
ice-water bath E. The 
uncondensed acrolein vapors are disposed of by means of a rubber tube 
attached to the side arm of the receiving flask and which terminates in a 
good hood or outside of the building. The two ring stands supporting 
the condensers are not shown. 

The hydrated magnesium sulfate was dehydrated by heating it with a 
good Bunsen burner in an iron pan. Dehydrated layers at least three- 
eighths of an inch thick were obtained. This material was broken up be¬ 
tween the fingers into pieces varying from one-fourth to one-half inch in 
dimensions. The smaller particles and dust were carefully removed. 
One hundred and sixty grams of this were placed in the three liter flask. 
If dust and fine particles cover the bottom of the flask to any marked ex¬ 
tent, the flask will probably be broken during the distillation, hence the 
care in removing the fine magnesium sulfate. 

Just before beginning the distillation 200 g. of commercial glycerol 
are poured on the magnesium sulfate. The flask and contents are now 
warmed up fairly slowly by keeping the flame low at first. Meanwhile, 
the Bunsen lamp under D is lighted in order to heat the water bath to 
boiling. When acrolein begins to pass over into the second receiver 
(the water is held back by the salt in the first receiver) glycerol is slowly 
dropped into the generator through the dropping funnel. The glycerol 
must be added as fast as that already present is decomposed, but not much 
faster. If the*glyren>l is not added os fast as it is decomposed, the bottom 
of the flask burns dry and breaks, although the magnesium sulfate mass 
may be foaming actively and developing acrolein freely. The glycerol in 
the generator darkens in color and becomes more syrupy and tarry as the 
distillation proceeds* * The rate of the tarring depends somewhat on the 
height of the flame on the ring burner. After having studied the reac¬ 
tion and learned the optimum conditions, I found that I could operate 
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with three sets of apparatus simultaneously and could thus obtain about 
500 g. of very good acrolein in about five hours. The process requires 
very close attention, especially during the first few runs, but later on 
other work can be carried on easily. 

Occasionally generator flasks break during distillation, but there is 
nothing to fear from this, since the odor given off is mostly that of hot 
sugar tar. This was a great surprise. It was expected that the odor of 
acrolein would be overpowering. Usually flasks are broken in this way 
because they are heated too rapidly at the beginning of the distillation. 
If the distillation has not progressed too far, so that the magnesium sul¬ 
fate is not clogged with tar, the glycerol-soaked magnesium sulfate may be 
transferred to another flask and distillation continued. This was done a 
number of times. 

Wohl and Wylo have suggested that the yield of acrolein might be in¬ 
creased, when distilling from a metallic retort containing the whole charge, 
by stirring the contents. From my experience in watching the opera¬ 
tion in a glass flask it is apparent that the tar clogs up the pores and 
lumps of the magnesium sulfate; if this tar could be drained away from 
the catalyst the same catalyst could be used with much larger amounts 
of glycerol. This tar probably arises at first solely from acetol and it is 
possible that, as the amount of acetol tar increases, that either relatively 
more acetol is formed or that much of the acrolein is also resinified. At 
least it is certain that the yield in acrolein hour for hour diminishes some¬ 
what as the distillation proceeds. 

The acrolein as obtained in the second receiver is lemon-yellow in color 
and nearly always begins to polymerize at once. There are always a few 
grams of water in the bottom of each acrolein distillate. If this water is 
not removed, the polymerization does not proceed very far, so that the 
crude acrolein, if kept in a cool place, may be redistilled the next day 
without very great loss. 

After having made some practi ce runs the following yields were ob¬ 
tained: 

45 ° g.) 

460 g. crude acrolein from 1800 g. gly -1 When redistilled 32o-6d g. of purified aero- 


470 g. j cerol. Average yield 43%. / lein were obtained. 

480 g.J 

495 g. from 1850 g. glycerol.370 g. pure acrolein 

547 g. from 2000 g. glycerol.425 g. pure acrolein. 


The crude, moist acrolein began to boil at 51 0 and distilled over almost 
entirely between 52-54°; only a very small amount boiled between 54° 
and 58°, which was obviously due to the presence of water. Acrolein 
thus distilled polymerizes quite rapidly and should be agitated for a few 
minutes with granular calcium chloride until it dears up and then be 
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tided at once. The calcium chloride must not be alkaline to litmus in 
aqueous solution, because such calcium chloride causes very rapid polym¬ 
erization. 

Under normal conditions the tar in the generator flask can be readily 
and quickly washed out with warm water. At other times there is a small 
amount of non-add tar, which can be removed easily with the chromic 
add deaning mixture. 

Chicaoo, III. 


THE PHOSPHATES OF 2,3-DISTEARIN. 1 

By R R. Renshaw and R. R. Stevens 
Received June 22, 1914. 

Grim and Kade 2 have recently described a number of distearyl phos¬ 
phates obtained by the action of phosphoric anhydride on 2,3-distearin. 
It would appear that the publication of their researches was delayed and 
that their results were obtained, in part at least, as early as 1910. We 
also began the study of the phosphatization of distearin in the summer of 
1910, but our object was to obtain a definite substance and not per se 
to study the interaction of phosphorus pentoxide and distearin. Our 
investigation is not as complete as that of Grun and Kade, and we bring 
up no question of priority. There are, however, certain similarities and 
differences in our results which we think desirable to indicate at this time. 

Under certain conditions, Grun and Kade obtained the mono-2,3-di- 
stearyl glyceryl phosphate and from the decomposition of this, by standing 
or by reciystallization from alcohol, ether or ligroin, they seem to have 
obtained primary, secondary, tertiary and quinquenary esters of o-phos- 
phoric acid. Suggesting as probable, the intermediate formation of meta¬ 
phosphates, they propose the following scheme to represent the decompo¬ 
sition, where R represents the distearyl radical: 

RH,P 8 0 7 —► RH 2 P 0 4 —► R a HP 0 4 —► R*P 0 4 —► R5PO5 
That is, for instance, the primary distearyl glyceryl phosphate breaks 
down in part into distearin and phosphoric acid and the distearin formed 
reacts with some of the undecomposed primary phosphate to form the 
secondary phosphate, and similar reactions yield the tertiary and quin¬ 
quenary phosphates. The evidence offered seems to be sufficient with the 
possible exception of the quinquenary phosphate. 1 

1 Presented at the 49th General Meeting of the Am. Chem. Soc., Cincinnati, Ohio, 
April 8 , X914. 

* Ber., 45, 3358* 

* In connection with thin, it may be recalled that Grun himself has shown that 
diglycerides form, very stable addition products with the fatty adds, as for instance, 
dimyristixt forma CtH*(OH) (OCOCuHjt)* + 2HOOCCi*H* 7. The phosphorus content of 
the quinquenary ester and of such an addition product of the tertiary phosphate with 
four molecules of stearic acid differ within the allowable analytical error. 
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Both from experimental data and from analogy with the reversibility 
of the reaction of concentrated sulfuric acid and stearic acid on mono and 
distearin, the decomposition proposed by Grun and Kadc was viewed 
with surprise by the present authors. Our results show clearly the ten¬ 
dency of the phosphates to hydrolyze, forming products poorer in fatty 
acid and richer in phosphorus rather than the reverse as found by Grun 
and Kade. 

We have confirmed the work of Grun and Kade and of Hundeshagen 1 
on the preparation of the primary 0-phosphate of 2,3-distearin. In ad¬ 
dition we have isolated salts of a pyrophosphate which appears to be 


CHj—O—COCnHw 

I jO 

CH--0—Pf ONa 
1 X) 

CH, -O—p/ONa 


This was obtained in an attempt to simplify the process for the separation 
of the primary distearyl glyceryl phosphate. A typical example of the 
procedure follows: 2.5 g. of distearin and 1.3 g. of phosphorus pentoxide 
were heated for an hour at ioo° with constant stirring. Thi reaction 
product was cooled, pulverized and sifted with stirring into a saturated 
solution of sodium hydrogen carbonate. The brownish, granular material 
separating in the bpttom of the beaker was filtered, washed with water 
and extracted with acetone to remove stearic acid and distearin. About 
one-fourth of the residue from the acetone extraction was soluble in boiling 
benzene. The remainder, insoluble in benzene, was boiled with water, 
and its concentrated aqueous solution precipitated with acetone. In 
the boiling stearic acid was split off. The combined soluble products 
were purified by dissolving in benzene and precipitating with acetone, and 
finally recrystallizing from petroleum ether. It separated from this solvent 
in prismatic plates melting at 167-8° (uncor.). The yield was about 
o .47 g- 

Calc, for CsAoOtPsNas: P, n-39%; stearic acid, 52.2%. Pound: P, 11.51%, 
H-43%; stearic acid, 51.86%. 

This sodium salt dissolves in hot water, giving a solution resembling 
that of soap. It is soluble in hot benzene and in petroleum ether and is 
nearly insoluble in acetone. 

A silver salt was obtained by precipitating a concentrated solution of 
the sodium salt with silver nitrate. It melts at 147.5 0 (uncor.) and readily 
darkens. 

Calc, for CsiHioOtPtAgs: Ag, 30,23%. Pound: Ag, 30.19%. 

Insoluble barium and calcium salts were also obtained. 


1 J. prakt. Chem. t 28, 23a. 
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No attempt was made to investigate further the product insoluble in 

benzene. 

WStLVYAN UlCTVBMlTT AND IOWA STATJt COLLBOR. 

OIL OF OCYMUM PILOSUM ROXB. 

By Kbhitibhuoan Bhaduri. 

Received June 8, 1914. 

The botanical characteristics of Ocyntutn Pilosum, Roxb. are as follows: 
Shrubby, branches four-sided, and furrowed. Leaves, ovate oblong, 
cerrat. Bractes petioled, sub-orbicular, hairy; upper tip of the calyx 
orbicular and hairy, with cprrolla twice its length. 

The seeds when steeped in water swell into a jelly, which is used medicin¬ 
ally by the natives of India. 

The plant has a very strong odor of the oil, which is found in the whole of 
it as well as in the seeds; but, when the latter are dried, no oil can be got 
from them by distillation. This may be due to either of the two causes, 
viz., the oil is extremely volatile and when the plant dries it volatilizes, 
or in the course of drying, the oil reunifies and, as such, it cannot be ob¬ 
tained by distillation. 

The percentage of oil in the green seeds is higher than in that of the 
leaves. The oil has been obtained by the author by distillation at the 
laboratory, the total volume obtained being very small. The season 
being over, it was not possible to obtain a fresh supply of the plant. It 
is hoped, however, that a good quantity of oil may be obtained the 
coming season, when the results of further investigation will be com¬ 
municated. 

To obtain the oil, the whole plant, as cut down, can be at once submitted 
to steam distillation. The whole of the oil comes over within a very short 
time, about half an hour being sufficient for this purpose. It is a very 
thin mobile liquid with a pale yellow color. When left exposed to the 
atmosphere part of it volatilizes and a resinous mass remains. The odor 
is almost identical with that of lemon-grass oil. 

Experimental. 

The specific gravity as determined with a pycnometer, was found to be 
0.8872 at 25.5 °. The refractive index, as determined in a Pulfrich’s 
refractometei* is 1.4843 or 40° 12' at 24.5 °. The oil is laevo-rotatory, 
the optical rotation being —3.7 0 in a tube one decimeter long. The specific 
rotatory power [a] D is, therefore, —4°io , i4*' at 24.5 0 . 

Generally, Basil oils contain methyl-chavieol, which gives a blue colora¬ 
tion with ferric chloride. 1 When ferric chloride solution (neutral) was 
1 Richter's Organic Chemistry, p. 269. 
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added to an alcoholic solution of this oil no coloration was produced, 
proving the absence of this compound. When a few drops of the oil were 
shaken with a neutral solution of sodium sulfite and phenolplithalein, a 
pink coloration was produced, showing that aldehydes were present. 
From the resemblance of its odor to that of lemon-grass oil it was suspected 
to contain citral. To prove it, a drop of the oil was shaken with a solution 
of mercuric chloride in 25% sulfuric acid when a red coloration was pro¬ 
duced. The presence of this substance, as well as that of citronellal, was 
proved by preparing condensation products with pyruvic acid and / 3 -naphth- 
ylamine, separating them by fractional crystallization and determining 
their melting points. 

On adding a strong solution of iodine in potassium iodide a pasty mass 
with green lustrous scales was produced, proving the presence of cineol. 
When two drops of the oil were gently heated on a porcelain basin with one 
drop of strong hydrochloric acid and one drop of a strong solution of fcrrie 
chloride, it developed a rose color, showing that limonene is present. 
This substance was also isolated from the oil and its properties were found 
to be identical with that of a sample of limonene. 

Here it may be mentioned that whenever the oil is treated with 1 strong 
mineral acid it developed a camphor-like odor. It does not contain any 
free acid. It was found that 10% of the oil was absorbed when shaken 
with a 5% solution of caustic potash. It contains a very small 
quantity of thymol. The major portion of the oil distilled between 
205-230 0 C. 

For the estimation of citral and citronellal the method of Teimann was 
Used. 5 cc. of the oil were shaken in a Hirsclisohn flask with a solution 
of 19 g. of sodium sulfite and 7 g of sodium bicarbonate for several hours, 
and allowed to stand, after adding water to make the unabsorbed portion 
collect in the neck. The volume of this was found to be 1.25 cc., or 75% 
by volume of the oil were aldehyde s. The aqueous liquid was transferred 
to a larger flask and shaken with ether to extract the non-aldehydic con¬ 
stituents in it. The citral was liberated by the addition of a solution of 
caustic potash previously saturated with ether. A layer of ether was 
poured into the flask and the alkali solution added so that the citral was 
taken up by it as soon as liberated. The ethereal layer was taken in a 
weighed basin and the ether allowed to evaporate. From the difference 
in weight of these two we get the weight of citral and subtracting this from 
that of the total aldehydes we get the percentage of citronellal. The 
weight of citral found was 1.8 g. This is equal to 2.05 cc., or 41% by 
volume. Hence the percentage of citronellal is equal to 75-41 or 34* 

Chemical Labokatoky, 

PftftSIDSNCY COXASO*. CALCUTTA, 

India. 
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[From tbs Laboratories op Physiological Chemistry op the University op 
Illinois and op Jefferson Medical Collbgb ] 

STUDIES on WATER DRINKING. XVIII. ON THE RELATION 
BETWEEN WATER INGESTION AND THE AMMONIA, 
PHOSPHATE, CHLORIDE AND ACID 
EXCRETION. 

By D W. Wilson and P. B Hawk. 

Received June 20, 1914 

In the course of a former investigation carried out by one of us 1 it was 
demonstrated that the ingestion of water was followed by an increased 
excretion of urinary ammonia and that the extent of this increase for 
any given subject was directly proportional to the volume of water in¬ 
gested. The actual increase in the ammonia output varied, however, 
for different individuals. The relation between the water ingestion and 
the increased ammonia output as determined for the two subjects of that 
experiment was as follows. 

Subject W Subject B 

Bxpt I Bxpt II Bxpt III Exp* IV 

Copious HsO NHaJnc (cop ) Copious HtO NHilnc. ( cop ) 

Moderate HsO NHs inc (mod ) Moderate HtO NHa inc (mod ) 

i I 8i i . I 75 i 2 66 i 2 54 

The above data indicate that when the water ingestion of Subject W 
was increased from a value of i to a value of i Si that the ammonia ex¬ 
cretion simultaneously rose from a value of i to a value of i .75. In the 
case of Subject E the water and ammonia ratios were 1 . 2 66 and 1 2 54. 

The increased output of ammonia under the influence of water ingestion 
was interpreted as indicating a stimulation of gastric secretion. 

In order to make a further study of the water-ammonia relationship, 
using other subjects, the present investigation was planned. The rela¬ 
tionship of the ammonia output to the urinary chloride, phosphate and 
add excretion was also included. 

The general plan of the experiment was similar to that of other ex¬ 
periments previously reported.*' 8 Two normal young men served as 
subjects. The diet was simple in character and uniform from day to 
day. The actual daily diet as fed was as follows* 

Graham crackers 300 grams Peanut butter 45 grams 

Milk (whole) 1200 cc Water (distilled) 300 cc 

Butter... 4 75 grams 

The experiment was divided into five periods as follows* preliminary 
(3-5 days), moderate water drinking (io days), intermediate (5 days), 
copious water drinking (5 days), final (5 days). 

1 Wills and Hawk, This Journal, 36,158 (1914) 

* Mattill and Hawk, Ibid., 33, 1978 (1911) 

* Fowler and Hawk, Exp , Mod., xa, 388 (1910). 
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During the preliminary, intermediate and final periods Subject C in¬ 
gested 400 cc. water per day between meals, whereas Subject V drank 
600 cc. During the moderate water drinking period each subject took 
500 cc. water additional at each meal. Thus the total daily water inges¬ 
tion of C during this period was 2200 cc., whereas V drank 2400 cc. In 
the period of high water intake each subject drank 850 cc. water at each 
meal. This increase made the daily water ingestion of C 3250 cc., whereas 
that of V was 3450 cc. 

Ammonia and acidity were determined by Folin’s methods. The 
phosphates were determined by the uranium method, whereas chlorides 
were estimated by the Dehn-Clark procedure. 1 

Discussion. 

Chlorides and Phosphates .—The excretion of chlorides showed small 
variations. Both subjects excreted less during the water periods and 
showed a lower output with moderate than with copious water ingestion. 
The averages for the preliminary period (6.6 and 6.45 grams) indicate 
a low chloride ingestion, which may account for the small variations ob¬ 
served in the different experimental periods. With a low chloride intake 
there would be less liability of retention and flushing out of the tissues 
with the increased water ingestion. In fact the data indicate a reverse 
tendency. On the first day of each period of moderate and copious 
water ingestion there was a retention instead of a loss. This undoubtedly 
was due to the efforts of the body to maintain the normal osmotic pressure 
in its various fluids. In most cases there was a marked retention of water, 
and as distilled water was ingested, a considerable retention of inorganic 
salts was necessary. The phosphates were excreted in normal amounts 
in order to eliminate acids formed from metabolic procedures, so that the 
first source of material for maintenance of osmotic pressure would be 
the ingested chlorides. 

The most marked example of the chloride retention was in the case of 
Subject V. On the 1st day o f (he Intermediate period the chloride 
output was 8.2 g., whereas on the two following days in which copious 
volumes of water were ingested the chloride sank to 4.7 and 4 og., re¬ 
spectively, values only about 50% as great as that previously obtained. 
The intermediate period showed an increased chloride output due to the 
loss of water when the water ingestion was decreased. The use of dis¬ 
tilled water with a low ingestion of inorganic salts may easily account 
for the lack of greater variations is the chloride output than those ob¬ 
served. 

Ammonia and Acidity .—The variations in the ammonia output* as 
influenced by the ingestion of water are readily apparent from an exam¬ 
ination of the tables. Increased water ingestion was followed by an in- 
1 See Hawk's "Practical Physiological Chemistry,” fourth edition, 19*2, p. 4>7- 
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creased excretion of turinary ammonia. Subject V gave a normal ammonia 
value of 0.26 g. in the preliminary period which value was increased 
to 0.32 g. when a moderate increase in the water ingestion was made. 
The maximum ammonia value was 0.33 g. and was obtained during the 
copious water period. The ammonia data of Subject C showed greater 
variations, but with the same general tendency. The preliminary period 
gave an average ammonia excretion of 0.29 g., which underwent an in¬ 
crease of 0.37 g. during the period of moderate water intake. The aver¬ 
age of the intermediate period was slightly lower than that of the pre¬ 
liminary period (0.26 g.), but rose again upon copious water ingestion to 
0.34 g., a value which was somewhat lower than the value yielded by this 
subject upon the ingestion of moderate quantities of water. The final 
period gave a minimum average of o. 25 g. 

Subject C showed an increased excretion of acid and phosphates during 
the water drinking period with maxima during the moderate water in¬ 
gestion. Subject V showed a decreased excretion of both constituents 
in both cases. 

The increased excretion of ammonia as observed with both subjects 
and the increased excretion of acids and phosphates in the case of Subject 
C indicate to us an increased cell metabolism, causing a formation of 
acid products which are partly neutralized by ammonia formation and 
partly cause increased acid phosphates in the urine. Various experiments 
in this and other laboratories have shown increased total nitrogen excre¬ 
tion, and one of us has recently observed 1 an increased neutral sulfur 
output after ingestion of considerable quantities of water. It has been 
suggested that neutral sulfur is a product of cellular metabolism. The 
increase of total nitrogen and neutral sulfur substantiates our assump¬ 
tion that the observed increased excretion of ammonia, phosphates and 
increased urinary acidity is due to stimulated cell metabolism caused by 
ingestion of considerable quantities of water. 

4 complication which undoubtedly makes less apparent any variations 
which are produced, is the necessity of maintenance of osmotic pressure 
by the body. This calls for considerable amounts of dissolved solids 
drawn from the tissues by the distilled water ingested. f As inorganic 
salts are the most efficient means of developing osmotic pressure, as well 
as the most available, they would be most in demand and thus cause a 
retention of the constituents with which we are dealing. This retention 
undoubtedly occurs in all the water periods of the experiment and is suffi¬ 
cient in the case of Subject V to mask any tendency toward increased 
excretion of the add phosphates. The same consideration probably ex¬ 
plains why the values (NHt, acidity and phosphates) for the copious 
water periods were lower than the values for the moderate water periods* 
1 Fowler and Hawk, UnpubHthed. 
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The retention of even small volumes of distilled water by the body 
would call for a marked retention of inorganic salts For example, a re¬ 
tention of nearly 3 g. of inorganic salts, calculated as NaCl, would be 
necessary to render 300 cc of distilled water isotonic Calculated as 


Subject C 


Day 


Unne 

Volume 

Cc 

NHi 

N 

Oram* 

Acidity 

Cc Nl 10 
NaOH 

p*o» 

Grama 

Chloride. 

Grams 

NaCl 

4 


720 

Preliminary 

0 29 

252 6 

I 50 

6 78 

5 


620 

0 26 

235 4 

1 94 

6 57 

6 


015 

0 31 

300 2 

I 93 

6 57 


Average 

651 

0 29 

262 7 

I 79 

6 64 

7 


Moderate water 
995 0 38 

324 7 

1 88 

5 44 

8 


1465 

0 37 

324 4 

2 24 

6 60 

9 


1215 

0 41 

343 8 

I 99 

5 98 

10 

. 

1620 

0 36 

281 O 

2 24 

5 98 

11 


2040 

0 38 

242 9 

1 97 

6 31 

12 


2050 

0 37 

242 2 

1 97 

6 04 

13 


1800 

0 35 

265 7 

1 97 

6 31 

14 


2230 

0 34 

224 2 

x 93 

6 54 

15 


2330 

0 38 

346 0 

1 90 

7 14 

16 


1930 

0 38 

280 5 

1 9 « 

6 29 


Average 

1768 

0 37 

287 5 

2 01 

6 26 

17 


860 

Intermediate 

0 29 

2x9 6 

1 84 

6 64 

18 


675 

0 28 

289 3 

1 88 

s 92 

19 


700 

0 28 

241 8 

x 88 

5 96 

20 


770 

0 24 

200 6 

00 

00 

8 00 

21 


710 

0 19 

182 9 

1 86 

7 30 


Average 

743 

0 26 

226 8 

i 87 

6 76 

22 


Cppious water 
2900 0 33 

253 4 

2 09 

6 34 

23 


2670 

0 36 

234 5 

1 61 

5 38 

24 


3360 

0 35 

244 9 

1 97 

6 97 

23 


3210 

0 35 

255 8 

I 96 

6 61 

26 


3300 

0 32 

228 6 

x 86 

7 4 1 


Average 

3088 

0 34 

243 4 

1 90 

8 54 

27 


920 

Final 

0 23 

233 5 

1 70 

8 77 

28 


820 

0 26 

259 5 

x 75 

5 78 

29 


835 

0 26 

279 1 

1 88 

6 13 

30 


810 

0 25 

292 7 

1 94 

8 44 

31 


830 

0 25 

244 4 

1 94 

7 32 


Average 

847 

0 25 

261 8 

1 84 

8 49 
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SUBJECT V. 



Mm. 

KBi 

Acidity. 

FhOi. 

GfSUM. 


D*y. 

Volume. N. 

Ce. Grams. 

Cc. mo 

NaOH. 

Grams. 

NaCL 



Preliminary. 




a. 

,., 7 AO 

0.32 

0.27 

254-9 

219.3 

1.72 

1.95 

5.78 

8.99 

s. 

•.. 1425 

6. 

... 890 

0.31 

268.0 

1.93 

6.39 

7.-- 

... 66 S 

0.26 

265.3 

1.89 

5.64 

8. 

... 690 

0.24 

248.6 

1.84 

5-49 

Average. 

... 88a 

0.26 

251.2 

1.86 

6-45 


Moderate water. 




9. 

... 3110 

0.31 

258.9 

1-77 

5-07 

io. 

2210 

0.31 

0.34 

240.1 

245-0 

x .88 

6.06 

ii..... 

... 1620 

1.82 

5-70 

xa. 

... 1970 

0.21 

159.6 

1.02 

6-73 

is. 

... 2380 

0-33 

204.7 

1 45 

6.65 

*4. 

... 2550 

0.29 

219.4 

1.89 

6.72 

IS. 

. .. 2165 

0.38 

238.2 

1.66 

5-72 

x6.-................ 

... 2635 

0.34 

201.6 

1-43 

6.73 

*7 . 

... 2305 

0.36 

245.6 

1-47 

576 

18. 

. .. 24IO 

0.29 

216.1 

1.64 

5.98 

Average. 

... 2226 

0.32 

222.9 

1.60 

6.xi 



Intermediate. 




19. 

. . . 1230 

0 25 

20X .6 

1.56 

7.26 

30. 

... 1025 

0.26 

240.9 

1.78 

5-88 

31. 

- IOOO 

0 25 

240.4 

x.71 

6.40 

aa . 

... 1195 

0.24 

0.23 

220.9 

233-7 

1.96 

1.92 

7-23 

8.21 

23. 

... 1670 

Average. 

. . . . 1224 

0.26 

229.3 

1.79 

7.00 


Copious water. 




24. 

.... 3400 

0.35 

224.9 

X.65 

4.70 

25. 

.... 3140 

0.35 

226.0 

1-47 

4.02 

36. 

- 3600 

0.31 

307.1 

1.77 

6.9X 

27. 

.... 3860 

0.33 

199-2 

X.63 

8.38 

28. 

.... 3660 

0.33 

212.1 

1.67 

6.91 

Average. 

... 3532 

0.33 

223.8 

1.64 

6.18 



Final. 




39 .!. 

920 

0.25 

0.27 

232.2 

223-5 

X.63 

1.82 

6.12 

SO. 

.... 1240 

6.69 

Si.,. 

,... 833 

0.28 

271.7 

1.7a 

5-25 

3*. 

- - - 813 

0.23 

3 X 7.6 

1-75 

3-33 

S3... 

.... 10x0 

0.22 

308.7 

1.84 

6.89 

Average. 

.... 964 

0.25 

230.7 

1-75 

6.xo 
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phosphates, the value would be higher. A retention of double that vol¬ 
ume was indicated by variations in body weights of the subjects in the 
different periods. 

Considering the variations in the excretion and retention which would 
be caused by the variations in the water content of the body, the small 
differences which we have obtained in our experiments are much more 
significant, for our increases in ammonia, phosphate and acid output 
have been evident in spite of the tendency to retention and obscurity. 
In other experiments in this laboratory, where ordinary tap water has 
been used, the variations were much more pronounced. This was un¬ 
doubtedly favored by. the presence of salts in the water which made it 
less necessary for the body to supply the necessary material fdr develop¬ 
ment of sufficient osmotic pressure. 

It will be observed that the increase in urinary ammonia which fol¬ 
lowed the increased water intake by the subjects of these tests was not 
proportional to the volume of water ingested. This lack of relationship 
is easily explained on the basis of certain experiments now in progress 
by one of us. 1 In the tests mentioned the introduction of distilled water 
into the empty stomach causes an increased flow of gastric juice but the 
increased flow is, in some cases at least, in no way proportional to the 
volume of water introduced into the stomach. Inasmuch as we believe 
thefammonia output, under such conditions, is regulated to a large de¬ 
gree by the amount of acid entering the intestine, the non-parallelism of 
the water intake and the ammonia output may be logically explained. 

PflDajuMtijMUA. Pa. 

TFrom the Laboratories op Physiological Chemistry of the Universe r of 
Illinois and Jefferson Medical College.] 

STUDIES OK WATER DRINKING. XIX. INTESTINAL PUTRE¬ 
FACTION AS INFLUENCED BY THE INGESTION OF 
SOFTENED AND DISTILLED WATERS. 

By C. P. Shbrwik and P. B. Hawk. 

Received June 12, 1914. 

Investigations already reported by one of us 1 indicated that the drinking 
of copious (iooo cc.) or moderate (500 cc.) volumes of water with meals 
decreased intestinal putrefaction as measured by the urinary indican 
output, and that copious water drinking caused a more pronounced lessen¬ 
ing of the putrefactive processes than did the moderate water drinking. 
Softened water was employed in the experiments in question. In the 
present the influence of both distilled and softened water was 

studied. 

The investigation here repeated embraced two experiments, young men 
1 Rekhm , Bergeim and Hawk, Unpublished. 
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serving ss subjects in each instance. A general description of the sub¬ 
jects, diets, etc., used in the two experiments will be found in other con¬ 
nections. *» The indican determinations were made by Ellinger's 4 
method as modified by Maillard, 1 The former method has already been 
given in another connection. 1 The modification consists in washing the 
chloroform extract with an equal volume of 0.1% sodium hydroxide and 
removing the adherent alkali by careful washing with distilled water. 
Prom this point thejEHinger procedure is followed. The ethereal sulfates 
were determined by Folin’s procedure. 

Experimental. 

First Experiment .—This experiment was divided into three periods, a 
preliminary*period of three days, a water period of five days, and a final 
period of two days. A uniform diet was ingested throughout the study, 
with the exception that the water ingestion of each day of the water period 
was increased by three liters, taken at meal time, one liter with each meal. 
The water was a freshly softened water. Data from this experiment are 
given in Table? I. 

Table I. KUnOt 

eoln. wed 


Day. 


KMnO« folxu to titrate 
in titrating the entire 

40 cc. of the urine 

Urine, clarified sample, volume. 

Cc. Cc. Cc. 

output 

V 

I.. 


Preliminary Period (3 Days). 

135-3 

35-6 

2.. 



168.5 

44-1 

3-. 



107.8 

28.4 


Average. 

. 877 5.70 

137-2 

36.0 

4- 


Water Period (5 Days). 

112.8 

29 7 

5- 



125-8 

33 1 

6. 



96.8 

25.4 

7. 



99 9 

26.3 

8. 



104.2 

27.4 


Average. 

. 37*8 3 *8 

107.9 

28.3 

9*. 


Final Period (2 Days). 

290.9 

76.5 

10.. 


. as, 9.83 

2376 

62.5 


Average. 


264.2 

69 5 


An examination of the last column in Table I will serve to show that 
the average output of indican for the preliminary period was 36.0 mg. per 
day. During the five-day interval of high water ingestion this value was 
reduced to a daily average of 28.3 mg. It is evident, therefore, that the 
drinking of one liter of softened water with each mdal for a period of five 
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days caused a lessening of the processes of intestinal putrefaction as 
measured by tbe urinary indican excretion. 

Second Experiment.—This experiment was divided into five periods, a 
preliminary period of 6-8 days, a moderate water period of ten days, an 


Table II.—Indican and Ethereal Sulfates. 
Subject C. 


Day 

Cc 

Specific 

Ethereal 

sulphates 

Indican 

SO* 

of exp. 

urine. 

gravity. 

Mg. 

Indican—SO*. 

5 . 

Preliminary Period. 

153-8 

27.2 

17.73 

6. 

. 615 

I 033 

153-8 

23-4 

20.62 

Average. 

. 618 

1-033 

153.8 

25-3 

1917 

i. 

Moderate Water Period. 
. 995 1019 

24-3 

20.2 

3.78 

2. 

. 1465 

1.014 

16.9 

24-4 

2.18 

3 . 

. 1213 

1.015 

98.1 

31.2 

986 

4 . 


1.012 

142 .6 

15-4 

29.16 

5 . 


I .OIO 

172 .6 

•8.1 

1924 

6 . 


1.009 

108.9 

9-2 

37-04 

7 . 


I .Oil 

137 5 

5-3 

80.99 

8. 


I .OIO 

78.0 

29.6 

8.29 

9 . 

. 2330 

1.009 

171.6 

22.2 

24.20 

IO. 

. 1930 

I .OIO 

206.0 

27-9 

23-17 

Average. 

. 1767 

1.012 

1x5.6 

21.3 

23-79 

i. 

Intermediate 

Period. 

1.023 

170.9 

22.3 

24.04 

2. 

. 675 

1.038 

130.1 

27-3 

14 97 

3 . 

. 700 

1 -030 

76.9 

26.6 

9-07 

4 . 

. 770 

1.028 

69.8 

16.x 

1356 

5 . 

. 7io 

x .027 

118.5 

13.8 

26.96 

Average. 

. 743 

1.029 

113.2 

21.2 

1772 

i. 

Copious Water Period. 

128.0 

* 4-9 

26.99 

2. 


1.007 

155-7 

13-8 

35-34 

3 . 

. 3360 

1.007 

174 - 9 ' 

16.8 

32.71 

4 . 


1.007 

154.0 

15-3 

31.64 

3 . 

. 33 oo 

1.006 

152.8 

16.8 

28.53 

Average. 

. 3088 

1.007 

153.x 

15-5 

3104 

i. 

Final Period. 

219.2 

20.6 

33 37 

2. 


x .024 

183.8 

24.6 

23.45 

3 . 

. 833 

1.024 

209.6 

30.1 

21.85 

4 . 


x .026 

132.2 

24.6 

16.89 

*. 


1.026 

139-9 

22.2 

1974 

Average. 

. 847 

1.025 

176.9 

24.6 

25.06 
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intermediate period of five days, a copious water period of five days and 
a final period of five days. Two subjects were employed* and the water 
used was distilled water. A uniform diet was fed and was supplemented 
by an increase of 500 cc. in the water ingestion of each meal of the moderate 
. Table III.— Indican and Etheeeal Sulfates. 


Day 


Subject V. 

Cc. 

Specific 

Ethereal 

naHataa 

Isdlcan. 

SO. 

of exp. 


arise. 

gravity. 

Mg. 

Mg. 

Isdlcan—SO.. 

7 . 


Preliminary Period. 


64.7 


6. 



1.029 


797 


Average. . 


. 677 

I.029 


72.2 

... 

1. 


Moderate Water Period. 

91 .2 

60.6 

474 

2. 



1.009 

81.5 

62.2 

4-*2 

3 . 



I .012 

II 2 .I 

537 

6.56 

4 . 


. 1970 

1.008 

221 .4 

70.8 

9.82 

5.a... 



X .008 

II8.5 

89.6 

4.14 

6. 


. * 55 ° 

1.008 

235 5 

83.I 

8.88 

7 . 

. ... 


1.008 

247-8 

90.6 

8-57 

8. 

— 

. *635 

1.007 

X21.1 

90.3 

421 

9 . 



X.OIO 

182.0 

893 

6.40 

10. 



1.007 

200.0 

936 

6.72 

Average. 


. ™54 

1.009 

154-4 

79-2 

6.04 

1. 


Intermediate Period. 

66.8 

71.5 

2.92 

a. 


. 1025 

I .020 

135-0 

81.3 

3.21 

3 . 



1 .020 

227.3 

78.9 

9.04 

4 . 


. ii 95 

I .017 

179.1 

81.6 

6.90 

5 . 



I .015 

180.1 

736 

7.69 

Average. 


. 1224 

I .018 

157-7 

774 

6.35 

1. 


Copious Water Period. 

322.2 

68.5 

*475 

a. 


. 3140 

X.005 

1x0.7 

74.0 

4 68 ' 

3 . 


. 3600 

x .006 

211.1 

60.8 

10.89 

4 * • • • •. 



x .006 

165.x 

76.9 

6.75 

s. 



x .006 

184.3 

64.7 

8.95 

Average..?. 


. 3532 

I .006 

198.7 

64.9 

9.20 

1. 


Final Period. 

207.9 

99 X 

6.39 

2. 



x .017 

203.8 

99.8 

6.40 

3 .■ 


. 835 

I .024 

15*.5 

95 3 

499 

4 . 


.:.... 815 

X .022 

* 70.9 

845 

6.34 




1.020 

1*6.0 

8*.o 

«.<Ti 

Average. 


. 964 

X.02X 

178.0 

92.7 

6 .ot 




































STUDIES ON WATER DRINKING. XIX. 1 783 

water period and an increase of 850 cc. in the water ingestion of each 
meal of the copious water period. 

The data from this experiment are given in Tables II and III. From 
an examination of Table II it will l>e seen that subject C excreted 25.3 mg. 
of indican per day during the preliminary period. The ingestion of a 
moderate volume (500 cc.) of water at each meal reduced this indican 
value slightly (21.3 mg.), whereas the ingestion of a larger volume of water 
(850 cc.) at each meal caused a more pronounced drop in the indican 
value, as is shown by an average daily output of 15.5 mg. for the copious 
water period. An examination of Table III will show that the minimum 
indican value for subject V was also secured during the period of high 
water ingestion. In each instance the water evidently caused a decrease 
in the putrefactive processes. 

It is interesting that, coincidently with the most pronounced decrease 
in the excretion of indican, i. c., during the period of copious water intake, 
there was a correspondingly pronounced increase in the ethereal sulfate 
output. This failure of the indican and total ethereal sulfate values to 
run parallel has been previously discussed by ourselveS 1 ’ 7 and others. 6 
vSuch observations furnish strong evidence in favor of the current belief 
that indican has a different origin from the other ethereal sulf ne. 

Discussion. 

The data herewith submitted indicate that the ingestion of water, 
either distilled or softened, is accompanied by a decrease in the processes 
of intestinal putrefaction. The examination of the .stools from these 
same subjects has shown that the output of fecal bacteria was also de¬ 
creased during the periods of high water intake. 2 ’ 3 The logical conclusion, 
therefore, would appear to be as follows: The ingestion of the large 
volume of water stimulated the flow of a gastric juice of increased acid¬ 
ity. 8 * •> 10 The acid chyme upon its entrance into the intestine inhibited 
the activity of the indole-forming bacteria thus causing a decreased out¬ 
put of indol and consequently a decreased indican excretion. The fact 
that a high water intake is accompanied by better digestion and absorption 
of the ingested protein 2 , 11 would cause the protein residues in the intestine 
to be lessened in amount, thus reducing the quantity of material available 
for the growth and development of the bacteria in question. Hence the 
lowering of the putrefactive processes would naturally be accompanied 
by a decrease in the development of the intestinal flora and a consequent 
drop in the fecal bacteria values. 

So far as the data from the present investigation are concerned, it is 
evident that distilled and softened water are equally efficient in causing 
a decrease in the processes of intestinal putrefaction. 

Many objections have been raised against the practice of drinking 
dtfjjlfed water. Most of these objections we believe to have but slight 
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foundation in fact. According to Findlay 18 the ingestion of distilled water 
is followed by the swelling of the surface layers of the epithelium of the 
stomach, due to the passage of water into the cells because of the difference 
in osmotic pressure. The cells finally die, are cast off and catarrh of the 
stomach may result. Koeppe 18 and Harlow 14 have expressed somewhat 
similar ideas, whereas Nocht 16 and Winkler 16 cite instances showing pro¬ 
longed drinking of distilled water to have been unaccompanied by any 
serious consequences. Recently, Oehler 17 claims to have produced hemo¬ 
globinuria in white mice by the introduction of distilled water into the 
stomach. We are rather skeptical as to the possibility of producing 
hemoglobinuria in any such manner. That hemoglobinuria will follow 
the introduction of distilled water into the circulation is well known. It 
is, however, rather surprising that the introduction of distilled water into 
the stoihach should cause such a phenomenon. As soon as distilled water 
reaches the stomach it ceases to be distilled water, due to the fact that it 
at once takes unto itself various electrolytes which are present in the food 
and digestive juices. 

We have shown that even the prolonged ingestion of large volumes of 
distilled water over a long period of time was not accompanied by the pro¬ 
duction of any observable catarrhal affection of the gastric mucosa. This 
observation was made in connection with a fasting dog which received 
700 cc. of distilled water daily for a period of 104 days. 18 No evidences 
of catarrh of the stomach were apparent. Certainly, if distilled water 
was able to produce this type of disorder, here was an excellent oppor¬ 
tunity. There was no food ingested for 104 days and consequently no 
electrolytes from this source to lessen the harmful (?) influence of dis¬ 
tilled water to which various authors have referred. 

Conclusions. 

Both softened and distilled water when taken with meals in volumes 
ranging from 500 cc. to 1000 cc. have a tendency to cause a decrease in the 
putrefactive processes in the intestine as indicated by the urinary indican 
excretion. 

The non-parallelism of the indican and total ethereal sulfate elimination 
was again observed. 
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A PIPETTOMETER. 

By W D Fhost 
R eceived June 16 1914 

Tht pipettometer is a new piece of apparatus for measuring out precise 
amounts oi fluids without the use of graduated pipets It was originally 
intended foi work m the bacteriological laboratory but will, no doubt, 
be found of interest to those working in other laboratories such as those of 
chemistry, physics and medicine 

It consists essentially of an upright graduated glass tube with an upper 
side arm to which, b} means of a piece of rubbei tubing ungraduated 
glass pipets may be readily attached At the lower end of this graduated 
tube, another tube is attached by means of a flexible rubber joint This 
tube has a bulb at the outer end and is so arranged that the bulb end can 
be readily raised or lowered The upright tube and this movable arm with 
bulb are partially filled with mercury The whole apparatus is supported 
on a wooden or metal frame which is so attached to a ring stand that its 
height can be varied By moving the bulb up or down, the height of 
mercury column m the graduated upright can lie raised or lowertd When 
the mercury is lowered in this tube, the pipet draws up the fluid into 
which its tip is immersed and when it is raised the fluid is forced out 
The amount of fluid taken up or discharged is measurtd by reading the 
position of the mercury in the graduated upright 

The details of the construction and the use of the pipettometer can best 
be understood by reference to the accompanying figure 

A is the wooden dr metal support with its short arm on the top and left 6, 
while B is the longer arm on the right, hinged at the bottom The whole 
is supported on a ring stand, D , to which it is held by the screw clamps ff 
Mounted on this frame is the bent glass tube abed, with a flexible joint 
at c and a bulb at d 

When the arm B is moved up to position I, the mercury stands at i o, 
and when it is lowered to II the mercury stands at o A graduated pipet, 
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g, is attached at a and the am B ^is raised to I. A vessel containing the 
fluid to be drawn into it is brought to the point of the pipet and the arm 

B is lowered to II. In 
this way, the fluid is 
drawn into the pipet g. 
It can then be discharged 
in whole or in part by 
slowly raising the arm B. 
The amount discharged 
is indicated on the scale. 

The graduations on the 
scale must be carefully 
made. This can be done 
by drawing water into g 
and then discharging it 
and weighing it on a fine 
balance. In this way 
the 0.5 and 1 ec. points 
A can be determined. It 
will be accurate enough 
for ordinary work to 
mark off the intervening 
points. At first thought 
it might be supposed that 
all that it would be neces¬ 
sary to do would be to 
put a carefully graduated 
pipet in the system between b and c but a little reflection will 
show that this would not be accurate, because the weight of the 
fluid in the pipet rarefies the column of air between the fluid in 
the pipet and of the column of mercury, so that not quite the proper 
amount of fluid is taken up. When, however, the graduations are once 
obtained, it is then possible to measure any fluid very accurately if it 
has practically the same specific gravity as the fluid used to make the 
graduations. 

The apparatus was originally made to handle 1 cc. lots and it was found 
that, with a little practice, measured quantities could be handled as quickly 
and accurately as with graduated pipets. 

The tube be can be replaced by a very small tube, in which case hun- 
dreths of a cubic centimeter can be easily measured. Or it can be re¬ 
placed by tubes of greater capacity which arrangement makes it con¬ 
venient for measuring amounts of 10 cc. or more. 
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It can be used for handling poisonous or infectious material with great 
satisfaction, and can, furthermore, be readily used to calibrate pipets. 

Madison, Wis. 

[Contribution from the Wolc6tt-Gibbs Mkmortau Laboratory of Harvard 

University. 1 

AN ADVANTAGEOUS FORM OF STILL FOR THE EXACT 
MEASUREMENT OF BOILING POINT DURING 
FRACTIONAL DISTILLATION. 

By 2'hkodoric W. Richards and Frkdkkick Barry 
Received June 8, 1914 

In the course of a recent investigation on the heats of combustion of 
liquid hydrocarbons, it was needful to prepare certain of these substances 
in a very high degree of purity, and at the same time in considerable 
quantity. For this work it was necessary to determine exact boiling 
points, and an advantageous form of still was devised, which proved 
itself, especially in this respect, more efficient than any of the apparatus 
now in common use. This still, because of its simplicity and usefulness, 
and because it does not appear to have been proposed before, seems to 
the authors to merit separate brief description. 

In the accompanying drawing, two forms of the instrument are shown. 
Pig. 1 represents the type first constructed: of this the other is a simple 
modification. A glance will show the immediate purpose &{ the device. 
The still was designed to hold a sensitive Beckmann thermometer, so 
that very small fluctuations in the boiling point of the liquid under ex¬ 
amination could be accurately observed, and the boiling point of the 
.purest distillate precisely determined by a comparison with a standard 
vapor of neighboring known boiling point. The still not only served 
this purpose admirably, but proved itself (as had been expected) a very 
effective instrument for fractionation, without being further modified. 

It consists essentially of a flask, of any desired capacity within prac¬ 
ticable limits, to which a side tube is attached, the latter being held parallel 
to the neck of the flask, and connected with it, by two smaller tubes at 
the top and bottom. The upper of these (which serves to carry the out¬ 
going vapor) communicates directly with the upper end of the flask- 
neck; while the lower tube, which serves to return the prematurely con¬ 
densed liquid to the flask, is a constricted continuation of the side tube 
itself, and is bent into a shallow U, fused into the flask-neck a few centi¬ 
meters above the bulb. The relative positions and sizes of these tubes 
are shown in the drawing (Fig. 1). The lower connecting U-tube should 
be very narrow in diameter, and bent in such a way that the orifice at 
the flask-neck is not much more than the tube’s diameter above its lowest 
point, so as to minimize the amount of dead space which can hold and 
thereby waste the liquid being distilled. 
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The vertical side tube is left open at the top, where it is constricted 
to such a diameter that it will receive and hold closely the shell of the 
Beckmann thermometer at a point near the zero mark. No cork should 
be used; the thermometer may easily be made to fit without grinding 



Fig I. Fig. 2. 


closely enough tg prevent the escape of vapor, for a liquid seal will collect 
in the annular space at this point. If necessary, a packing of clean as¬ 
bestos fiber will make the closure secure. With hygroscopic liquids, 
of course, the thermometer must be fitted into place with a ground joint. 
The delivery tube should be wide, and should be bent upward at the 
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point where it leaves the side tube, so as to cause condensed liquid from 
the bulb of the thermometer, or from the walls, to flow back into the 
flask, and not mto the condenser. A mirror of tmfoil to prevent radiation 
may advantageously be bound around the side tube so as to surround 
the thermometer bulb, and the whole of this tube as well as the upper 
connecting tube should be encased in a thick shell of asbestos 

When liquid is boiled in this apparatus, there is, of course, an almost 
complete reflux condensation until the tubes reach the temperature of 
ebullition In full operation, the distillation should be not rapid, but 
very steady All that condenses before the delivery tube is reached re¬ 
turns to the flask through the narrow lower connecting tube, and only 
that part which still remains as vapor after the long journey passes out 
mto the condenser No stream of superheated vapor can rise around 
the thermometer, nor direct spatterings from the liquid impinge upon 
it When the tubes arc well insulated thermal ty, the irregular motions 
imparted to the vapot -stream by the shape of the tubes seem to be sufficient 
to rendei the vapor thermally homogeneous when it reaches the ther 
mometer bulb Here the presence of both vapor and liquid 111 approxi 
mate equilibrium enables the temperature at the moment of egress into 
the condenser to be accurately determined 

The essential feature of the apparatus is the fact that in it the whole 
uncertain stem of the thermometer, practically up to the zero of the 
Beckmann scale, is kept really at the temperature of the vapor The 
importance of this precaution in determining any exact temperature with 
the Beckmann thermometer can hardly be overestimated The degree 
of uncertainty introduced by a merely partial heating of the lower tube 
of this instrument may be very great Moreover, the bulb of the ther¬ 
mometer is exactly opposite the exit tube mto the condenser, so that the 
thermometer indicates the true temperature of the vapor which is actually 
being condensed, as nearly as possible In these respects it is very different 
from the Claisen form. 

Another modification of the same type of still is seen m Fig 2 This 
is intended for use with small Anschutz thermometers, it is like the first 
modification except for the addition of a hooked glass stopper to the 
side tube, and the inserting of mica windows into the asbestos shell around 
this tube When liquids are to be distilled which leave much insoluble 
residue, another stopper on the neck of the flask itself facilitates cleaning, 
but this is not necessary Electric heating by an immersed platinum 
coil 1 is practicable, and with non-conducting liquids advantageous The 
use of platinum scrap, fragments of porcelain, or the like to introduce the 
gaseous phase into the body of the liquid is, of course, advisable, but 
1 See Richard* and Mathews, Proc Am Acad , 43, 2x (1908), also Beckmann 
Z phystk Chem , 64, 506 (1908) 
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except in order to prevent violent bumping, such precautions are less 
necessary than with the simple boiling flask. In our work the flask was 
usually heated with the naked flame, which gives les 9 trouble from super¬ 
heating than a more evenly distributed source of heat of lower tempera¬ 
ture. 

To prevent irregular cooling from the outside, especially when high 
boiling liquids were being distilled, the whole still, together with the burner 
beneath, was enclosed in a cylindrical asbestos box, or air-bath, through 
which only the outlet tube and the stem of the thermometer protruded. 
By proper manipulation of the flame, or with the help of a second lamp, 
the whole system could be kept at a sufficient constant temperature, 
while through a mica window in the protecting jacket the boiling liquid 
could be watched. 

An example of the progress of a typical case will show the efficiency 
of the apparatus. Five hundred cubic centimeters of a good commercial 
toluene were fractionated, six fractions being collected in each distillation 
and each of these fractions distributed into six others in the following. 
After six such complete distillations, the final product, 130 cc. in volume, 
redistilled within an interval of 0.02 °, although the original range of 
boiling point was at least fifty times as great. Two more fractionations 
of a half of this material yielded 40 cc. of a product which distilled within 
dvrange of less than 0.01 0 under barometric pressure constant during the 
time of distillation; and very nearly all of this purer material redistilled 
over* the same range. By immediate immersion of the warm, 1 dry bulb 
of th^ standardized Beckmann thermometer (which had a range of 20 °) 
into aj carefully regulated steam bath, the difference between the two 
boiling' points of toluene and water was thus measured, and the boiling 
point of the toluene determined to within 0.01 °. 

Although no claim is made that this sort of still is more efficient than 
some of the other forms, it is seen to possess advantages with regard to 
exact thermometry not possessed by any other usual form. Moreover, 
stills of this type will be found to be not only sufficiently effective in opera¬ 
tion (as$ is evidenced by the data just quoted), but also convenient in use. 
They are uncomplicated in design, and are, therefore, inexpensive. They 
are not cumbersome, and are easy to handle. If properly made they are 
by no means fragile, and will not crack at the joints if they are gradually 
heated with ordinary precaution, and if no cold liquid is put into them 
while they are h‘ot. Made of Jena glass, they are very resistant to fracture 
by irregular heating, made of silica, they can be used at high tempera¬ 
tures still more safely; and they may be used with resistance thermometers 
if desired. They.may easily be cleaned and are much more practicable 
1 The thermometer was allowed to fall just below ioo° so that the boiling point 
of water should be read on a rising thread 
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than some of the more complicated still heads. Distillations from this 
apparatus are also accompanied by little loss, because the surface of con¬ 
densation is small, and the liquid retained by the U-tube may be reduced 
to a very slight amount by constricting its diameter. But the most 
important object of the apparatus, as already stated, is the exact determina¬ 
tion of the boiling point of the actual distillate. 

Cambudos, Mass, 


NEW BOOKS. 

Laboratory Experiments in General Chemistry. Designed especially for use with 
Stoddard’s Introduction to General Chemistry 22 pp. Northampton, Mass.: 
Gazette Printing Co., 19x3. Price, 30 cents. 

This collection includes 159 experiments, about two-thirds being de¬ 
voted to the nonmetallic elements. These are followed by a brief treat¬ 
ment of the metals, including simple directions for their identification. 
The last eight experiments are quantitative. All of the experiments are 
well selected and the directions to the student are brief, even meagre. 
Some modification of the order is desirable, but this is easily accomplished 
since the loose-leaf plan is employed. The collection is well suited for 
use in the smaller laboratories. B. S. Hopkins. 

Handbuch der Mineralchemie, Vol. II, No. 5 (Bogen 41-53) with Titelbogen. Dobltbr, 
et al. Dresden and Leipzig : Theodor Sfceinkopff. Price, M. 9.10. 

Mineralochemie in the modern sense is only just emerging from min¬ 
eralogy, and that only at certain points. The mass of our knowledge 
pertaining to minerals is still practically unchanged in form since a much 
earlier day. The present volume is peculiarly arid in that it deals with 
matter which has been practically untouched by modem ideas. There 
are a few hydrous silicates, the role of water in which has been experiment¬ 
ally studied, and there are some synthetic data on the silicates of Copper, 
lead, and zinc, but they are mostly of a fragmentary sort, made without 
much regard for physical conditions or chemical relations. A great many 
pages are devoted to jade and nephrite; there are long tables of analyses 
and many physical constants, the latter probably determined not infre¬ 
quently, as was the habit of the earlier physicists, on material of unknown 
composition; but of mineral chemistry there is practically none. How¬ 
ever, the editors should not be blamed for omitting what does not as yet 
exist. . E. T. Allen. 

Prtkfikum der Wuseruntenuchutig. By Prof. Dr. O. Emmrrung. Gebriider Bom- 
traeger, Berlin, 1914. Price, 7 mk., 20 pfg. 

This little book of approximately 200 pages covers the entire field of 
chemical, biological, microscopical, and bacteriological water examination, 
in a very clear and concise manner. The “chemical examination" in- 



dudes also determinations of electric conductivity, gas analysis and bio¬ 
logical oxygen consumption. One chapter is devoted to the examination 
of mineral water and the determination of the radioactivity. The chapter 
on the examination of sewages deals with the determinations of oxygen, 
hydrogen sulfide and iron sulfide, putrescibility, phosphoric add, organic 
carbon, the nitrogenous constituents, etc. The most important impurities 
in trade wastes are thoroughly discussed, and methods for the determina¬ 
tion of some of the impurities given. The biological-microscopical part 
of the book is excellently treated, and represents the latest views of the 
German school. The Germans have devdoped this field in a manner 
hardly appreciated by the majority of the American water and sewage 
chemists. This part of the book in particular is profusely illustrated. 
The illustrations are of a high order and are present in suffident numbers 
to fulfill the needs of the routine water and sewage chemist. The organ¬ 
isms are divided into three dasses, representing the different stages of 
self-purification. The organisms characteristic of each stage are enumer¬ 
ated. The German method of collection and enumeration of plankton is 
likewise given. The last chapter deals with the routine bacterial examina¬ 
tion of waters and the preparation of media. A short interpretation of 
the results obtained by the chemical analysis and a discussion of the 
German laws dealing with the sanitary qualities of the water and the pre¬ 
vention of stream pollution are appended. Arthur Ledbrbr. 
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THE ELECTRO-TITRAMETRIC METHOD AND ITS APPLICA¬ 
TION TO GENERAL ANALYTICAL CHEMISTRY. 

By F H Hessblinx van Suchtslsn and Arao Itano 
Received June 23, 1914 

Since the time of the first use of the empirical normal solutions of Gay- 
Lussac and the introduction of present normal solution of Ure, volu¬ 
metric analysis has never received such a strong impulse as that through 
the application of physical chemistry. This is especially true for the volu¬ 
metric determinations of adds and bases, in so far as the nature of neu¬ 
tralization is now dearly understood. Our knowledge of the role which 
indicators may play in neutralization has been increased in recent years 
very markedly by the introduction of the dissodation theory. We do 
not consider that this is the place to go into a discussion of indicators, 
but it will suffice to say here that with the knowledge of the necessary 
facts, espedally of dissociation constants, we may occasionally predict 
* whether an indicator is applicable in a spedal case or not. 

In spite of the fact that in recent times the theoretical knowledge of 
the color indicators has been considerably increased, and here and there 
practical applications drawn from those prindples have been made, 
there are still, as every analytical chemist knows, many embarrassing 
and unmanageable difficulties to contend with. 

We can only touch upon a few of those difficulties. For instance, the 
personal equation which can cause an error of i cc. in a o.oi N solution, 
and further the difficulty encountered with a liquid which possesses a 
color that may interfere with the recognition of the indicator, and those 
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complications which may arise in the case of very dilute solutions. These 
are only a few of the reasons why the application of indicators in the 
general analytical field of chemistry is rather limited. It is therefore not 
unexpected that attempts have been made to overcome these difficulties 
by the introduction of another type of indicators which are dependent 
on and indicative of the physico-chemical changes in the solution. 

W. Bottger 1 some years ago, in the case of colored or turbid solutions 
in which the change of color of an indicator would be more or less masked, 
recommended the use of the electrometer. It must be said, however, 
that determinations with this instrument are more laborious and that 
such measurements are less familiar to chemists than the determination 
of conductivity. It is the merit of Kiister 2 and his associates to have 
shown that such titrations, which cause great difficulty and uncertainty, 
could be made with a high degree of accuracy if, instead of depending 
on the change of color, use was made of the change of physical-chemical 
property (electrical conductivity) of the liquid by the process of neutral¬ 
ization. We may conclude from their work that the point of neutrality 
between strong acids and bases can be determined much more exactly 
by conductivity methods than by the use of indicators. Also, if weak 
acids were used, as for example tartaric and acetic acids, which, as iswell 
known, have caused so many difficulties by the ordinary titration method, 
sharp and good results were obtained by the use of the conductivity 
method. The point of neutralization of red wine by means of the con¬ 
ductivity determination was much more definite than if determined by 
titration with litmus. The attempt was also made by them to titrate 
four quinine derivatives by the electro-conductivity method with good 
success. Further, Duboux and Dutolt 8 have used this conductivity 
titration in many of their special researches in wine analysis. From their 
interesting work, which treats especially the organic acids in wine, we may 
say that the conductivity titration has proved here also to be a very 
successful and helpful aid in chemical analysis. 

The preparation of exact ammonium citrate solution, which previously 
gave rise to difficulties, has been solved by the application of the above 
mentioned method by Hall and Bell, 4 who showed by this method an ex¬ 
actly neutral solution of ammonium citrate was easily prepared. 

In our analysis of soil solutions, 6 we had already used the method of 
titration by conductivity in determining the acid and basic binding capacity 
of such solutions. We feel that it would be superfluous here to go into 

1 W. Bdttger, Z. physik. Chem., 24, 253-301 (1897). 

1 F. W. Kiister, M. Gruters, and W. Geibel, Z . anorg. Chem., 42, 225-34 (1904). 

* P Dutoit and M. Duboux, J. suits* de Chim. et pharm ., 1908, p. 690. 

4 J . Jnd. Eng. Chem., 3, 559 (1911). 

1 F. H. Hesaelink van Suchtelen and A. Ita.no, $ 2 nd Ann . Rept. Mich . Board of Agr., 
p. 149 (1913). 
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the fu nd a me ntal principles underlying this method of analysis, since they 
may be considered to be the common property of the analytical and 
biological chemists; and there is no lack of excellent manuals dealing 
with the practical phases of measurements of electrical conductivity. 
We will, therefore, confine ourselves to a brief summary of results and 
call attention to precautions necessary in carrying out our technique. 

It must be said that in the execution of such conductivity titrations, 
certain precautions have to be followed. These will be treated very briefl} 
because such rules can be deduced easily from the theoretical basis of the 
applied method and from hydrolysis. 

It is quite evident that in most of our experiments a determination 
of the cell constants did not need to be considered, because it was only 
necessary to have the relative bridge readings. An exception, however, 
was made in the case of physiological liquids, such as urine and milk, 
because such detenninations of specific conductance may be of special 
clinical value. 

Because of the fact that electrical resistance varies greatly with temper¬ 
ature, greatest care must be taken that the solutions are not subjected to 
changes of temperature at the time of titration. In our case, the conduc¬ 
tivity cup (filled with vertical electrodes) stood deep in a large 75-liter 
water bath, and throughout the time of titration the cup remained in the 
liquid. The cup was agitated by gentle shaking in order to facilitate 
rapid intermixture. 

To relieve the operator of the tedium and strain of acute listening 
through the telephone receiver, we have substituted in many of our ex¬ 
periments, especially where dilute solutions were employed or a high 
degree of accuracy was required, an alternating current galvanometer 
which permitted far sharper determinations to be made. The use of such 
a galvanometer is advisable, but not essential. 

To those familiar with this field of work, this short introduction does 
not claim to disclose any new point of view, nor, for those not so well 
versed in these subjects in question, do we attempt an exhaustive pre¬ 
sentation of the fundamental supporting theory. 

We will now proceed to consider the individual curves, and there, 
as the case may arise, enlarge upon certain features necessary to an under¬ 
standing of the subject. We deem it advisable to start with the most 
simple case in our analysis, namely, the titration of acids and bases, be¬ 
cause they may be considered as the basis of our work. 

In the preceding paragraphs we have discussed some of the typical features 
and peculiarities of this special conductivity titration. Let us turn now to 
a comparison of the accuracy of this method with that of a color in¬ 
dicator. We see at once that the values for neutrality, as obtained by 
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puffM of phenolphthalein, are all without exception more alkaline than 
those determined from the conductivity titrations. 

The question now arises, “Which method gives the neutral point with 
greater accuracy?" In deciding this question, use was made of the indi¬ 
cator table so thoroughly worked out by Sdren9en. It was easily demon¬ 
strated that by the use of an appropriate indicator with a sharp color 
change at the neutral point, results were obtained which agreed with 
the conductivity titration. Besides this, it is a well-known fact that the 
neutral point of phenolphthalein is decidedly alkaline. 

It must be noted here that of the above curves, only one (No. 1) was 
m ade by an experimenter who was familiar with conductivity titrations. 
The others were all worked out by men performing the experiment for 
the first time. This fact leads to an important feature of the conduc¬ 
tivity titration; namely, that the influence of the subjective factor which 
necessarily enters into every chemical analysis is here minimal. This 
fact will be borne out by a consideration of the above curve. 



Neutralisation offstrong add by strong base. 
In cup 10 cc 0 001 N R*SO« 

Titrated with 0 01 N NaOH 


Readings 



No I 

No II 

Na III 

0 

615 0 

533 7 

447 5 

0 5 

492 5 

417 6 

345 0 

2 0 

447 5 

387 5 

342 0 

3 0 

590 0 

*477 0 

443 0 


Theoretically, 0 1 cc 
Round. 0 1 cc 



Neutralisation of 5 cc 0 001 N HaSO« 
with 0 01 N NaOH 



Readings. 

Occ 

457 5 

0.4 cc 

267 5 

1 0 cc 

350 0 

2 0 cc . . 

544 7 

Theoretically, 0 5 cc 
Round, 0 5 cc 



Fig 1 Rig 2. 

It should be added that many of these curves were made without the 
use of a galvanometer. It is evident that the use of this instrument will 
still further minimize the influence of the personal equation. The sig¬ 
nificance of this elimination is emphasized, on the contrary, by a glance 
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at the varying results obtained by different experimenters using phenol* 
phthalein—an indicator noted for the sharpness of its color change. 

As may be seen from the giaphs, it is an a pnort fact m conductivity 
titrations that they are not characterized, as are the color indicator titra¬ 
tions, by a total dependence on one single point at which the color changes. 
The conductivity titration, on the contrary, is typified by lines, each line 
being fixed and determined by a series of points, the number of which 
is under the control of the experimenter. We consider this to be an im¬ 
portant advantage over the color indicator method, for many interesting 
deductions can be drawn from such curves. 


In regard to the point of inflection, we may say that it is sharply defined 
and determinable with exceedmg precision. As an illustration of this, 
the following graph may serve In this case o ooi N 5 cc II2SO4 were 
titrated with o 01 N NaOH. Even m this concentration, the result 
was satisfactory. 


In the following experiment 
the electro-titrametric method 
was employed for the titration 
of a weak acid (lactic acid) with 



Neutralisation of a weak add (lactic add) by 
0 1 N NaOH 

In cup 5 cc 0 1 AT NaOH f(and phenol* 
phthalein) 

Titrated with 0 5 N CiHsO* 



Readings 

0 

457 5 

05 

335 5 

1 5 

220 0 

20 

227 5 

30 

245 0 


Theoretically, 1 cc 
Found, 1 cc 

Turning point phenolphthalein, 1 07 



Determination of malic, tartaric and succinic 
acids 

In cup 5 cc 0 1 AT tartaric 
5 ct 0 1 N succinic 
10 cc 0 1 N nfalic 

Titrated with 0 5 N barium acetate 


and 40 cc 93% 
alcohol 

0 2 cc 28% 
NH 4 OH 


Readings No 1 Readings No 2 


0 cc 

373 

0 cc 

377 5 

1 cc 

380 

2 cc 

401 5 

2 cc 

385 

4 cc 

432 9 

3 cc 

390 

5 cc 

448 0 

5 cc 

415 

Total 

adds—suc- 

6 cc 

435 

cimc 

as No 1 

Total adds 


plus 

1 cc 36% 


acetic acid 


Fig 3 


Fig 4 
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a strong base (NaOH)~~a titration which had hitherto been attended 
with many difficulties. 

The amount of lactic add was determined by the formation of its zinc 
salt, and, in accordance with this, a normal solution was prepared (theo¬ 
retical inflection point, i cc.; found, i ec.). Here again, as in the experi¬ 
ments described in the foregoing, the eleetro-titrametric method proved 
to be of espeda! value, because of the high degree of precision with which 
the neutralization point was obtained. It is to be noted here that the 
titration in'this case was performed in the reverse of the usual manner; 
i. the NaOH was placed in the conductivity cup and the acid was added 
to it from the buret. The reason for this procedure is at once evident 
and requires no comment. 

The graph (Fig. 4) is an illustration of the determination of various 
organic acids (malic, tartaric and succinic). It is interesting to note 
that in the case where no acetic acid was added (No. 1), the result was in 
perfect accordance with the total amount of acids present. In the de¬ 
termination, however, when an addition of acetic acid had taken place 
(No. 2) only tartaric acid and malic acid showed their presence. 

Up to now, we have considered simply the determination of neutraliza¬ 
tion points. This naturally is the most ordinary kind of determination 
to make first, but in no way marks the limitation of the sphere of useful¬ 
ness of the method. We feel confident that the electro-titrametric method 
will find a constantly widening field of application, and this will naturally 
be a source of personal gratification to us, should it prove to be the case. 
The experiments which we have performed are necessarily limited in num¬ 
ber and kind, being confined to the determination of those elements and 
radicals known to be of particular importance in general and biological 
chemical analysis. 

At this juncture we wish to emphasize two points that strongly com¬ 
mend this method, namely, accuracy and ease of performance. The ele¬ 
ments and radicals included in our determinations were, Cl, Ag, S0 4 , Ba, 
U, PO4, NO,, K, Ca, Fe'. 

In the first determinations of those elements and radicals, we aimed 
to test the method as to its application and limitations, and we used, there¬ 
fore, chemicals of highest purity (Kahlbaum), even going so far as to check 
their purity by standard methods of analysis. 

The first of these experiments was a determination of Cl in KC1 by 
means of AgNO*. Fig. 5 shows the sharpness and precision which char¬ 
acterizes the determination. The value obtained by the conductivity 
titrations coincided exactly with the theoretical value (theoretical, 35.46 
mg. Cl; found, 35*.46 mg. Cl). 

The next analysis was the determination of S0 4 in K2SO4. In the cup 
was 10 cc. N/io KtS0 4 . This was titrated with N /3 Ba(NO,) s . 
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At this point, attention should be called to the fact that, in order to ob¬ 
tain the highest degree of precision, we introduced, in many instances 
into the cup, a very small portion of the salts yielding the precipitation 
to be expected. It will be seen that in addition to what has been said 
already, the analysis of K2SO4 by the electro-titrametrie method does 
away with the laborious processes of precipitation, incineration, and weigh¬ 
ing, and avoids the many opportunities for error engendered by these opera¬ 
tions. 




Determination of Cl 
In cup 10 cc 0 1 N KC1 
Titrated with 0 5 N AgNOj 

Readings. 


0 cc 

592 


0 5 cc 

586 

5 

0 955 cc 

582 

1 

2 000 cc 

576 


2 55 cc 

629 

5 

1 00 cc 

668 

3 


Theoretically, 2 <c “= 15 46 mg Cl 
Found, 2 cc - 15 46 mg C 1 
Fig 5. 


Determination of SO* 

In cup 5 ct 0 1 N K*bO« 

Titrated with N /3 Ba(Nt)j)# 

Readings 

0 cc 461 0 

1 06 cc 152 1 

2 005 cc 485 0 

2 986 cc 567 8 

Theoretic, ally, 1 52 it N /1 Ba(NOi)* 
240 175 mg SO« . 

Found. 1 58 cc ~ 240 175 mg SO« 

Fig. 6 


The next determination was that of P0 4 in (NII^HPO^ the titration 
being formed with uranium nitrate as reagent. A glance at Fig. 7 shows 
that the analytical result agrees exactly with the amount introduced. 
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Determination of PO< 

In cup 10 cc 0 1 N <NH0*HPO« 
Titrated with 0 25 N IKMCHiCOO), 

Readings 


0 cc 

466 5 

1 5 cc 

375 

1 0 cc 

311 

4 0 cc 

310 

5 0 cc 

310 


Theoretically, 2 5 cc contains 31 68 rag PO< 
Found, 2 5 cc contain 31 68 mg PO< 


Determination of NOj 

In cup 5 cc 0 1 N NaNOi 

Titrated with 0 25 N LtsHwN* (addition of 


1 drop 1 1 HiSO«) 

Readings 

0 cc 

401 

1 5 cc 

297 5 

2 5 cc 

257 5 

3 5 cc 

245 0 

Theoretically, 2 cc • 31 005 mg NO 

Found, 2 cc ■» 31 005 mg 

NOj 


Fig 7 


Fig. 8 
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This analysis in particular is noteworthy because of the fact that in using 
the ordinary indicators (cochineal or potassium ferrocyanide) the turn* 
ing points are not very definite; and, in general, leave much to be desired. 

Another electro-titrametric determination was that of NO* in a solu¬ 
tion of NaNOt (a salt which may be looked upon as chemically pure 
Chili saltpeter), containing also free HgS 0 4 . This solution was titrated 
with a o 25 N solution of nitron in acetic acid. In this experiment, 
where the theoretical amount of nitrate present was 31 005 mg., the elec- 
tro-titrametnc method again showed perfect coincidence. A differ¬ 
ential determination of nitrates and nitrites is possible by the use of hydra¬ 
zine sulfate. 

In the experiments now to be described, determinations were made 
of several cations. The first was that of K in KC 1 (Sylvm). The re¬ 
agent used here was sodium cobalt nitrite. The result obtained was 
once more m exact accord with the theoretical calculation actually 
present, 39.10 mg., determined by the conductivity titration, 39 10 
mg. 


400 













300 







2CC_ 

—U 

1C_ 

_ is 

_ 

_ 2 £S 


Determination of K 
In cup 10 cc 0 1 N KG 
Titrated with 0 5 N Na*CO(NO»). 

Readings 

0 cc. 362 5 

1 5 cc ..442 

2 5 cc 482 

3 0 cc 495 5 

Theoretically, 2 cc - 39 10 mg X 
Pound. 2 cc - 39 10 mg K 



Determination of Ca 
In cup 10 cc 0 1 N CaCls 


Titrated with 0 5 N HtCtO. 

Readings 

Occ 562 5 

1 5 cc 578 0 

2 5 cc 623 5 

3 0 cc. 657 5 

Theoretically, 2 cc - 20 035 mg Ca 
Pound, 2 cc m 20 035 mg Ca 


W« 9 Pig 10 

In this case the precipitation requires 3-4 minutes for completion. 
The conductivity reading then becomes constant. Although the conduc¬ 
tivity curve in this instance permits of reasonably high accuracy, it is 
nevertheless not as sharp as in the other determinations which preceded, 
or in those which follow it. We have, however, good grounds for the be¬ 
lief that by the use* of another cobalt nitrite a sharper graph would re¬ 
sult; in any case the reagent must be used fresh. 

The next determination of a cation was that of Ca in CaCl t . The re- 
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agent used was 05 N oxalic acid. As before, the result of the analysis 
checked with the theoretical amount present. 

The next experiment was the determination of the Fe* content of 
FeCl 2 . The titration was performed with 05 N Na*S. One can hardly 
fail to be struck here with the extraordinary sensitivity of the electro- 
titrametric method so notably illustrated by the results of this^experi- 
ment. Thus, 2 792 mg. Fe* was dissolved in the conductivity cup. A 
glance at the graph shows that by the analysis exactly this amount was 
found to be present. 

Up to now wc have considered exclusively the analysis of elements 
and radicals in a solution containing only the pure salt. It is hardly neces¬ 
sary to say that by the application of such reliable and specific reagents 
as we used, the accuracy of the results would not be affected by the pres¬ 
ence of foreign substances. Many 
experiments have convinced us 
of the applicability of the electro- 
titrametric method in the case 
of a solution of a mixture of 
salts. We invariably found that -- 

the presence of salts other than ^ 

the one in question did not cause 
variation or inaccuracy of results. 

For this reason we feel it unnec¬ 
essary to go any further mto 
this question, resting content with 
the statement that intelligent 
choice of the reagents used will, 


IlSSfll 


■■■■■■■■MB 

mmmmmmwBESm 


Deter mination^of Cl^and SO< tn the same 
solution 

In cup 5 c*c *0 1 N NaCl, 5 cc 0 IN K1SO4 
Titrated with (A) 0 5 V AgNOi, (B) ^T /3 
Ba(NOi). 

Readings 


Determination of Fe* 

In cup 1 cc 0 1 N FeCl* 
Titrated with 0 5 N NatS 


Readings 
0 cc 410 

0.1 cc 410 7 

0 4 cc 535 

0 5 cc 594 

Theoretically. 0 2 cc - 2 792 mg Fe 
Found. 0 2 cc » 2 792 mg Fe* 


Theoretically, 1 cc * 35 46 mg Cl. 
Found. 1 cc «• 35 46 mg, Cl 
B 

Theoretically. 1 51 cc - 96 09 mg SO 4 . 
Found, 1 5 cc 96.09 tag SO 4 . 

Fig. 12. 


Fig 11 
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in the case of a mixture of substances in solution, prevent the possibility 
of even the slightest disturbance. A single illustration of this may be 
seen in Fig. 12, representing the determination of four different sub¬ 
stances, Ag, Cl, Ba, SO4, in a solution containing a mixture of K2SO4 and 
NaCl. The graph speaks for itself in language that is unmistakable. 
Previously, we dealt with the determination of acids, bases, salts, and 
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Determination of the acid and basic binding capacity (HC1. NaOH) 
of unne (sp cond 260 5 10 *) 

In cup 50 cc urine 

Titrated with (A) N HCI, (B) N NaOH 

Rt idtngs 


Readings 

ArM hinHinir i k \ 


Bast binding (B) 


0 

555 0 

0 

559 0 

4 9 

567 5 

0 5 

556 5 

0 5 

561 5 

5 4 

569 5 

0 9 

560 0 

0 9 

564 0 

5 9 

572 0 

1 5 

563 5 

1 4 

565 5 

6 4 

575 5 

2 5 

569 5 

1 9 

566 5 

6 9 

581 0 

2 8 

573 5 

2 4 

567 0 

7 4 

587 0 

3 3 

577 0 

2 9 

567 0 

7 9 

595 5 

3 8 

580 7 

3 4 

566 0 

8 4 

603 5 



3 9 

4 4 

566 0 

567 5 

8 9 

9 4 

614 0 
628 0 


• Fig n 

mixtures of salts. At this point we take occasion to state that this method, 
which was so successful for the above mentioned substances, was also of 
great value in the analysis of liquids of biological constitution. We have 
purposely concentrated the largest part of our attention upon the analysis 
of the working basis of the method in its wider applications. Therefore, 
we reserve, for later publication, the analysis of biological liquids. We 
may, however, remark that by means of our method of analysis of the 
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chlorine and phosphate in such liquids (for example, unne) no difficulties 
were presented, the results being in perfect accord with those obtained 
by the other methods The advantages of the eleetro-titrametric method 
m these latter instances are, the possibility of an exact analysis of a few 
cubic Centimeters, and at the same time an extremely high degree of pre¬ 
cision 

It is necessary here to call attention to the fact that in the determina¬ 
tion of SO4 in such liquids certain complications were encountered, which 
impressed us with the fact that we had to deal with a liquid of different 
composition from the synthetical solution Observing certain precau¬ 
tions, as for example, degree of acidity, kind of reagent, etc , we were in 
some instances able to obtain results which closely agreed with those 
of gravimetric determinations 

The last curve is an illustration of the acid and base binding capacity 
of a physiological liquid, in this case urine The previous statement 
m regard to the use of indicator is especially true sn this case It should 
not be overlooked, however, that the direction of the curve m such cases 
is probably not entirely due to the above stated phenomena, because 
other factors, such as changing viscosity, maj affect the total rt >ult It 
is interesting to note that in this connection successive precipitations 
were observed after the addition of certain amounts of the leagent 
It is the belief of the writers that such curves may prove to be m some 
cases a more instructive demonstration of the complex properties of such 
liquids and that more deductions might be drawn from such curves than 
those from a turning point of an indicator 

As the nature of this publication is preliminary, the authors wish to 
reserve the right to develop this field more completely in the near future 

Amherst Mass 


(Contribution prom ihe Chemical Laboratories op Ceark University ) 

A RAPID LABORATORY METHOD OF MEASURING THE PAR¬ 
TIAL VAPOR PRESSURES OF LIQUID MIXTURES. 

By M A Rosanoff C W Bacon and R H White 1 
Received July 2 1914 

Section I.—Introductory Remarks. 

It is scarcely necessary to point out that the partial pressures of volatile 
mixtures are not measured as such What is really determined, is the 
composition of the vapor which is in equilibrium with the liquid mixture 
The partial pressures are then assumed to be proportional to the molar 
percentages of the components in the vapor, and then* absolute values 
become J -'own if the total pressures have been determined manometncally 
1 1 gl iy acknowledge my mdebtedness to my research assistant Dr John F W 
Schulze, £ valuable help m preparing this paper for publication MAR 
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Hie main difficulty involved is that of analyzing the vapor with sufficient 
precision. The method that has been most extensively used in the past 
consists in distilling off a small amount from the given mixture and anal* 
yzing the distillate, on the assumption that if the relative amount of dis¬ 
tillate is sufficiently small, its composition is vary close to that of the first 
trace of vapor given off by the liquid. As the precision and reliability 
of this method are in many ways subject to doubt, and as the results ob¬ 
tained have often been found to disagree with those yielded by other 
methods, it appeared desirable to devise a method, the reliability of whose 
results should, as far as possible, be free from doubt. Such, we believe, 
is the method devised by Rosanoff, Lamb, and Breithut , 1 and worked out 
in its practical details in these laboratories . 2 It consists, briefly, in pass¬ 
ing a binary vapor of constant composition through a liquid mixture of 
the same substances; as long as the liquid is not in equilibrium with the 
vapor, its composition changes, and consequently both its boiling point 
and the vapor escaping from it change continuously. When the composi¬ 
tion of the liquid has finally adjusted itself to that of the vapor employed, 
and equilibrium has set in, everything becomes constant: the thermom¬ 
eter in the liquid indicates a constant temperature; the escaping vapor has 
ceased changing, and consecutive fractions of it condensed show the 
same composition. The attainment of equilibrium is thus attested in 
two independent ways, and as the condensed fractions can be taken as 
large as desired, the analytical difficulties disappear, and the composi¬ 
tion of the equilibrium vapor becomes known with all precision necessary. 
Unfortunately, the required apparatus is somewhat complex, and its 
efficient handling calls for considerable manipulative skill, so that the 
method can scarcely be recommended for ordinary use, in connection 
with studies of either the theory of solutions or fractional distillation. 

The method just referred to has served to demonstrate that reliable 
partial pressure data can be obtained by distilling off a small fraction, 
as has long been practised. Thus, the well-known results obtained by 
v. Zawidzki 4 are doubtless very good. Only, on account of the tendency 
of certain impurities, such as moisture, to accumulate in the first distil¬ 
late, the organic liquids employed must be exquisitely purified, and the 
small distillate to be analyzed must be handled with great care, if its com¬ 
position is not to be grossly affected by evaporation. Furthermore, 
even v. Zawidzki s apparatus is of somewhat complex construction and 
calls for no little delicacy of manipulation. Thus a need still remained 
for a simpler and more rapid, yet sufficiently reliable, laboratory method. 

1 Rosanoff, Lamb,*und Breithut, This Journal, 31, 448 (1909); Z. phystk . Chem 
to, 349 (1909)- 

* Rosanoff and Easley, This Journal, 31, 953 (1909); Z. phytik. Chem., 68, 641 
(1910). 

* Von Zawidzki, Z. pkysik . Chem., 35,129 <1900). 
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Such a method is described in the present communication. It was first 
devised and successfully employed in these laboratories during the year 
1910-1911, and a brief preliminary account of it was published in 1911. 1 
Since then, however, it has been used here in a number of new cases of 
both binary and ternary mixtures, and to-day we feel justified in recom¬ 
mending it as the easiest method for ascertaining the composition of vapors 
in equilibrium with all sorts of liquid mixtures. We believe, further, 
that it would be especially useful where the available amount of substance 
is too small for the older methods to yield accurate results. 

Section II.—Principle of the Method. 

The problem is to ascertain the composition of the first infinitesimal 
amount of vapor given off by a liquid mixture of known composition. 
To this end we subject the given mixture to distillation, carefully avoid¬ 
ing reflux condensation. The amount finally driven over may be as great 
as 80 or 90% of the total original weight. And imagine that we have 
obtained knowledge of what the composition of the distillate was when 
its weight was, say, 1 g.; what the composition of the distillate was when 
its weight had reached 2 g., then 3 g., 4 g., 5 g., etc. If the composition 
of the distillates were now plotted against their weights, a curve would be 
obtained, every point of which would indicate the composition that the 
distillate would have when its weight has attained any definite amount 
within the range of the curve. But only a moderate extrapolation back¬ 
ward would lead up to the composition axis, that is, to where the weight 
of distillate is zero. The point of intersection would obviously indicate 
the composition of the first indefinitely small amount of distillate, and thus 
our problem would be solved. 

This is, in fact, our procedure. Only, instead of allowing the distillate 
to accumulate in the receiver, we remove seven or eight consecutive 
fractions of it, and weigh and analyze them separately. Knowing the 
weights and compositions of Fractions 1 and 2, we can readily calculate 
the weight and composition that would have been found if they had been 
allowed to form a single combined fraction. Similarly, knowing the 
weights and compositions of 1, 2 and 3, we can easily calculate what the 
weight and composition wouM have been if these three distillates had 
been allowed to form a single fraction, and so forth for the rest of the dis¬ 
tillates obtained. 

The extrapolation just mentioned indicates, as stated, the composi¬ 
tion of the first infinitesimal amount of vapor evolved by the given liquid 
mixture. But the same experiment yields also further information. 
Suppose that eight distillates have been collected and that the composi¬ 
tion of the residue had been found by analysis. Knowing, again, the 
weights and compositions of Fractions 8 and 7, we can calculate the weight 
1 Rosanoff, J ". FranhHn Inst ., 17a, 527 (19x1). 
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and composition that would result if the two were mixed, or if they had 
been allowed to form a single fraction. Similarly, we can find the com¬ 
bined weight and composition of Nos. 8, 7, and 6, then of Nos. 8, 7, 6, 
and 5, etc. Suppose now that the weight of No. 8 is entered as an ab¬ 
scissa and the composition of No. 8 as the corresponding ordinate; that 
the combined weight of Nos. 8 and 7 is taken as a second abscissa, and their 
combined composition as a second ordinate, etc. A new curve would 
thus result, and this curve again we would extrapolate to intersection 
with the composition axis. The point on the curve corresponding to dis¬ 
tillate No. 8 may be thought of as the composition of the mixture returned 
to the residue when the weight returned, as if by a reversal of the actual 
distillation, is that of No. 8. Similarly, the point of intersection on the 
composition axis would represent the composition of the first infinitesimal 
amount returned to the residue. But this is evidently nothing else than the 
composition of the slight amount of vapor still in contact with the residue. 
In this manner our one actual distillation teaches, not only what vapor 
is in equilibrium with the original mixture, but also what vapor is in 
equilibrium with the final residue. It would be easy to show that simple 
enough calculation could further reveal the composition of the vapors 
in equilibrium with mixtures intermediate between the original and the 
residue. But we will not insist on this point, as we have not made use of 
it in our practical work. 

Section III.-—Apparatus and Manipulation. 

In applying experimentally the simple principle just stated, an appara¬ 
tus was devised in which reflux condensation is practically impossible. 
The apparatus, drawn to scale in cross section, is shown in Fig. 1. It 
consists of a pear-shaped vessel with a long neck, near the upper end of 
which are four circular openings for the escape of the vapor. A glass 
jacket, fused on to the rim of the neck, surrounds the flask and ends 
below in a tube through which the vapors escape into a powerful worm 
condenser, and thence, in liquid form, into a receiver having several 
compartments for the convenient collection of consecutive fractions. 
The receiver communicates with- the atmosphere through a tube filled 
with calcium chloride, to keep out moisture. The neck of the pear- 
shaped boiling-vessel is permanently -stoppered above with a cork, which 
is made thoroughly vapor- and liquid-tight with shellac and sealing-wax. 
The cork carries an electric heater of platinum wire, and, for the intro¬ 
duction and withdrawal of liquid, an adapter-tube reaching nearly to the 
bottom of the boiling-vessel. Liquid is introduced and withdrawn with 
the aid of a separatory-funnel fitted by means of a tight cork into the upper 
part of the adapter-tube, as shown in the diagram. During operation the 
boiling-vessel is thus surrounded by the vapor of the boiling liquid itself, 
and thus reflux condensation is prevented. But to make doubly sure 
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of this, the jacketed distillation vessel is all but completely immersed in a 
bath, whose temperature, roughly constant, is somewhat above the high¬ 
est temperature that may be at¬ 
tained by the boiling mixture experi¬ 
mented upon. 

The manipulation is very simple. 

A mixture of known composition is 
introduced into the distilling vessel 
and is set boiling by means of the 
electric heater. There being no re¬ 
flux, the distillation is usually very 
rapid, each fraction taking only a 
minute or two to collect. The frac¬ 
tions are received in small, carefully 
weighed glass-stoppered bottles, 
and in scarcely half an hour, dur¬ 
ing which the apparatus requires 
little attention, the run is complete. 

Now a sample of the residue is with¬ 
drawn for analysis, the several 
distillates are weighed (with a pre¬ 
cision of about 0.05 g.), and finally 
the residue and the distillates are 
analyzed as stated above. 

We have not mentioned the di- 
’mensions of the distillation ap¬ 
paratus. In our earlier work the 
pear-shaped boiler had a capacity 
of about 300 cc. and was almost 
filled with the liquid mixture for a 
run. To prevent the protrusion of 
the platinum heater above the 
liquid, the distillation was usually 
interrupted when about 100 cc. of 
liquid still remained in the vessel. 

More recently a smaller apparatus 
has been employed here, the pear- 
shaped boiler having a capacity 
of only 125 cc., and the shape 
of the platinum heater was modified to permit of leaving a residue of barely 
25 cc. There is, however, no reason why a still smaller apparatus should 
not be employed when only a scanty amount of experimental material 
is available. 



Fig. x. 
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{Section IV.—Analytical Method. 

The composition of our binary mixtures was determined on the basis 
of their refractive indices by an interpolation method first recommended 
by Ostwald and since used by von Zawidzki and also in this laboratory. 
The indices of a number of mixtures of exactly known composition are 
determined, and from these the percentages are calculated which would 
correspond to these indices if the latter obeyed the rule of additivity. 
The differences between the true and these “ideal” percentages are 
plotted as ordinates against the ideal percentages themselves. The re¬ 
sulting curve gives the correction to be algebraically added to the ideal 
percentage, the latter being calculated in any given case from the equa¬ 
tion: 

Ideal percentage * I0 ?^ . ^ 

*1 — 1* 

where i\ is the refractive index of the isolated component whose ideal 
.percentage in the mixture is sought, i* is the index of the second com¬ 
ponent in the isolated state, and i is the observed index of the mixture. 

Tables I—III give the corrections for a number of ideal percentages 
in the case of three pairs of liquids; the data of Tables I and II are based 
on new measurements; the data of Table III are calculated from the meas¬ 
urements of von Zawidzki. 1 Corrections for other percentages than those 
given in the tables will readily be found by graphic interpolation. All 
these corrections lead to the true composition of the mixtures expressed 
in molar percentages . 

Table I. Table II. Table III. 


Chloroform—Toluene. Acetone-Toluene. Ethyl Iodide—Ethyl 

Acetate. 


The index 

of CHC1* is 

The index of (CH«)*CO is 

The index 

of the iodide is 

1.44301. That of C#H«CH| 

1.35662. That of C«H»CHs 

1.51009. 

That of the 

is 1.49323. 

Temp. 25.4°. 

is 1.49337- 

Temp. 25.0°. 

acetate is 1.3 7012. Temp. 
25.2 # . 

Ideal % 

Correc¬ 

Ideal % 
(CHi)iCO. 

Correc¬ 


Correc¬ 

CHCls. 

tion. 

tion. 

tion. 

O 

0 

O 

O 

0 

O 

IO 

+3.04 

10 

+3.03 

10 

4-4* 12 

20 

+3-73 

20 

+3.56 

20 

46.96 

SO 

+4-73 

30 

+7.35 

30 

48.68 

40 


40 

+8.56 

40 

49.41 

SO 

+3-3* 

50 

+9.16 

50 

49 42 

60 

+3.04 

60 

+9.12 

60 

48.70 

70 

+4-43 

70 

+8.31 

70 

46.21 

80 

+3.31 

80 

+6.52 

80 

45.36 

90 

+1.68 

90 

+3.56 

90 

42.96 

100 

0 

TOO 

0 

IQO 

0 


1 Von Zawidzki, Lee. cit. 9 p. 1^5. 



PARTIAL VAPOR PRESSURES OP LIQUID MIXTURES. 1809 

Tables for the analysis erf mixtures of carbon disulphide and carbon 
tetrachloride may be found in a former communication. 1 

Ternary mixtures, whose partial pressures were determined by the 
present method, have been analyzed according to the procedure described 
by Schulze.* 

Section V.—Purification of the Substances. 

Our substances were purified as follows: Carbon disulfide was thoroughly 
shaken with lime, allowed to stand for some time in contact with mer¬ 
cury, dried with calcium chloride, and distilled; a large middle fraction 
collected for use passed over within less than o. 1 °. Kahlbaum’s carbon 
tetrachloride required no further treatment than drying with calcium 
chloride and redistilling, the fraction collected for use boiling again within 
o.i°. Chloroform from a well-known American manufacturer was washed 
with dilute sulfuric acid, then with caustic potash, and next, five times 
with water. After drying with calcium chloride, it was distilled in dim 
light, a large middle fraction, boiling between 60.9° and 6i.o°, being 
kept for use. A high-grade commercial toluene was thoroughly washed 
with water, dried with calcium chloride, and distilled, the utilized frac¬ 
tion passing over between 109.5 0 and 109.6°. A quantity of commercial 
acetone was boiled for ten hours with an excess of solid potassium per¬ 
manganate, distilled off, dried with potassium carbonate, and redistilled; 
the fraction kept for use passed over within o. 1 °. The ethyl iodide was 
prepared by ourselves, from resublimed iodine, absolute alcohol, and 
pure red phosphorus; the crude product was washed with a solution of 
caustic potash and with water, then dried with calcium chloride, distilled, 
and preserved in contact with finely divided (“molecular”) silver; the 
preparation distilled over completely between 72.6° and 72.8°. Finally, 
a good grade of commercial ethyl acetate was washed with a 50% solution 
of calcium chloride, then dried with fused calcium chloride, and distilled, 
the utilized fraction passing over between 76.6° and 76-7°- 

Section VI.—Results for Carbon Disulfide—Carbon Tetrachloride. 

Table IV.— Run A. 

Weight of diatillate. 1 MoUr % 

u. . ...... . __ _ t _«_.1_ r*(L 


No. of distillate. Oram*. Index of refraction. of CS«. 

1 . 16.48 1. 53*77 59-35 

2 . 19.43 1.53x08 58.96 

3 . 15-86 1.52815 57-21 

4 . 16.00 I 5249 X , 55 25 

5 . 23.75 I.52088 52 73 

6 . 17.80 15x639 4985 

7 . 25.23 1.51181 46.79 


It would have been advantageous to express the composition of the dis- 

1 Rosanoff and Easley, Loc, cit ., p. 970. 

* Schulze, This Journal, 36,498 (1914). 
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tiallates, m motor, but in weight percentages , as the former compli¬ 
cate the calculations unnecessarily. We will, however, reproduce all re¬ 
sults in this paper in the form in which they were originally obtained and 
used. 

From the figures of Table IV, calculation gives the following 


Tabj.e V 




Combined 


Combined 

Distillates 

Com¬ 

bined 

weight 

compo¬ 

sition 

(Molar 

Distillates 

Com¬ 

bined 

weight 

compo¬ 

sition 

(Molar 

%CSi) 

combined 

Grams 

%cso 

combined 

Grams 

No. 1 

16 48 

59 35 

No 7 

25 21 

46 79 

No* 1+2 

15 91 

59 11 

Nos 7 f 6 

43 01 

48Q7 

No* 1+2+3 

51 77 

58 55 

Nos 7+6+5 

66 78 

49 76 

No* 1+2+3+4 

67 77 

57 79 

Nos 7 f6+5+4 

82 78 

50 86 

No* I+2+3+4+3 

91 52 

56 51 

Nos 7+645+4 43 

98 64 

51 92 

No* 1+2+3+445+6 

109 32 

55 47 

Nos 7 \ 6 f 5+4+3+2 

118 07 

53 10 

No* 1+2+3+4+5+6+7 

114 55 

53 92 

Nos 7 +6+5 + 4 f3 + 24 1 

114 55 

5192 


The original mixture (refractive index = i 49780) contained 36 77 
molar per cent CSs. The third column of Table V shows, by graphic 
extrapolation, that the vapor in equilibrium with the original mixture 
contained 60.35 molar per cent CS2. 




t-JfilBiSS! 
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The residue (refractive index = 
1 48000) contained 22 18 molar per 
cent CS2 The sixth column of Table 
V shows, by graphic extrapolation, 
that the vapor in equilibrium with the 
residue contained 44 85 molar per cent 
CS2. 

The results of Table V are shown 
graphically by the pair of curves 
marked A in Fig. 2. The curves, it 
will be seen, are very smooth, and the 
shght extrapolation introduces prac¬ 
tically no uncertainty. Only the 
first point on the upper curve, corre¬ 
sponding to the first distillate, fails 
to agree with the rest. The cause 
of this was doubtless a trace of mois¬ 
ture contained in the original mix- 
Fig 2.—Carbon disulphide—carbon ture, and if one distillate only had been 
tetrachloride examined, as is done in the older 

procedures, an error of at least 1% would have been introduced, prob¬ 
ably more. On the other hand, the shape of our curve and its ex¬ 
trapolation are scarcely rendered less certain by the irregularity of that 
one point. 
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Table VI.— Run B. 


No. of 
distillate. 


Weight of distillate. Index of 

Grains. refraction. 

Molar % 
of CSt. 


J . 


• •• *3-67 1.55285 

70.78 


2. 


18.OI 1.55168 

70.19 


3. 


- 16.22 I.54901 

68.80 


4. 


•••« *21.43 1.54582 

67.14 


5. 


- 12.14 1.54200 

65.08 


6. 


- 1776 1.53890 

63 43 


Distil¬ 

Com¬ 

Table VII. 

Com¬ 

bined 

compo- Distil- 

Com¬ 

Com¬ 

bined 

compo¬ 

lates 

bined 

sition. lates 

bined 

sition. 

com¬ 

weight. 

(Molar com- 

weight. 

(Molar 

bined. 

Grams. 

% CS,.) bined. 

Grtims. 

%CSt.) 

No. 1. 

... 13.67 

70.78 No. 6. 

. 17.76 

63.43 

Nos. 1+2. 

... 31.68 

70 44 Nos. 6+5. 

. 29.90 

64.10 

Nos. 1+2+3. 

. . . 49.90 

69.89 Nos. 6+5+4. . 

... . 51.33 

65.39 

Nos. 1+2+3+4. 

. 69.33 

69.05 Nos. 6 + 5+4 + 3. 

.... 67.55 

66.22 

Nos. 1+2+3+4+5. 

... 81.47 

68.48 Noa. 6 + S+4 + 3+2_ 

... . 85.56 

67.08 

Nos 1+2 + 3+4 + 5+6.... 

. . . 99.23 

67.60 Nos. 6+5+4+3 + 2 + 1. 

. 99.23 

67.60 

Original mixture (refractive index » 1.51680). 

50.11% CSt 


Corresponding vapor (by extrapolation). 

71.50% CS, 


Residue (refractive index — 

1.49889). 

37.62% CS, 


Corresponding vapor (by extrapolation). 

62.30% CSj 



The results of Table VII are shown graphically by the pair 01 curves B 
in Fig. 2. 

Table VIII.—Run C. 

Weight of 
distillate. 

Oram*. Index of refraction. Molar % of CSi. 

18.25 I 56573 7728 

16.80 1.56465 76.57 

16.66 I.56219 7537 

14-37 I.56002 7433 

*4-5° 1.55767 7320 

1554 1.55486 71 81 


Taple IX. 


Distillates 

Comoioed 
* compo- 
Cotnbined sition. 
weight. (Molar 

Distillates 

Combined 
compo- 
Combined sition. 
weight. (Molar 

combined. 

Grams. % CS,) 

combined. 

Gram*. 

%CS,.) 

No 1 . 

.... 18.25 77.28 

No. 6 . 

. 15.54 

71.81 

Noe. 1+2. 

.... 33.05 76.94 

Nos. 6 + 5. 

30.04 

72.48 

Noe. 1+2+3. 

.... 51.71 76.44 

Noe. 6+5+4. 

. 44.41 

73.09 

Nos. 1+2+3+4. 

.... 66.08 75.99 

Nos. 6 + S+4+3. 

. 61.07 

73.72 

Nos. 1+2+3+4+5. 

.... 80.58 75.49 

Nos. 6 + 5+4+ 3 + 2.... 

. 77.87 

74.34 

Nos. 1+2+3+4+5+6... 

.... 96.12 74.91 

Noe. 6+5+4+3+2 + 1 

. 96.12 

74 91 

Original mixture (refractive index * 1.53056). 

Corresponding vapor (by extrapolation). 

Residue (refractive index ■* 1.51440).‘- 

Corresponding vapor (by extrapolation). 

58 66% CS, 
77.70% CS, 
48.52% CS, 
70.90% CSt 



The results of Table IX are shown graphically by the pair of curves 
C in Fig. 2. 


No. of distillate. 

1 . 

2 . 

3 . 

4 . 

5 . 

6 . 
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Tabus X —Run D 


Weight of 
distillate 


No of distillate 


Grams Index of refraction 

Molar % of C8a 

z 


15 

94 

I 57393 

80 88 


2 


15 02 

1 57336 

80 62 


3 


17 54 • 

l 57 I 7 I 

79 86 


4 


16 

86 

1 56966 

78 93 


5 


14 66 

1 56771 

78 02 


6 


i 6 87 

1 56534 

76 88 




Tabus XI 




Distil¬ 

lates 

com¬ 

bined 

Com 

binod 

weight 

Grams 

Com¬ 

bined 

cqmpo 

•ition 

(Molar 

%cao 

Distillates 

combined 


Com 

bmed 

weight 

Grams 

Com¬ 

bined 

compo¬ 

sition 

(Molar 

%CSt) 

No 1 

15 94 

80 88 

No 6 


16 87 

76 88 

Noe 1+2 

30 96 

80 73 

Nos 6+5 


31 53 

77 42 

Noe 1+2+3 

48 50 

80 43 

Nos 6+5+4 

48 39 

77 96 

Noe 1+2+3+4 

65 36 

80 05 

Noe 6+5+4+3 

65 93 

78 46 

Noe 1+2+3+4+5 

80 02 

79 68 

Noe 6+5+4+3+2 

80 95 

78 87 

Noe 1+2+3+4+5+6 

96 89 

79 20 

Nos 6+5+4+3+2 + 1 

96 89 

79 20 


Original mixture (refractive index » 1 54167) 64 94% CSt 

Corresponding vapor (by extrapolation) 81 22% CSi 

Residue (refractive index ■» 1 52583) 55 82% CSa 

Corresponding vapor (by extrapolation) 76 13% C in 

The results of Table XI are shown graphically by the pair of curves 
D m Fig 2 


Tabus XII —Run E 


No of 
distillate 


Weight of 
distillate. 

Grams 

Index of 
refraction 

Molar 
% of CSi 


1 


18 09 

59875 

91 OO 


2 


18 28 

59848 

90 88 


3 


21 23 

59751 

90 51 


4 


15 70 

59634 

90 06 


5 


15 78 

59520 

89 60 


6 


17 78 

59370 

89 02 




Tabus XIII. 




Distil- 

lates 

com¬ 

bined 

Com¬ 

bined 

weight 

Grams 

Com* 

bined 

compo¬ 

sition 

(Molar Distillates 
% CSt) combined 


Com 

bmed 

weight 

Grams 

Com¬ 

bined 

compo¬ 

sition 

(Molar 

%CS.) 

No ! 

18 09 

92 70 No 6 


17 78 

89 02 

Noe. 1+2 ,4 

36 37 

90 94 Noe 6+5 


33 56 

89 29 

Noe 1+2+3 

57 60 

90 78 Nos 6+5+4 

49 35 

89 54 

Noe 1+2+3+4 

73 39 

90 63 Not 6+5+4 + 3 

70 58 

89 83 

Noe 1+2+3+4+5 

89 17 

90 45 Nos 6+5+4+3+2 

88 86 

90 04 

Noe 1 H2+3+4+5+6 

106 95 

90 21 Noe 6 +5+4+3+2+1 

106 95 

90 21 


Original mixture*(refractive index — 1 57895) .. 83 04% CSi 

Correeponding vapor (by extrapolation) 91 31 % CS* 

Residue (refractive index * 1 56701) 77 69% CSs 

Correeponding vapor (by extrapolation) 88 63% CSi 
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The results of Table XIII are shown graphically by the pair of curves 
E in Fig 2. The relation between the composition of liquid and vapor is, 
on the basis of all the data given in this section, exhibited by the curves 
of Fig. 3. Here the lower curve indicates the boiling points of the various 



mixtures* Any horizontal line through the two curves will indicate the* 
composition of a vapor (point of intersection with the upper curve) and 
of the liquid (point of intersection with the lower curve) in equilibrium 
with it. 

The case of carbon disulfide—carbon tetrachloride was experimentally 
a somewhat difficult one, owing to the two liquids interdiffusing rather 
slowly. Nevertheless, the results obtained by the present method are in 
satisfactory agreement with those yielded by the standard method men¬ 
tioned above. 1 

1 Rosanoff and Easley, Loc. cit , p 984 
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Section VII.—Results for Chloroform—Toluene. 


Tabui XIV —Run A 


Weight of 
distillate 


No of distillate 

Grams 

Index of refraction Molar % of CHCU 

X 

16 37 

I 44482 97 00 

2 

20 32 

1 44503 9<> 68 

3 

24 32 

1 44532 96 18 

4 

17 07 

l 44552 95 84 

5 

20 51 

1 44562 95 68 





Tabus XV 






Combined 


Combined 

Distillate* 

combined 

Combined 

weight 

Grams 

compo 

1 aition 
(Molar 
% CHU) 

Distillates 

combined 

Combined 
weight 
Grams % 

compo 
sltion 
(Molar 
CHCU ) 

No 

1 

16 37 

97 00 

No 5 

20 51 

95 68 

Nos 

1+2 

36 69 

96 82 

Nos 5-» 4 

37 38 

95 62 

Nos 

1+2+3 

6i 01 

96 57 

Nos 5+4 f-3 

61 90 

95 92 

Nos 

1+2-13+4 

78 08 

96 41 

Nos 5 +4-f-3 +2 

82 22 

96 11 

No* 

i+2+3+4+5 

98 59 

96 2b 

Nos 5 + 4 \ 3+2 + 1 

98 59 

96 26 


Original mixture (refractive index - 1 45153) 

85 88% CHCU 



Corresponding vapor (by extrapolation) 


97 25% CHCU 



Residue (refractive index «■ 1 45523) 


79 54% CHCU 



Corresponding vapor (by extrapolation) 


95 40% CHCU 




Fig 4*—Carbon disulphide—carbon tetrachloride 


The results of Table XV are shown graphically by the pair of curves A 

in Fig. 4. 
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Table XVT —Run B 





Weight of 
distillate 







No of distillate 


Grams Index of refraction 

Molar % of CHCU 


I 


13 24 

I 

44945 


89 36 



2 


15 86 

I 

44958 


89 12 



3 


15 80 

I 

45013 


88 21 



4 


20 88 

I 

45098 


86 79 



5 


17 06 

1 

e*”' 

OO 

ir 

•st- 


85 3« 



6 


70 05 

1 

45^93 


83 53 





Table XVII 









Combined 




Combined 




tompo 





compo 



Combined 

bition 




Combined bition 

Distillates 

weight 

(Molar Distillates 




weight 

(Molar % 

combined 

Grams 

% CHCU ) combined 




Grains 

C HCU ) 

No 

1 

13 24 

89 36 No t 




0 05 

83 53 

Nos 

1+2 

29 10 

89 23 Nos 6 M 




37 11 

84 37 

Nos 

i+2 + 3 

44 90 

88 87 Nos 6 + 5 4 4 



5“ )) 

85 24 

Nos 

1+2 + 3 + 4 

(5 78 

88 21 Nos 6 f 5 f 4 

\ 3 


3 9 

85 88 

Nos 

1+2 + 3+44 5 

82 84 

88 87 Nos 6 + 5H 4 

f 34? 


8> 65 

86 45 

Nos 

1+2+344+5+6 

102 8 ) 

86 8’ Nos 645 4 4434 ? +l 

102 89 

86 82 


Original mixture (rtfraitive index — 1 46 >95) 



65 

33 0 CHCU 



Corresponding vapor (bj extrapolation) 



89 

53% UIUi 



Residue (refractive index ■- 

■ 1 47015) 



51 

30 % CHU, 



Corresponding vapor (by extrapolation) 



82 55% CH 



The results of Table XVII are shown graphically by the pair of curves 
B in Fig 4 

Tabi e XVIII —Run C 

Weight of 
distillate 

No of distillate 

Grams 

Index of refraction 

Molar ‘ „ of CHCU 

I 

16 74 

1 44712 

93 20 

2 

16 11 

1 44743 

92 68 

3 

18 69 

1 44783 

92 OI 

4 

20 98 

1 44833 

91 19 

5 

l6 8l 

1 44883 

90 36 

6 

19 51 

l 44958 

89 12 


Distillates 

Table XIX 

Combined 

compo 

Combined sition 
weight (Molar Distillates 

Combined 
Com compo 
bined sition 
weight Molar % 

combined 

Grams 

% CHCU ) combined 

Grams 

CHCU) 

No 1 

16 74 

93 20 

No 6 

19 51 

89 12 

Nos 142 

32 85 

92 95 

Nos 6+5 

36 32 

89 69 

Nos 1+243 

51 54 

92 23 

Nos 6 + 5+4 

57 30 

90 24 

Noa 1+2+3+4 

72 52 

92 19 

Nos 6+S+4+3 

75 99 

90 67 

Nos 1+2 + 3+4+5 

89 33 

91 85 

Nos 6 + 5+4+3+2 

92 10 

91 02 

Nos 1+2+3444546 

108 84 

91 36 

Nos 6+5 + 4 + 3 + 2 + 1 

108 84 

91 36 


Original mixture (refractive index — 1 45843) 
Corresponding vapor (by extrapolation) 
Residue (refractive index ■■ 1 46490) 
Corresponding vapor (by extrapolation) 


73 77% CHCU 
93 38% CHCU 
61 59% CIICU 
88 20% CHCU 
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The results of Table XIX are shown graphically by the pair of curves 
C in Fig. 4. 

Table XX. —Run D. 


No. of 

Weight of 
distillate. 

Index of 

Molar 


Crams. 

refraction. 

% of CHCU. 

I. 


1.45393 

1.43473 

81.80 

2 . 


80.40 

3. 


1.45563 

78.83 

4. 

. 14-75 

x .45693 

76.50 

5. 

. 17.31 

I. 458 x 8 

74.23 

6. 


1.46012 

70.65 




Table XXI. 








Com- 


Combined 



bined 



compo- 



compo- 

Distil- 

Com- 

sition. 


Com- 

sition. 

lates 

bined 

(Molar 


bined 

(Molar 

com¬ 

bined. 

weight. % 
Grams. CHCls.) 

Distillates 

combined. 

weight. 

Grams. 

CI&U.) 

No. 1. 

... 15.19 

81.80 

No. 6. 

22.70 

70.65 

Nos. 1+2. 

... 31.93 

81.06 

Nos. o+5. 

. . 40.01 

73.19 

Nos. 1+2+3. 

... 49.98 

80.25 

Nos. 6+5+4. 

... 54.76 

73.34 

Not. 1+2+3+4. 

... 64.73 

79.39 

Nos. 6+5+4+3. 

... 72.81 

74.69 

Not. I+2+3+4+5. 

... 82.04 

78.29 

Nos. 6+5+4+3+2. 

... 89.55 

75.75 

Not. 1 +2+3+4+5+6.... 

... 104.74 

76.61 

Nos. 6+5+4+3+2 +1.... 

... 104.74 

76.61 


Original mixture (refractive index - 1.46956). 52.47% CHCU 

Corresponding vapor (by extrapolation). 82.60% CHCU 

Residue (refractive index - 1.47820). 34.64% CHCU . 

Corresponding vapor (by extrapolation). 68.59% CHCU 

The results of Table XXI are shown graphically by the pair of curves 
D in Fig. 4. 


No. of 

Table XXII.—Run E. 

Weight of 

distillate. Index of 

(Molar 

distillate. 

Grams. 

refraction. 

% of CHCU.) 

I. 

. 14.47 

1.45853 

73*60 

2. 

. 1549 

1.45982 

71 .21 

3 . 


I.46091 

69.18 

4. 

. 19.31 

x. 46255 

66.09 

5 . 

. 13.44 

1.46450 

62.37 

6. 


x.46649 

58.50 

Distillates 

combined. 

Tabus XXIII. 

Combin'd 

compo* 

Combined sition. 
weight (Molar % Distillates 
Crams. CHCU.) combined. 


Combined 
compo- 
Combined sition. 
weight (Molar % 
Crams. CHCU.) 


No. I.14.47 73.54 

Not. 1+2. 29.96 72.33 

Noa. 1+2+3 . 43.98 71.32 

Not. 1+2 +3 +4. 63.29 69.71 

Not. 1+2+3+4+5.7673 68.41 

Not. I+2+3+4+5+6. 91.28 66.81 


No. 6. 14 55 58.50 

Nos. 6+5. 27.99 60.35 

Not. 6+3+4. 47.30 62.68 

Nos.6+5+4+3. 61.32 64.14 

Not. 6+5+4+3+2. 76.81 65.55 

Not. 6+5+4+3+2+1. 91.28 66.81 


Original mixture (refractive index - 1.47442). 42.61% CHCU 

Corretpoadiag vapor (by extrapolation). 74.80% CHCU 

Retidtte (refractive index — 1.48215). 26.02% CHCU 

Correspo n ding vapor (by extrapolation). 56.52% CHCU 
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The results of Table XXIII are shown graphically by the pair of curves 
E in Fig 4 


Table XXIV— Run F 

Weight of distillate 


No of distillate 

Grams 

Index of refraction 

Molar % of CHCU. 

I 

8 05 

X 46559 

60 26 

2 

7 4i 

I 46589 

59 68 

3 

5 «= 

I 46813 

55 31 

4 

6 04 

I 46837 

54 83 

5 

5 38 

l 46926 

53 06 

6 

7 93 

I 47030 

5* 00 



Table XXV. 

Combined 

Combmed 

Distillates 

weight 

composition 

combined 

Grams 

(Molar % CHCU ) 

No 1 

8 05 

59 97 

Nos 1+2 

15 46 

59 98 

Nos 1+2 M 

21 28 

58 70 

Nos 1 +2+1 + 4 

27 32 

57 84 

Nos 1+24-3 4 4 + 5 

32 70 

57 04 

Nos 1+2 t-3+44 5+6 

40 63 

55 83 


Original mixture (refractive index ■= 1 48074) 29 13% CHCU 

Corresponding vapor (by extrapolation) 61 47% CHCU 


The residue in this case could not be analyzed. 

The results of Table XXV are shown graphically by the upper curve 
of pair F in Fig. 4 


Table XXVI —Run G 


No of 

Weight of 
istHlate 

Index of 

Molar 

distillate. 

Grams 

refraction. 

% of CHCU 

I 

7 98 

I 47261 

46 34 

2 

9 75 

I 47344 

44 65 

3 

4 87 

1 47526 

40 86 

4 

5 62 

1 47535 

40 68 

5 

6 79 

1 47624 

38 81 

6 

6 48 

1 47712 

36 95 


Table XXVII. 

* 

Combined 

Combined 

Distillates 

weight 

composition. 

combined 

Grams 

(Molar % CHCU.) 

No 1 

7 98 

46 34 

Noe 1+2 

17 73 

45 41 

Noa 1+2+3 

22 60 

44 42 

Nos 1+2+3+4 

28 22 

43 67 

Noa 1+2+3+4+5 

35 01 

42 72 

Nos i+2+3+4 + 5+6 

41 49 

41 80 

Original mixture (refractive index — 1 48483) 


19 99% CHCU 

Corresponding vapor (by extrapolation) 

. 

. 47 23% CHCU 


The residue in this case could not be analyzed. 
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The results of Table XXVII are shown graphically by the upper curve 
of pair G in Fig 4. 

The results of all our measurements in the case of chloroform—toluene 
are exhibited by the curves of Fig 5. 



Section VIII.—Results for Acetone—Toluene. 



Table XXVIII - 

-Run A 


No of 
distillate 

Weight of 
distillate 
Grams 

Index of 
refraction 

Molar % 
of acetone 

I 

IO 42 

I 36086 

98 IO 

2 

12 57 

I 36104 

98 OI 

3 

9 61 

I 36130 

97 89 

4 

IO 12 

I 36148 

97 82 

5 

II 4& 

I 36175 

97 72 

6 

II 29 

I 36219 

97 52 
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Table XXIX 





Combined 



Combined 

Distillates 

combined 

Combined 

weight 

Grams 

tompo 
sit ion 
(Molar % 
acetone) 

Distillates 

combined 

compo> 

Combined sition 
weight (Molar % 
Grams acetone) 

No 

1 

10 42 

98 10 

No 

6 

11 29 

97 52 

Nos 

1+2 

22 99 

98 05 

Nos 

6+5 

22 77 

97 62 

Nos 

1+2 + 3 

32 60 

98 00 

Nos 

6 + 5+4 

32 89 

97 68 

Nos 

1+2+3+4 

42 72 

97 96 

Noe 

6 + 54-4+3 

42 50 

97 73 

Nos 

1+2+3+4+5 

54 20 

97 91 

Nos 

6+5 1-4+3+ 2 

55 07 

97 79 

Nos 

1+2+3+4+5+6 

65 49 

97 84 

Nos 

6+5+4+3+2+1 

65 49 

97 84 


Original mixture (refractive index ■» 1 37023) 

93 82% acetone 



Corresponding vapor (by extrapolation) 


98 10% acetone 



Residue (refractive index *=* 

1 37640) 


90 67% acetone 



Corresponding vapor fby extrapolation) 


97 40% acetone 




Table XXX —Run B 


/ 

* Weight of 

distillate 


Molai % of 

No of distillate 

Grams 

Index of refraction 

acetone 

I 

9 19 

I 36487 

96 27 

2 

9 43 

I 36505 

96 22 

3 

II 42 

I 36532 

96 08 

4 

II 83 

I 36600 

95 76 

5 

9 42 

1 36677 

95 4- 

6 

10 63 

1 36727 

95 19 




Table XXXI 





Combined 



Combined 



COfflpO 



tompo 



Combined sition 


Combined sition 

Distillates 

weight (Molar % Distillates 

weight 

(Molar % 

combined 

Grams acetone) combined 

Grams 

acetone ) 

No 

1 

9 19 96 27 

No 6 

10 63 

95 19 

Nos 

1+2 

18 62 96 25 

Nos 6+5 

20 05 

95 29 

Nos 

l +2 4-3 

30 04 96 18 

Nos 6+5+4 

31 88 

95 50 

Nos 

1+2+3 1-4 

41 87 96 08 

Nos 6 + 5+4 \ 3 

43 30 

95 63 

Nos 

1+2+3+4+5 

51 29 95 94 

Nos 6+5 +4 + 3 + 2 

52 73 

95 74 

Nos 

1+2+3+4+5-46 

61 92 95 82 

Nos 64 5+4+3+2+1 6192 

95 82 


Original mixture (refractive index — l 38294) 

87 11 % acetone 



Corresponding vapor (by extrapolation) 


96 35% acetone 



Residue (refractive index — 1 39361) 


80 79% acetone 



Corresponding vapor (by extrapolation) 


94 90% acetone 




Table XXXII - 

-Run C 


No of 

Weight of 
distillate 

Index of 

Molar % 

distillate 

Grams 

refraction 

of acetone 

I 

8 62 

I 36968 

94 07 

2 

12 68 

I 36986 

93 99 

3 

11 58 

I 37050 

93 66 

4 

13 45 

I 37160 

93 13 

5 

9 53 

I 37252 

92 65 

6 

IO 22 

1 37354 

92 14 
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Tabus XXXIII. 


Combined 


Distil- 

Com- 

compo- 

Distil- 

Com- 

eompo- 

lates 

blned 

sition. 

lates 

blned 

sition. 

com- 

weight. (Molar % 

com- 

weight (Molar % 

binod. 

Grams. 

acetone.) 

blned. 

Grams, acetone.] 

No. 1 . 

8.62 

94.07 

No. 6. 

.. 10.22 

92.14 

Nos. 1+2. 

. 21.30 

94.02 

Nos. 6+5. 

.. 19.75 

92.37 

Nos. 1+2+3. 

. 32.88 

93.90 

Nos. 6+5+4. 

.. 33.20 

92.69 

Nos. 1+2+3+4. 

. 46.33 

93.73 

Nos. 6+5+4+3. 

.. 44.78 

92.94 

Nos. 1+2+3+4+5. 

. 55 86 

93.50 

Nos. 6 + S+4+3+2. 

.. 57.46 

93.17 

Nos. 1+2+344+5+6... 

. 66.08 

93.29 

Nos. 6+ 5+4+3+2 + 1... 

.. 66.08 

93.29 


Original mixture (refractive index «* 1.39651). 79.02% acetone 

Correaponding vapor (by extrapolation). 94.10% acetone 

Residue (refractive index - 1 41311). 67.87% acetone 

Corresponding vapor (by extrapolation). 91.70% acetone 


No. of 
distillate. 


3 

4 

5 

6 


Tabu* XXXIV.— Run D. 


Weight of 
distillate. 

Index of 

Molar % 

Grams. 

refraction. 

of acetone. 

9.90 

1-37534 

9123 

10.22 

1.37558 

91.IO 

10.57 

1.37651 

90.61 

II.84 

1.37790 

89.88 

12 .OO 

1.37950 

89.01 

12.12 

I.38167 

87.82 


Table XXXV. 

Combined 


Distillates 

Combined 

weight 

compo¬ 
sition. 
(Molar % 

combined. 

Grams. 

acetone.) 

No. 1. 

9.90 

91.23 

Nos. 1+2. 

.. 20.12 

91.17 

Nos. 1+2+3. 

.. 30 69 

90.98 

Nos. 142+3+4. 

. . 42.53 

90.68 

Nos. 1+2+3+4+5. 

.. 54.53 

90.31 

Nos. 142+3+4+54 6... 

.. 66.65 

89.86 


Combined 



Combined 

war 

Distillates 

combined. 

weight (Molar % 
Grams, acetone.) 

No. 6. 

... 12.12 

87.98 

Nos. 6+5. 

... 24.12 

88.41 

Nos. 6+5+4. 

35.96 

88.90 

Nos. 6+5+4+3.. 

... 46.53 

89.29 

Nos. 6+5+4+3+2. 

... 56.75 

89.62 

Nos. 6+5+ 4+3+2+1... 

.... 66.65 

89.86 


Original mixture (refractive index ■» 1 41202). 68.64% acetone 

Corresponding vapor (by extrapolation). 91.55% acetone 

Residue (refractive index — 1.43452). 51.85% acetone 

Corresponding vapor (by extrapolation). 87.00% acetone 


Table XXXVI.— Run E. 

Weight of 

4* distillate. 

No. of distillate. Grams. Index of refraction. 

1 . IO.44 1.38191 

2 ... 12.12 1.38280 

3 .„•. II.52 1.38470 

4 . 11.56 1.38499 

5 . It.46 1.38965 

6 ... XI.80 X.39313 


Molar % 
acetone. 

87.68 

87.20 

86.xo 

85.95 

83.22 

8 x.xt 
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Table XXXVII. 

Combined 


Combined 


Distillates 

compo- 
Combined sition. 
weight. (Molar % 

Distillates 

compo- 
Combined sition. 
weight. (Molar % 

combined. 

Grams. 

acetone.) 

combined. 

Grams, acetone.) 

No. 1. 

.. 10.44 

87.68 

No. 6. 

... 11.80 

81.11 

Nos. 1+2. 

22.56 

87.42 

Nos. 6+5. 

23 26 

82.10 

83.43 

Nos. 1+2+3. 

.. 34.08 

86.98 

Nos. 6 + 5+4. 

... 34.82 

Nos. 1+2+3+4. 

.. 45.64 

86.72 

Nos. 6+5+4 + 3. 

... 46.34 

84.10 

Nos. 1+2 + 3+4+5. 

.. 57.10 

86.03 

Nos. 0+5+4+3+2. 

... 58.46 

84.75 

Nos. 1 +2+3+4+5+6... 

.. 68.90 

85.20 

Nos. 6+ 5+ 4+3+2 + 1.. 

.... 68.90 

85.20 


Original mixture (refractive index » 1.42767). 57.15% acetone 

Corresponding vapor (by extrapolation). 88.30% acetone 

Residue (refractive index — 1.45463) . 35.43% acetone 

Corresponding vapor (by extrapolation). 80.15% acetone 

Table XXXVIII.— Run F. 


No. of 

Weight of 
istUlate 

Index of 

Molar % 

distillate. 

ms. 

refraction. 

of acetone. 

I. 

. 4-58 

1.39302 

8 l. 16 

2. 

. 5-71 

1.39574 

79 49 

3 . 

. 3-85 

I 39943 

77.18 

4 . 

. 5 • 80 

1*39943 

77.18 

5 . 

. 344 

I .40041 

76 -.54 

6 . 

. 3 • 80 

I .40247 

75-19 


Table XXXIX. 

• 



Distillates 

Combined 

weight. 

Combined 
composition. 
(Molar % acetone.) 

combined. 

Grams. 

No. 1. 

. 4.58 

81.15 

Nos. 1+2. 

. 10.29 

80.23 

Nos. 1+2+3. 

. 14.14 

79.41 

Nos. 1+2+3+4. 

. 19.94 

78.77 

Nos. 1+2+3+4+5. 

. 23.38 

78.44 

Nos. 1 +2+3+4+5+6. 

. 27.18 

77.99 

Original mixture (refractive index « 

1.45143). 

. . 38.29% acetone 


Corresponding vapor (by extrapolation). 81.1 

The residue in this case could not be analyzed. 

Table XL.—Run G. 


No. of 
distillate. 


Weight of 
distillate. 

Index of 

Molar % 

Gt<ims. 

refraction. 

of acetone. 

.. 304 

l.42067 

62 .40 

.. 4.27 

I.42267 

60.92 

.. 5.53 

I.42762 

' 57.18 

.. 4.74 

I.43197 

53-83 

•• 4-33 

1.43518 

51.33 

• ■ 579 

1.43994 

47.55 

Table XLI. 




Combined 

Distillates weight, 

combined. Grams. 

No. 1. 3.04 

Nos. 1+2. 7.31 

Nos. 1+2+3. 12.84 . 

Nos. 1+2+3+4. 17.58 

Nos. 1+2+3+4+5. 21.91 

Nos. 1+2+3+4+5+6. 27.70 

Original mixture (refractive index -» 1.47359). 18.70% acetone 

Corresponding vapor (by extrapolation). 63.60% acetone 


Combined 
composition. 
(Molar % acetone.) 
62.39 
61.54 
59.68 
58.14 
56.83 
54.95 
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The residue in this case could not be analyzed 


Tabus XUI —Run H 



Weight of 
distillate 


Molar % of 

No of distillate 

Grams 

Index of refraction 

acetone 

I 

5 36 

I 44386 

44 38 

2 

3 86 

I 44838 

40 70 

3 

■> 99 

1 45233 

37 37 

4 

•> 90 

l 45547 

34 72 

5 

4 94 

1 43898 

31 70 

6 

6 64 

1 46340 

27 88 



Distillates 

combined 


TablB XUII 

Combined Combined 

weight composition 

Grams (Molar % acetone ) 


No 1 
Nos 14-2 
Nos 14-24 ‘l 
Nos r4-24*34 4 
Nos 14-2 4-14-4 4-5 
Nos 14-24-34-44-54-6 


5 36 

44 38 

9 22 

42 85 

15 21 

40 73 

21 11 

39 08 

26 05 

37 71 

32 69 

35 78 


Original ratxtdr* (refractive index — 1 48221) 10 77% acetone 

Corresponding vapor (by extrapolation) 44 90% acetone 
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The residue in this case could not be analyzed 

The results of all measurements in the case of acetone— toluene are ex¬ 
hibited by the curves of Kig 6 


Section IX.—Results for Ethyl Iodide - Ethyl Acetate. 

Taut k XLIV —Rt n A 





Weight of distillate 

Index of 




No of distillate 


Gr ims 

refraction Molar 

% of CiHtl 


I 


14 21 

t 38261 

12 78 



2 


II 90 

I 382*6 

12 64 



3 


12 56 

I 38210 

12 28 



4 


12 50 

I 38167 

11 86 



5 


13 13 

I 38133 

11 55 



6 


11 66 

I 38106 

11 28 



7 


12 6 1 

1 38053 

10 76 





1 Alibis XLV 







Combined 


Combined 




compo 


Com 

compo 



Combined 

sition 


bined 

sition 

Distillate* 

weight 

(MoDr Distillates 


weight 

(Molar % 

combined 

Grams 

*** C 3 II 1 I ) combined 


Grams 

CtILI) 

No 

1 

14 'M 

12 78 No 7 


12 62 

10 76 

Nos 

142 

^6 1 1 

12 r> Nos 7 K 


24 28 

11 01 

Nos 

H2U 

is a 

12 57 Nos 7+6+ 5 

17 4 1 

11 20 

Nos 

1 +21144 

si i/ 

12 40 Nos 7 1 6+H 4 

49 91 

11 36 

Nos 

1 + M 3+44 5 

64 10 

12 1 Nos 7 \6 \ 5 | 4 45 

62 47 

11 55 

Nos 

H * M 1 4 1 5 4 f 

75 *)( 

12 08 Nos 7+6 | 5 { 4 + H > 

74 M 

11 72 

Nos 

1+2 1 14 4 +5+6+ / 

88 58 

11 80 Nos 7+64 5 4 4 1 S \ *> } 1 

88 58 

11 89 


Original mixture (icfrattive index 1 178 5) 

9 01 

t sltil 



Corrt ponding vapor (by extrapolation) 

12 

1 * 11*1 



Residue (refractive index *- 

1 17678) 

7 05' 

C.HsI 



Corresponding vapor (by extrapol ttion) 

10 4 > o 

CallsI 




Table XIVI Run 

B 







Weight of distillate 

Index of 




No of distillate 


Gr ms 

rt frat lion 

Molai % of CtHiI 


I 


IO 93 

1 39*67 

21 26 



2 


16 39 

I 39158 

21 15 



3 


14 03 

1 39080 

20 47 



4 


14 64 

1 39023 

19 94 



5 


15 64 

1 38956 

19 35 



6 


19 62 

1 38870 

18 55 





Table XLVII 







Combined 


Combined 




compo 



compo 



C otnbined 

1 sition 


Combined sition 

Distillates 

weight 

(Molar % Di tiJlatcs 


weight 

(Molar 

combined 

Grams 

CtHsI) combined 


Grams ' 

f CtHiI ) 

No 

1 

10 93 

21 26 No 6 


19 62 

18 55 

Nos 

1 1 2 

27 32 

21 19 Nos 6 + 5 


35 26 

18 91 

Nos 

1+2 + 3 

42 95 

20 93 Nos 6-t-5 + 4 

49 90 

19 21 

Nos 

1+2+344 

57 59 

20 68 Nos 6 + 5+44 3 

65 53 

1951 

Nos 

1+2+3+4+5 

71 23 

20 39 Noe 6+5+4+1+2 

81 92 

19 83 

Nos 

1+2+3+44 5+6 

92 85 

20 00 Nos 6 + 54 4 + 3+2 + 1 *>2 85 

20 00 


Original mixture (refractive index ■* 1 38589) 


15 90% C«H»I 



Corresponding vapor (by extrapolation) 


21 75% CtHiI 



Residue (refractive index - 

1 38242) 


12 59% CtHiI 



Corresponding vapor (by extrapolation) 


18 00% CtHiI 
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Tabus XLVIII —Run C 



No of distillate 


Weight of distillate 
Grams 

Index of 
refraction 

Molar % of C«U*I 


1 


l6 

59 

I 4OZI9 

29 74 



2 


16 

88 

I 40070 

29 31 



3 


14 76 

I 39992 

28 63 



4 


12 

29 

J 39943 

28 21 



5 


16 

91 

1 39884 

27 68 



6 


15 

49 

I 39802 

26 96 





Tabus XXIX 







Combined 




L ombmed 

Distillates 
t ombtned 

compo 
Combined sition 
weight (Molar 
Grams % C1H1I) 

Distillates 

combined 


compo 
Combined sition 
weight (Molar 
Grams % C»H*I) 

No 

1 

16 59 

29 74 

No 6 


15 49 

26 96 

Non 

14 2 

33 47 

29 52 

Nos 6 + 5 


32 40 

27 33 

Non 

14243 

48 23 

29 25 

Nos 6 + 54 4 

44 69 

27 57 

Non 

14-24*3+4 

60 52 

29 04 

Nos 6+5+4 + 3 

59 45 

27 84 

Nos 

1+2+3+4 + 5 

77 43 

28 74 

Nos 6+5+4+3+2 

76 33 

28 16 

Nos 

l + 2 + 1+4+5 +6 

92 92 

28 44 

Nos 6+5+4+3+2+1 

92 92 

28 44 


Original mixture (refractive index - 1 39390) 

23 

26% CtH»I 



Corresponding vapor (by extrapolation) 30 10% CtH*I 

Residue (refractive index - I 39013) 19 87% CsHiT 

Corresponding vapor (by extrapolation) 26 42% C«HiI 


The results in the case of ethyl 
30 / iodide--ethyl acetate are exhibited 

/ by the curve of Fig. 7, in which 

/ the abscissae show the composition 

/ of the hquid and the ordinates that 

/ of the corresponding vapor Owing 

/ to lack of material, only three runs 

/ were made m this case, yielding six 

/ points, within a range of about 25% 

' / of iodide in the liquid phase. 

/ Section X.—The Boiling Tempera- 

/ tures of the Mixtures. 

L -^^ The boiling point curve of mix- 

Fig 7.—Ethyl iodide—ethyl acetate tureS ° f , C “ boa , disulfide “ d «**»" 
Abscissae » molar per cents ethyl iodide tetrachloride, shown in Fig. 3, is 
m liquid . based on measurements (under 760 

Ordinatgp » molar per cents ethyl iodide mm.) reported in an older communi- 
m vapor * cation. 1 The curves for chloroform— 

toluene (Fig. 5) and acetone—toluene (Fig. 6) reproduce observations tabu¬ 
lated below. In the course of these observations, carried out with the aid of 
an Oddo ebullioscope and standardized thermometers, the barometric 
pressure varied irregularly within one or two millimeters No measures 
were taken to avoid this, since such variations of pressure could have no 
appreciable influence on the composition df the vapors. 

1 Roaanoff and Basley, hoc. cU u p. 98a. 
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Table L —Boiling 

Points of 

Table LI - 

-Boiling Points of 

Mixtures of Chloroform and 

Mixtures 

of Acetone and 

Toluene. Bar 

Pressure, 

Toluene 

Bar Pressure, 

743.7 **= 2 iwm 


751 3 *02 mm 

Molar % CHCla 

Boiling point 

Molar % (CHi)tO 

Boiling point 

O 

108 92 ° 

0 

109 43° 

7 86 

103 58 

14 99 

88 28 

15 96 

98 72 

34 63 

74 93 

25 46 

93 38 

51 42 

68 77 

34 64 

88.30 

65 98 

64 37 

43.33 

83 94 

78 71 

61 22 

54-44 

78 17 

89 99 

58 71 

64 66 

73 65 

100 

56 50 

74 70 

69 67 



86 34 

65 35 



100 

61 33 




Summary. 


A method and apparatus are described for determining the composi¬ 
tion of vapors in equilibrium with liquid mixtures; the method is rapid 
and requires no special experience on the part of the manipulator. Also, 
results of measurements are given for the following four cases. Carbon 
disulfide—carbon tetrachloride, chloroform—toluene, acetone—toluene, 
and ethyl iodide—ethyl acetate. These data were needed here in con¬ 
nection with a study of fractional distillation, and the measurements were 
therefore earned out isopiestically, under ordinary atmospheric pressure. 

It is a pleasure to gratefully acknowledge that the work described in 
this communication was rendered possible by a grant from the Rumford 
Fund of the American Academy of Arts and Sciences 

WORCHSTSK. MAM 


[Contribution from the W Gibbs Memorial Laboratory of Harvard Univer¬ 
sity.] 

THE FREEZING POINT OF BENZENE AS A FIXED POINT IN 
THERMOMETRY. 

By Thbodorb W. Richards and John W Shjplby 
Received July 3. 1914 

The transition temperatures of hydrated crystalline salts probably 
afford the most convenient and exact means of fixing points on the thermo¬ 
metric scale between o° and ioo° C. A number of these have been de¬ 
termined in this laboratory, chief among which are the transition tempera¬ 
ture for sodium sulfate, 1 the dekahydrate of sodium chromate into hexa- 
hydrate and into tetrahydrate,* the dihydrate of sodium bromide into the 
anhydrous salt, 8 the transition of manganese chloride from the tetra- 
1 Richards, Am. J. Set. (1898); Richards and Wells, Proc Am Acad., 38,431 (1903). 
* Richards and Kelley, Ibid , 47, 171 (1911); This Journal, 33, 847 (19x1) 

8 Richards and Wells, Proc . Am. Acad , 41, 433 (1906). 
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hydrate into the dihydrate, 1 and the transition of dekahydrated sodium 
carbonate into the heptahydrate. 2 These points are perfectly definite, 
subject to no appreciable change by ordinary changes in atmospheric 
pressure, and usually involve considerable latent heat of transition. Most 
of them are easily reproducible. For these reasons they are very useful 
in calibrating thermometers. 

The U9e of the freezing points of liquids for determining fixed points on 
the thermometric scale probably comes next to transition temperatures 
in regard to convenience. Freezing points, like transition temperatures, 
are more constant than boiling points, because the influence of change in 
atmospheric pressure is usually negligible O11 the other hand, however, 
the purity of the substance chosen becomes a very important issue. 1 
Most liquids (except water and mercury) are very difficult to prepare in 
a pure state; and volatile impurities which scarcely affect the boiling point 
may very seriously change the freezing point. For this reason, the transi¬ 
tion temperatures of pure salts are often preferable, such a substance 
as sodium sulfate is very easily purified by crystallization. 

In other respects the errors to which the two types of equilibrium are 
subject are very similar. Both are liable to supercooling or superheating 
in the hands of the incautious experimenter, but in both, these sources 
of error are easily and completely eliminated by the use of plenty of each 
phase concerned* by proper protection of the system from gam or loss of 
heat with the help of an air-jacket and a like surrounding temperature, 
and by adequate but not too violent stirring. In both, the point is sharper 
and more accurate the greater the latent heat of melting. This is not only 
because outside heating or cooling is more quickly taken up, when this is 
large, but also because the influence of foreign substances on the freezing 
point is inversely proportional to the latent heat of fusion, provided that 
the crystals are uncontaminated by solute. This is expressed by a trans¬ 
position of the well-known equation of van’t Hoff, AT = RT 2 /M wl, which 
gives the depression produced by 1 gram of dissolved substance of molecular 
weight M dissolved in w grams of solvent having a latent heat of fusion 
l per gram. The following table, therefore, shows that, whereas benzene 
is a good substance for this purpose, such substances as cyclohexane and 
cyclohexanol (especially the latter) are very unsuitable. 

Latent Heat op Fusion op Four Substances 
Watet 79 8 cal per gram 

Benzene 30 1 cal per gram 

Cyclohexane . 8 8 cal per gram 

« Cyclohexanol 2 94 cal per gram 

1 Richards and Wrede, Ibid , 43, 343 (1907) (Univ of Berlin) 

• Richards and Fiske, This Journal, 3d, 486 (1914) 

• i*ndolt, “Ober die genaue Bestunniung des Schmelzpunktes organischer Sub- 
stanzen/' Z. physik. Chm , 4, 349 (1889). 
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The presence of 0.001% of water lowers the freezing point of cyclohexanol 
by 0.02 V whereas the same amount of this impurity affects the freezing 
point of benzene by less than 0.002 °. 2 

Another property adds to the satisfactory nature of benzene for this 
purpose, namely, the possibility of freeing it from most of its impurities 
by fractional crystallization or freezing. Thiophene, it is true, cannot be 
separated in this way, but this impurity may easily be removed chemically. 
On the other hand, paraffin hydrocarbons, olelines, acetone, and most 
other impurities are quickly eliminated from the successive crops of crystals. 

The fact that the melting point of these crystals is 5.5 0 above that of 
water—just the length of the usual Beckmann scale - makes it an especially 
useful fixed point, for, with the help of these two melting points, any such 
thermometer may be easily standardized, and then, with the help of the 
well-known correction factor, used with confidence at any other tempera¬ 
ture—provided that due precautions be taken for correcting the result 
for the temperature of the exposed thread. 

For these reasons it seemed to us worth while to make a careful study of 
this point, especially because the published work of others is conflicting 
with regard to it. Paterno 3 gives three values, 5.53°, 5.55 °, and 3.48°, 
while Lachowicz 4 gives 5.42 °, and Young, 6 5.58°. The discord among 
these and other values is probably due to inaccurate thermometry. 

As many of the observers were principally concerned with the purity 
of their benzene rather than with its absolute freezing point, the constancy 
of the melting temperature and not its exact value was all that was needed, 
but of course for other purposes the exact point must be known. 

, Dr. F. Barry, in 1910, and Dr. H. S. Davis, in 1913, under the direction 
of one of us, prepared benzene in a very pure state in order to determine its 
heat of combustion as a standard of comparison for other organic substances. 
Their final values, as determined by our best thermometers, were 5.484° 
and 5.486°, respectively. These results were entirely independent, as 
the necessary corrections had not been applied to the earlier thermometric 
readings when the later ones were made. Both experimenters determined 
the ice point on standard thermometers immediately after taking the 
melting point of the benzene. Neither of these investigations have as 
yet been published, but they will soon appear in print. 

From this earlier work it was apparent that the true freezing point of 

1 Richards and Shipley, in a research as yet unpublished. 

1 Hertz, Ber., 31, 2669 (1898). 

* Paterno, Gasz. chim. ital. , 27, 1 , 481-536 (1897). 

4 Lnchowicz, Ber., 21, 2206 (1888). 

•Young, Proe. Roy. Soc. Dublin, 12, 31, 385 (1910); Trans. Chem Soc., 40, 486 
(1899). Professor Young, in private correspondence, has stated that not much pains 
had been spent upon thermometric precautions in his work. We are much obliged to 
him for the trouble he has taken in consulting his original records. 
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benzene probably lies between 5.48° and 5.50° with indication of the value 
5.485°; yet more exhaustive work was needful in order to permit its use 
as a fixed point in thermometry. For this purpose we deemed it advisable 
to obtain benzene from two entirely different sources. Commercial 
"c. p.” benzene procured from the distillation of a Pennsylvania coal- 
tar was the starting point for one preparation, and another specimen con¬ 
sisted Of benzene prepared synthetically from benzoic add by a well- 
known German firm. The two samples were carried through the same 
process of purification as follows: 

(а) About 600 cc. of the benzene were shaken with dean mercury. No 
darkening of the surface of the mercury was observed. 

(б) The benzene was next shaken on a shaking machine (about 2.5 
hours each time) with six successive quantities of concentrated sulfuric 
add. The add was deeply blackened by the first four treatments, indi¬ 
cating the presence of substances charred by the action of strong acid, but 
the last two showed only a slight yellow coloration. 

( c ) The benzene was next washed with two quantities of water and then 
shaken out with a concentrated solution of sodium hydroxide, followed 
by two more washings with water. 

(d) Following this came another shaking out with mercury for about 
four hours. A considerable blackening of the surface of the metal was 
observed. 

(e) After washing several times with water, the benzene was dried over 
caldum chloride and sodium and distilled. Almost all of the product 
came over within 0.05 °; that fraction distilling between 80.15° and 80.18° 
(uncorrected) was preserved for further purification. 

(J) The benzene was next recrystallized in porcelain, the coal-tar product 
six times, the synthetic five, and the fractions were preserved over sodium 
in glass bottles kept in the dark. The sodium was freshly cut and allowed 
to stand for some time in the mother liquor of the second crystallization 
before being put through the sodium press. 

Before determining the freezing point of the purified samples of benzene, 
the excellent Beckmann thermometer ter be used was carefully compared 
with a standard instrument, Baudin No. 15200, which had been standard¬ 
ized by the Bureau International des Poids et Mesures in Paris, and fre¬ 
quently used for the most accurate thermometric work in this laboratory. 1 
The Beckmann thermometer (P. T. R. 31827) was graduated in hundredths 
and covered a scale of six degrees, the length of a degree being 3.8 cm. 
It had been calibrated by the Physikalisch-Technische Reichsanstalt, 
Berlin, in 1907.. The comparison of the instruments was carried out in 
collaboration with Dr. T. Thorvaldson, to whom we wish to express our 
gratitude for his kind assistance. The thermometers were compared at 
1 See Proc. Am. Acad., 38, 434 (1963); Z . phytik. Cham., 443,467 (1903)* 
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two points: the ice point of benzene and the ice point of water. The ben¬ 
zene used was commercial c. p. benzene distilled and dried over sodium. 
Since the determinations were for comparative purposes only, the purity 
of the benzene was not yet in question, but the ice point of water was, 
of course, carefully determined immediately afterwards under precisely 
parallel conditions. 

The readings were taken immediately after vigorous stirring of the mix¬ 
ture and the two thermometers were read practically simultaneously. 
The measurement of the temperatures was carried out in accordance With 
the precautions pointed out by one of us in a recent publication. 1 

In this way it was found that a range of 5.125 0 on the Beckmann corre¬ 
sponds to 5.104 0 as read on the corrected standard Baudin; or i.ooo 0 
as read on the former over this range of temperature corresponds to 0.9958° 
on the hydrogen scale. This was essentially the value given by the Reichs- 
anstalt for this thermometer under these conditions. 

The Beckmann apparatus was used in the freezing point determinations, 
about 30 g. of substance being employed. The apparatus was swept with 
a current of air dried with sulfuric acid and the benzene was distilled di¬ 
rectly into the apparatus through the side tube, the thermometer sjtd stirrer 
being already in place. The first third of the distillate was rejected. 
During the distillation, as well as during the determination, a slow current 
of dry air was allowed to pass in through the side tube, thus preventing 
the access of moisture from the atmosphere. Such contamination was 
especially liable to happen during the operation of stirring. The benzene- 
ice was present in varying quantities and conditions. The most satis¬ 
factory mixture was obtained by subcooling the liquid several degrees, 
and then, by vigorous agitation, producing a large crop of finely divided 
crystals. It was found, however, that so long as plenty of crystals were 
present, the outside bath was not too cold, and adequate stirring was 
employed, the same constant freezing point was obtained with both finely 
divided and large crystals. The purity of the benzene was indicated by 
the constancy of the freezing point with diminishing proportion of mother- 
liquor, as the freezing progressed. Great constancy whs observed in the 
fifth and sixth crystallizations of the coal-tar product, and in the fourth 
and fifth of the synthetic benzene. 

Immediately after determining the freezing point of benzene, the ice 
point of water was taken in the same apparatus. Freshly distilled water 
was boiled and frozen under a variety of conditions; constant results 
were obtained with the same precautions as in the case of benzene; and 
this outcome was confirmed by the immersion of the instrument in a large 
bath of pure ice and water. 

1 Richards, “The Measurement of Temperature in the Operations of Analytical 
Chemistry," Orig. Comm . 8 th Congress of Applied Chem., 1912. 
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Hie ice points of water and benzene were thus observed in the same ap¬ 
paratus in the same way and with the same depth of immersion of the bulb 
and the same length of mercury column exposed to room temperature. 
The only stem correction necessary was that for the difference between 
the room temperature and the temperature of the freezing point of benzene, 
applied to the number of degrees between the ice point of water and of 
benzene. 

The samples used in each trial were as follows. 

A Coal-tar benzene, 5th reerystallization 
B Coal-tar benzene, 6th recrystallization 
C Synthetic benzene, 4th reerystallization 
D Synthetic benzene, 5th reerystallization 
E Coal-tar benzene, 5th reerystallization 


Table 

I summarizes the 

results 

with the 

Beckmann 

thermometer 

». T. R. 

No 31827. 







Tabi,e I 




Constant Beck 

Ice 


Total 

True 

Sample 

mann reading 

point 

Difference 

correction 1 

temp 

A 

5 822 

O 300 0 

5 522 

—O 038 

5 484° 

B 

5 821 

O 300 0 

5 521 

—O 038 

5 483° 

C 

5 772 

O 249 0 

5 523 

—O 038 

5 485° 

D 

5 772 

O 249 ° 

■5 523 

—O 038 

5 485° 

E 

5 76 o 

O 237 ° 

5 523 

—O 038 

*5 485° 


Average - 5 484° 

Trials A and B were made on the same day, C and D were made about 
four weeks afterward, and E was made yet three weeks later. These 
tests show: first, that the coal-tar material (A, B and E) was essentially 
identical (at least as regards melting point) with the synthetic material, 
and secondly, that further reerystallization caused no change in the value 
Hence, the presumption is that these results give the true value correspond¬ 
ing to the pure substance. 

Although these results are very concordant and indicate that the freez¬ 
ing temperature of benzene affords an accurate point for thermometric 
work, it was deemed advisable to take a senes of observations directly 
on a Baudin standard instrument, in order to verify the absolute value 
of the above series of results. A shorter wide test tube was substituted 
for the inside tube of the Beckmann apparatus, and through the cork of 
this test tube passed the Baudin thermometer, No. 15200, and a narrower 
tube for the stirrer. This latter had a side arm, through which a current 
of dry air passed during the determination. The tube was submerged 
in the cool outside bath to within 0.5 cm. of the bottom of the cork, and the 
1 This correction was 111 each case — 0023 for the fundamental interval (1 ooo° 
on the thermometer « o 9958 true degrees) and —o 015 for the 5 50 stem exposed to 
the constant room temperature 23° or —o 038 m all 
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reading of the Baudm was made through the glass almost at the surface 
of this bath By this means the necessity for any stem correction was 
obviated The ice point of water was taken immediately afterwards 
m the same apparatus with the same precautions Four determinations 
were made on three successive days, the last two being made on the same 
day The readings were verified 111 each case by Dr Ihorvaldson In 
lable II, each observed reading listed p the average of a number of inde¬ 
pendent observations not varying between theextremesby more thano 003 0 
The barometer readings for three days varied by only 3 nun , the readings 
being 763 mm , 762 mm , and 7O5 mm, respectively Since the bulb of 
the thermometer was immersed to the same depth in each determination, 
the effect of the exterior pressure was identical in all four cases The con¬ 
ditions of the experiments were so chosen that all other corrections were 
necessarily invariable 

Tabit II 

Corrections to be Applied 





At in. poiul buuem 

At ice point water 


Calibration 


I O 0.3 

4-0 002 


Interior picssure 


+0 015 

4-0 009 


rxttnor prcssuK 


—O OOl 

—0 

00 


Fund iniental inti 1 val 


*■ O 004 

sfco 

000 


Stem 


^*=0 OOO 


OOO 


Tot il correction 


4-0 041 0 

4-0 

OIO 


I mil Reidings Observed and Corrected 



Ben/im 

Water 


Deter 

Obs»trvtd melt 


Corr Observed 


Con- 

nunation 

mg point 

Corr reading ice point 

Corr 

reading 

r 

4 5 688 ° 

H 0 

041 0 5 729 0 O 208 0 

0 OIO 

O 2l8 Q 

G 

5 686 

+0 

<Hi° 5 727 ° 0 207° 

0 OIO 

0 217 0 

H 

5 688° 

-to 

041 0 5 729° 0 -07° 

0 OIO 

0 217 0 

I 

5 689° 

+0 

041 0 5 730° O 207 0 

O OIO 

0 217 0 


Benzene 


Water ice 


F pt 

Deter 

melting point 

point corr F pt 

Hyd scale 

benzene 

mutation 

1 Lorr reading 

reading benzene 

ion 

byd scale 

F 

5 729 ° 


O 218° 5 511° 

—0 030 

5 48 i° 

G 

5 727 ° 


0 217 0 5 5*0° 

—O 030 

5 4So° 

H 

5 729 ° 


0 217° 5 5 * 3 ° 

—O 030 

5 482° 

I 

5 730 ° 


0 217 0 5 513 ° 

—O 030 

5 483° 


Averages 5 482 0 


This compares very satisfactorily with the values previously found, as 


follows 

Average 

values 

Variation 
from mean 

Maximum variation 
between extremes 

Beckmann 

5 484° 

O 001 

O 002 

Baudm 

s 482- 

0 002 

O 003 
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The true freezing point of benzene may then be safely taken as 5.483°. 
This is only 0.001 0 different from the result of Barry, and 0.003 0 different 
from the latest and best trials of Davis. 

The wide deviations of others are probably to be referred chiefly to 
doubtful thermometry, for benzene is evidently not very difficult to obtain 
in a pure state. 

These experiments show that the freezing point of pure benzene, 5.483°, 
is attained so easily that it may be used as a very satisfactory fixed point 
in thermometry; and taken in connection with the freezing point of water, 
about 5.5 0 below, may afford an excellent means of fixing two points on a 
Beckmann thermometer. 

The authors are glad to express indebtedness to the Carnegie Institution 
of Washington for generous support in this investigation. 

Summary. 

The results of this research may be summed up as follows: 

(1) Benzene pure enough for the purpose in hand is not difficult to 
prepare. 

(2) With due precautions in the thermometric measurements a very 
definite freezing point is given by benzene. The true value is determined 
by constancy after repeated fractional crystallization. 

(3) The freezing point of benzene is 5.483 0 =*= 0,002 0 on the international 
hydrogen scale. 

(4) This fixed temperature may be advantageously used, in connection 
with the ice point of water, for calibrating Beckmann thermometers. 
Especial attention must be paid to the temperature of the exposed column 
in correcting this interval for use at other temperatures. 

Cakrridor. Mm 


[Contribution from the Chemical Laboratories of Clark University ] 
ON THE ABSORPTION OF GLUCOSE BY BONE-BLACK. 
[preliminary communication.] 

By Harold A. Morton. 

In connection with a study of the mutarotation and specific rotatory 
power of the sugars, I have been obliged to purify a considerable quantity 
of glucose. Using bone-black as a decolorizer, I observed that a surpris¬ 
ingly large quantity of the sugar was extracted by the bone-black from 
the aqueous solution. It appeared interesting to investigate the phe¬ 
nomenon systematically, the question being whether the partition of 
the sugar does not follow some simple principle, like the distribution law. 

Preliminary experiments soon indicated that at ordinary temperatures 
the process of absorption is exceedingly slow, and that, to obtain results 
within a reasonable time, it would be best to employ a temperature of 
about 8o°. In the experiments described below, a Freas constant tens* 
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perature oven was employed. The tubes containing the mixtures were 
kept within the oven in a large bath of water covered with 
a layer of oil. In this manner it was possible, throughout the 
experiments, to maintain a temperature of 80 6°, the variations from 
which at no time exceeded 0.2 0 . The glass tubes in which the experi¬ 
ments were carried out had a capacity of about 35 ce. Into each tube 
was introduced a carefully weighed amount (about 3 5 g.) of bone-black 
and a measured volume (in most cases 23 cc.) of sugar solution. The 
tube was then sealed off, the bone-black more or less evenly distributed 
throughout the solution by gentle tapping, and the tube placed hori¬ 
zontally in the bath. In some cases two, in others three, tubes 
of the identical make-up were used, to permit of testing the attain¬ 
ment of equilibrium by abandoning the tubes for different lengths of 
time. Preliminary experiments had indicated that as 80 0 equilibrium 
is not attained in less than six days, and consequently, as the tables show, 
none of the tubes were removed for examination in less than this time. 
In most cases equilibrium was attained after about ten days of heating. 

Ordinary distilled water was employed without further purification. 
The sugar was purified by recrystallization of pure anhydrous glucose 
from water at ordinary temperatures; the resulting monohydrate, after 
being air-dried, was used as such for making up solutions of approximately 
the desired strength. The exact strength of the solutions was then de¬ 
termined polarimetrically on the basis of Tollens’s measurements. 1 

Preliminary experiments having indicated that no commercial bone- 
black could be relied on to be sufficiently pure, Kahlbaum’s best bone- 
black was subjected to a somewhat laborious process of purification. 
It was first stirred for several h 'urs in a large volume of nearly boiling 
2% nitric acid, then the process was repeated with a fresh lot of nitric 
acid, next the bone-black was similarly treated with 2% solutions of 
sodium carbonate, and finally all soluble salts were thoroughly washed 
out by stirring with large amounts of distilled water. On filtering off 
the last wash-water, the mass was carefully dried. , 

After the requisite time of heating in the thermostat, each tube wasopened 
and its contents filtered through a layer of asbestos in a Gooch crucible, 
care being taken not to lose any of the filtrate, which was weighed. In 
this manner it was learned what weight had been lost by absorption in 
the bone-black. The filtrate being thereupon analyzed polarimetrically, 
it further became clear how much sugar and also how much water had 
been taken up by the bone-black. The method is obviously not very 
precise, for in spite of all effort a certain amount of the solution was partly 
lost, partly retained mechanically by the bone-black, but fortunately 
the inaccuracy has not been such as to obscure the law which apparently 

1 Tottens. Ber.. o. 1535 (1876). 
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Series \ Senes VI Senes VII 

Tube No Tube No Tube No 

I II III I II I II III 

Weight of bone-black 3 51 3 53 3 52 3 51 3 51 3 52 3 52 3 52 

Original weight of solution 26 49 26 42 26 58 27 43 27 62 28 21 28 49 28 37 
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governs the results. The analyses were carried out with the aid of an ex¬ 
cellent Lippich saccharimeter made by Schmidt and Haensch. The 
Ventzke degrees originally read off were changed into circular degrees, 
and, further, all angles given in the tables are based on readings obtained 
with a 2 decimeter tube. 

The concentrations of the seven series of glucose solutions studied 
ranged from 4.63% to 50.58%, so that the regularity exhibited by the 
results can hardly be accidental. The results are fully reproduced in the 
tables, which will explain themselves. 

The results of Series I to VII in Table I would seem to indicate that 
the absorption of glucose from aqueous solution follows a principle very 
like the distribution law. In these preliminary experiments, it was not 
possible to undertake a determination of the specific volume of the bone- 
black after it had taken up sugar, in order to ascertain the volume-con¬ 
centration of sugar in the bone-black. The distribution law in its ordi¬ 
nary form could, therefore, not be tested. On the other hand, it was 
possible to compare the ratios of the weight of sugar per gram of solution 
to that per gram of bone-black in the several experiments. The results 
are summarized in Table II, which shows that those ratios are practically 
equal for the entire range of concentrations studied . Thus the distribution 
law seems to hold true here in some approximate form. 


Tabus II. 


Original concentration 
of aqueous solution. 

Cl 

Ct 

Cl/ct. 

Per cent. 

(In liquid). 

(in solid). 

4.63 

O.O360 

O.IX2 

(0.32) 

13-34 

O.II44 

0.254 

0.45 

17-75 

0.1572 

0.341 

0.46 

22.51 

0.2024 

0.431 

0.47 

34.42 

O.3165 

O.656 

0.48 

44 33 

O.4115 

0.909 

0.45 

50 58 

0.4738 

1.075 

0.44 


Mean, 0.46 

The distribution constant 0.46 expresses the curious fact that when 
equilibrium has been attained the amount of sugar contained in a gram 
of bone-black is more than twice as great as that contained in a gram of 
solution, which wpuld scarcely be expected. 

But the data contained in the above tables indicate further that the 
bone-black had taken from the solutions, not only part of their glucose, 
but also part of the water. Thdt the solution is not taken up by the bone- 
black without change, is shown by the observed change in rotation of the 
solutions. Table III shows the relative amounts of glucose and water 
in the bone-black and in the aqueous solution. The weight of glucose 
per 2 g. water in the bone-black is denoted by the symbol c\\ the weight 
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of glucose per 1 g of water in the solution is denoted by c\ Leaving out 
of account the most dilute solution (Senes I), the ratios c\/c\, shown 
by the last horizontal hue m the table, may probably be considered as 
constant within the errors of expenment However this be, the value of 
the ratio indicates that the solution within the bone black is at least 
twice as concentrated as the outside solution 


Table III 

Series No 



' I 

11 hi 

IV 

V VI 

VII 

Grams glucose m final 
solution 

Grams water in final so* 

0 691 

2 3H 3 191 

4 129 

6 836 9 053 

10 566 

lution 

Glucose per gram of 

18 5 

18 1 17 1 

16 3 

14 8 12 95 

11 73 

water in the solution 
(c' 1) 

0 037 

0 129 0 186 

0 254 

0 463 0 699 

0 900 

Grams glucose in bone 
black 

Grams water in bone 

0 389 

0 902 1 193 

I 499 

2 320 3 182 

3 799 

black 

Glucose per gram of 

3 7i 

3 00 3 21 

3 10 

2 68 2 42 

2 30 

water in the bone- 
black (c',) 

0 105 

0 301 0 372 

0 484 

0 865 1 316 

1 65 

Glucose per gram 






of water m 
bone-black (c\) 

(2.8) 

a.3 2.0 



1.8 

Glucose per gram (c'O 

1 9 

19 1.9 

of water in so¬ 
lution 






It finally seemed interesting to inquire whether 

bone-black does not 

taka up water according to some principle similar to that followed by its 

absorption of glucose 

Table IV shows this to be the case. 




Table IV 




Wc 

Grains water per 1 g 
of bene black 


Ws 

Grams water per l g 
of solution 


Wc/Ws 


1 07 


0 96 


1 1 


O 86 


0 89 


1 0 


0 91 


O 84 


1 1 


0 89 


O 80 


1 1 


0 76 


O 68 


1 1 


0 69 


0 59 


1 2 


0 65 


0 52 


1 2 






Mean, 1 1 



It is my hope to continue these experiments under conditions permitting 
of greater precision of measurement^ and to extend them to a number of 
other substances 
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It is a pleasure to express my gratitude to Professor M. A. Rosanoff 
for a number of helpful suggestions in connection with this work. Indi¬ 
rectly my thanks are also due to the National Academy of Sciences, for 
the use of instruments placed at the disposal of Professor Rosanoff and 
his students by the Committee of the Bache Fund. 

WomcBBTSR. Mass 


(Contribution prom the Chemical Laboratory op the University op Illinois 1 

THE VOLUMETRIC ESTIMATION OF TITANIUM BY MEANS OF 
FERRIC CHLORIDE. 

By T R. Ball and G. McP Smith 
R eceived June 30 , 1914 

The tedious operations involved in the quantitative separation of tita- 
% nium from iron, aluminium, etc., render it desirable to find a convenient 
and reliable volumetric process for the direct determination of this element 
in the presence of the above mentioned substances. 

With this end in view, various processes have been proposed for the 
volumetric estimation of titanium. All of these are based upon the fact 
that titanic salts are under certain conditions capable of being reduced 
quantitatively to salts of trivalent titanium, which, in turn, may readily 
be oxidized back to the tetravalent condition; as oxidizing agents for 
this purpose have been proposed, potassium permanganate, methylene 
blue, and ferric salts. 

Owing to the difficulty experienced in titrating with permanganate 
in the presence of ferrous iron and hydrochloric acid, Wells and Mitchell 1 
reduce the iron in sulfuric acid solution with hydrogen sulfide, and then 
titrate the iron alone with potassium permanganate. In the resulting 
solution they reduce the iron and the titanium with zinc, after which both 
metals are titrated with potassium permanganate. The titanium is, of 
course, gotten by difference. According to the authors, the results are 
always somewhat low. 

In accordance with Wells and Mitchell, Newton 2 reduces the two methls 
in sulfuric acid solution with zinc, in an atmosphere of hydrogen. Then, 
however, in order to lessen as much as possible the oxidizing action of air 
on the solution during the subsequent operations, he adds an excess of 
ferric sulfate solution. In this way, the titanous sulfate present is at 
once oxidized at the expense of an equivalent quantity of the ferric iron, 
and the total ferrous iron in the resulting solution is titrated with potas¬ 
sium permanganate. 1 

1 This Journal: iy, 878 (1895). 

1 Am. J. Set ., 25,130 (1908). 

* According to either of these methods, it is necessary to correct for any iron which 
may he contained in the zinc. No such correction has to be made in the case of the 
methylene blue and ferric salt titration methods. 
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Neumann and Murphy 1 have recently investigated the use of methylene 
blue as an oxidizing agent for the direct titration of trivalent titanium 
in the presence of ferrous salts. In this case the methylene blue is decol¬ 
orized and is therefore its own indicator. While the results obtained are 
very exact, the end point of the titration is rather slowly attained and is 
recognized best in a solution heated nearly to boiling, whose volume is 
about 150 ce., and to which a very considerable proportion of concentrated 
hydrochloric acid has been added. Furthermore, the standard solution 
of methylene blue does not retain its strength; it must occasionally be 
standardized against known quantities of freshly reduced titanium, and 
this also detracts somewhat from the convenience of the method. 

K. Knecht, who first made use of titanous salts as reducing agents in 
organic chemistry, 2 has studied their action also upon certain inorganic 
salts. Knecht and Hibbert 3 have recommended the use of titanous chlor¬ 
ide solutions for the volumetric estimation of ferric iron. The reaction is 
indicated by the equation: 

FeCl 3 + TiCla = FeCl 2 + TiCU 

With potassium thiocyanate as an indicator, they were able to obtain 
very satisfactory results for iron, and their method has been found by 
others to give very exact results. In his original publication Knecht gives 
a single, somewhat low, result obtained by employing the reaction for the 
estimation of titanium. 4 

F. W. Ilinrichsen 5 later determined titanium by means of ferric iron 
with results which he does not give, but which he says are satisfactory. 
As the reducing agent he recommends a 50% zinc-magnesium alloy in 
hydrochloric acid. 

1 Z. angew. Chettt., 26, 613 (1913). Neumami and Murphy in their paper state 
the reaction to be that expressed by the "equation:” 

CuHuNaSCl 4 2TiCi« 4 HC 1 * Ci 8 H 18 NaS 4 zTiCfi. 

The following equation is probably correct: 

* Ci#H, a NaSCl 4 * 2TiCU 4 2HCI = C,eH, 0 N,SCl 4 aTiCL. 

a Ber. t 36, 166 (1903). The methylene blue reaction given above was discovered 
by Knecht. 

» Ber., 36, 1549 (1903). 

4 Neumann and Murphy, loc. cit., claim that the degree of accuracy attainable by 
the methylene blue method is greater than that to he had by any other method for the 
determination of titanium, and that it is the only method which permits of the direct 
estimation of titanium in the presence of iron, silica, alumina, etc. While they mention 
the ferric salt method, they erroneously state that it can be used only in connection with 
"Rothe’s ether method.” These statements are justly criticized by Knecht ( 2 . angew . 
Chem., 26 , 734 (1913)), but Knecht refers only to the work of Hinrichsen, without 
giving any additional data. In the determination of titanium by any of these volu¬ 
metric methods, substances such as tin, chromium, vanadium, tungsten ajjd molybdenum 
must of course be absent. 

* Chem . Ztg., 31. 738 (*9®7)> 
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G. Gallo 1 has also investigated the same method. He recommends 
that the reduction be carried out with zinc at io° in rather strong sulfuric 
acid. His results are very good, but he allows 12 hours for the complete 
reduction of the titanium. 

In view of the ease with which standard ferric salt solutions may be 
prepared and kept, as compared with those of titanous salts (which have 
to be preserved under carbon dioxide or some other inert gas, and which 
even then require frequent standardization), it seems strange that Knecht 
and Hibbert did not place especial emphasis upon the use of the above 
reaction for the determination, of titanium, rather than for that of ferric 
iron. 

Experimental. 

Standard Titanium Sulfate Solution .—Exactly 6 g. of pure KjTiFa 2 
were twice evaporated with sulfuric add. The residue from the second 
evaporation was treated with a few cc. of sulfuric acid, and the mixture 
was then taken up with 5% sulfuric add, of which a sufficient quantity 
was finally added to make the volume up to 1 liter. 

The ignited predpitate obtained upon neutralizing 50 cc. of this solu¬ 
tion with ammonia, adding acetic add and sodium acetate, and boiling 
for several minutes, weighed 0.1002 g. (calculated weight = 0.1000 g. 
TiO,). 

A second, less concentrated, solution was prepared by making 100 cc. 
of the standard solution up to 1 liter with 5% sulfuric add. 

Standard Ferric Chloride Solution .—Pure ferric chloride was dissolved 
in water with the addition of enough hydrochloric acid to give a perfectly 
clear solution. The resulting solution was standardized by running 30 
cc. portions of it from a buret, with stirring, into an excess of aqueous 
ammonia; in each case the predpitate was filtered off and ignited to con¬ 
stant weight. Two such determinations gave as normality factors o. 05043 
and 0.05041; the mean of these was taken as correct. 

A less concentrated solution was prepared by diluting 100 cc. of the 
standard solution to a volume of 500 cc. The normality of this solution 
was taken to be 0.05042 -s- 5 =* 0.010084. 

The indicator was a saturated solution of potassium thiocyanate, of 
which 1 cc. was used in each titration. 

Zinc was found to be a satisfactory reducing agent. Several other 
metals were tried. 

In all cases the titanous solution should be carefully guarded from oxida¬ 
tion by air after the reduction and during titration. In the determina¬ 
tions to be given below the solution was in most cases protected by an 

1 AM Roy. Acad, d Lincei, {5] x6* I, 335-30; Ckem. Zentrlb., 2907, p. 1600. 

1 This salt was prepared by crystallizing three times in platinum pure K«TiF«JHtO 
from dibits hydrofluoric add; the dried product was finally ignited in platinum. 
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ordinary Contat-Gockd valve. This does very well if the solution is re¬ 
duced in the cold, but with hot solutions the slightest cooling causes sodium 
bicarbonate solution from the valve to enter the reduction flask. While 
small quantities of sodium bicarbonate do no harm, larger qu an tities 
use up much of the acid and it might therefore be desirable to prevent 
this feature altogether. This may be accomplished by means of the modi¬ 
fied valve shown in Fig. 1. 



In carrying out^the reduction with zinc, it is not always practicable 
to completely dissolve the metal, and sometimes it is almost impossible 
to do so. The solution must be filtered therefore before titration from 
the unused zinc, even when sheet or bar zinc is used. Since the reduc¬ 
tion can be carried out at room temperature, separatory funnels of 250 
cc. capacity are recommended as containing vessels. A glass tube of the 
same diameter as the funnel stem and about 4 inches in length is drawn 
out from its middle point, and upon the resulting constriction a small 
mat of glass-wool and asbestos is placed, to serve as a filter. A rubber 
(suction-flask) stopper is fitted upon the stem of the funnel, and the filter 
tube is then attached to the stem by means of rubber, tubing. Before be¬ 
ginning a reduction, the funnel stem and filter tube are filled with freshly 
boiled water, after which the strongly add solution and a large excess of 
zinc are introduced into the funnel; the air is displaced from the latter 
by carbon dioxide from a generator, and the mouth of the funnel is then 
fitted with a Contat-Gockel valve. 1 The reduction is allowed to proceed 
for about 2 hrs., after which the valve is removed and the solution is drawn 
through the filter into a suction flask previously filled with carbon dioxide, 
the funnel being washed out with freshly boiled water in such manner 

1 If the modified valve shown in the figure is used, it should be filled with carbon 
dioxide just before being connected with the funnel. 
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as not to permit the entrance of any air into the funnel tube, the end of 
the filter tube should reach to the bottom of the suction flask After 
the addition of the indicator, the reduced solution is rapidly titrated with 
standard feme chloride solution 1 

The apparatus used for carrying out the reduction is illustrated in Fig 
i, in which the modified valve referred to above is shown, instead of the 
ordinary Contat Gockel valve 

The results obtained with the above solutions are given m Table I 


Iable 1 2 


Mo 

TiO* 

taken 

g 

TiO» 

found 

* 

FeaOi pres 
eut before 
reduction g 

Acid used 


Tempera 
ture of 
reduction 

Torm 
of rinc 

I 

O 0600 

O 0601 

None 

IO CC 

HC 1 (sp 

gr 1 

19) Boiling Bar 

2 

O 0390 

O 0389 

None 

IO CC 

HC 1 (sp 

gr 1 

19) Room 

Granulated 3 

3 

0 0500 

O 0503 

None 

IO CC 

H,S 04 (i 

1) 

Boiling Granulated 

4 

0 0500 

(0 0486) 

None 

10 CC 

H2SO4 ( 1 

1) 

Boiling Granulated 

5 

O 0500 

O 0503 

None 

IO CC 

HiS 0 4 (i 

1) 

Room 

Granulated 

6 

0 0500 

O 0504 

None 

IO CC 

HtSO* (1 

1) 

Room 

Gi 'inulated 

7 

0 0200 

O 0202 

None 

IO CC 

H2SO4 (1 

1) 

Room 

Bar 

8 

O 0020 

O 0020 

0 1000 

IO CC 

H2SO4 (1 

1) 

Room 

Granulated 

9 

O OIOO 

O 0097 

0 1328 

IO CC 

H 2 S 0 4 (i 

1) 

Room 

Granulated 

10 

O OIOO 

O 0097 

0 1328 

IO CC 

H2SO4 (1 

1) 

Room 

Granulated 

11 

O 0200 

O 0200 

0 1328 

IO CC 

H2SO4 (1 

1) 

Room 

Granulated 

12 

O 0200 

O OI99 

0 1328 

IO CC 

H*S 04 (i 

1) 

Room 

Granulated 


A sample of llmemte, m which, by means of duplicate analyses accord 
mg to the Gooch gra\imetric method, 34 60% and 34 65% of TiO^ 
were found, was also analyzed by the feme chloride method 

It is very difficult by means of the usual pyrosulfate fusion method to 
get into solution substances such as llmemte and other titamferous iron 

* It might be well, before beginning a reduction to place upon the asbestos filter 
a little granulated zinc, and upon removing the valve at the end of the reduction to 
introduce into the mouth of the funnel the open outlet tube of a carbon dioxide generator 
furthermore, it would do no harm to pass carbon dioxide through the suction flask 
during the titration These precautions were however, omitted m the above work 
and the results are nevertheless good 

1 All of the above titrations were made in the cold after having filtered the solution 
from undissolved zinc into an atmosphere of carbon dioxide In the determinations 
in whjclp the reduction was earned out at the boiling temperature, the solutions were 
allowed to cool to room temperature before they were filtered off and titrated 

Determination No 8 was earned out with o 010084 N FeCl* and the result shows 
that, by Using 001 N FeCl* solution, as small a quantity of TiO* as o 002 g may be 
accurately determined In the presence of a large excess of iron It might, however, 
be preferable to use the Weller colonmetnc method m the case of such small quantities 
of titanium All of the Other titrations were performed with o 05042 N FeCls solution 

* The granulated zinc referred to was 20-30 mesh, "c p " and was used without 
amalgamation or further treatment 
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ores. E. Knecht 1 fuses o. 5-1.0 g. of the mineral (e. g. t rutile) for 10 min, 
utes with 10 parts by weight of potassium hydroxide, after which he washes 
the mass into a beaker containing a large excess of hydrochloric acid. 

A method far better suited to our purpose was suggested to us by Pro¬ 
fessor W. A. Noyes. 2 According to this, the finely powdered ore is mixed 
with 1 part, by weight, of potassium fluoride and 5 or 6 parts of potassium 
pyrosulfate and fused in a platinum crucible for 15-20 minutes, until 
effervescence ceases. The cooled mass is then readily dissolved by hydro¬ 
chloric acid to a clear solution which is ready for reduction. 

With solutions prepared in this way, the ferric chloride volumetric 
method gave the following independent values: 34.63, 34.47, 34.44, and 
34.42% of TiG 2 (mean value = 34.49%). The reduction in this case also 
requires not more than two hours. 3 

The ferric chloride method is thus seen to compare very favorably with 
the tedious gravimetric method of Gooch, and it is incomparably shorter. 
Such metals as tin, chromium, vanadium, tungsten, and molybdenum 
must, however, be absent when the solution is reduced with zinc. 

Urban a, Ii,i„ 


[Contribution from tiiu Chemical Laboratory ok the Oregon Agricultural 
Experiment Station.] 

THE ARSENATES OF LEAD. 4 

By Hkrman V Tartar and R H. Robinson. 

Received June 17, 1914 

Introduction. 

Some of the arsenates of lead are widely used at present as stomachic 
insecticides. The general properties of these compounds seem to specially 
adapt them for this purpose and for this reason they have been used more 
extensively in recent years than any other arsenical. In response to the 
demand for these materials, their cc mmcrcial manufacture has now 
reached large proportions and a number of manufacturing chemists in 
the United States are making them in considerable quantity. This ex¬ 
tended use of certain of the arsenates of lead for insecticidal purposes 

1 Z. angew. Chem., 36, 734-5 (1913). Knecht dilutes the HC 1 solution to 250 cc. 
and reduces a 25 cc portion of it with granulated zinc and hydrochloric acid for 10-20 
minutes, until the zinc is completely dissolved. He then suspends a zinc rod in the hot 
solution by means of a platinum wire which is passed through the Bunsen valve, and 
allows the solution to cool; finally he passes in carbon dioxide and titrates with ferric 
alum. 

* J. Anal. Appl. Chem., 5, 39 (1891). 

* Since in all cases good results were obtained after 2 hours’ reduction, that time 
is to be considered sufficient. While in some cases less time might suffice, it is safer 
always to allow at least 2 hours for the reduction. 

4 Presented at the Cincinnati meeting of the American Chemical Society, April, 

1914* 
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makes a thorough knowledge of their constitution and properties, as well 
as analytical methods necessary to the valuation of the same, of consid¬ 
erable practical importance. 

In connection with some other investigations on insecticides, a study 
of the preparation and properties of the different arsenates of lead was 
begun in this laboratory early in 1913 This study has been continued, as 
opportunity permitted, up to the present time. We have now sufficient 
data from which to draw certain conclusions, which are presented here¬ 
with. 

Historical. 

But little attention was given to the arsenates of lead previous to their 
use as insecticides. Lead orthoarsenate, Pb 3 (As0 4 )2, is reported to 
have been prepared by Mitscherlich 1 by the use of the reaction of di¬ 
sodium hydrogen arsenate, Na2HAs0 4 , with basic lead acetate, or with 
neutral lead salts. It is also stated that this substance was prepared by 
Berzelius* by the action of ammonia on lead pyroarsenate, Pb2As 2 07. 
The substance obtained was a white amorphous powder. 

According to Mitscherlich and Berzelius, 8 lead pyroarsenate is pre¬ 
cipitated when lead chloride or lead nitrate react in aqueous solution with 
arsenic acid; also as a precipitate resulting from the reaction of di-ammonium 
hydrogen arsenate, di-potassium hydrogen arsenate, or di-sodium hydro¬ 
gen arsenate with lead nitrate in excess. It is also stated by the authority 
cited that Salkowski prepared this substance by the use of the reaction 
of neutral lead acetate and di-sodium hydrogen arsenate and that it is a 
white, easily melted, amorphous powder. On the whole, the work of 
these early investigators is very imperfect and in some instances conti a- 
dictory, 

Moulton, 4 chemist of the Massachusetts Gypsy Moth Commission, was 
the first to prepare lead arsenate for use as an insecticide. For this pur¬ 
pose he U 9 ed lead acetate and di-sodium arsenate. 

The work of Moulton was continued by Smith, 8 who studied the reac¬ 
tions involved and other matters pertaining to manufacture. “He 
stated that the ordinary spray material was not a single salt, but a mix¬ 
ture of neutral, Pba(As 0 4 )i, and acid, PbHAsO*, arsenates, and believed 
that the relative amount of each depended principally upon the source 
of the soluble lAd salt, although temperature and concentration at the 
moment of precipitation affected the results; in other words, the acetate 

1 Dimmer; “Bandbuch der Anorganiachen Chemie,” Vol. 2, Pt. 2, p. 565. 

iJMX. 

1 Ibid., p. 566. 

4 Mass . Board Agr . Report , 41, 282 (1894). 

1 Ibid., 4*, 357 (*W). 
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of lead has a tendency, other factors being equal, to yield the neutral salt 
and the nitrate the add salt.” 1 

Smith also states that the specific gravity of arsenate of lead is 1.00668 
(salt not specified). 

Haywood 2 daims that the reaction between lead acetate and di-sodium 
arsenate takes place as represented by the following equation: 
3Pb(C^H 8 0 2 )2 + 2Na2HAs0 4 —► Pb 8 (As 0 4 ) 2 + 4NaCsH 8 0 2 + 2CH 8 COOH 
He also found that the reaction between lead nitrate and di-sodium arsen¬ 
ate takes place in the main as follows: 

Pb(NOa)* + Na*HAs 0 4 —> PbHAs 0 4 + 2NaN0 8 
The slight variation in the resulting compound from the theoretical com¬ 
position of lead hydrogen arsenate caused Haywood to suggest that some 
unknown secondary reaction took place to small extent. 

Haywood and McDonnell 8 state that, when pure lead nitrate and di¬ 
sodium arsenate are used, the reaction represented by the second equation 
given in the preceding paragraph proceeds almost according to theory, 
though a small amount of lead orthoarsenate is usually formed. They 
also hold that when lead acetate is used a product is obtained at times 
which is principally lead hydrogen arsenate. They corroboi ae Smith’s 4 
statement that the reaction is affected by various conditions, such as con¬ 
centration, temperature, etc. 

Volck 6 devised a quanitative method for the detection of lead hydrogen 
arsenate in the presence of the lead orthoarsenate. He also proposed 
the preparation of the orthoarsenate by the use of the reaction of lead 
hydrogen arsenate with ammonium hydroxide, although he admitted 
that the samples prepared in this manner contained somewhat less than 
the theoretical percentage of arsenic oxide. From his experiments, Volck 
further concluded that the lead hydrogen arsenate hydrolyzes easily to form 
the orthoarsenate, and that commercial lead arsenate might contain pyro- 
arsenate as a component. 

Holland and Reed 8 state that they prepared the orthoarsenate by pre¬ 
cipitation, under certain conditions, from dilute solutions of lead acetate 
and di-sodium arsenate. In proof of this they showed that the amounts 
of lead and arsenic found in the precipitates corresponded closely to the 
theoretical composition of the lead salt. These investigators also state 
that lead hydrogen arsenate “is readily prepared from nitrate of lead and 
di-sodium hydrogen arsenate, provided dilute solutions are employed 

1 Holland and Reed, Twenty-fourth Ann. Report Mass. Agr Kxp Sta. 

* Bull. zo$, Bur. of Chem., U. S. Dept. Agr. 

* Ibid., Butt. 132. 

4 hoc. cit. 

* Science,, 33, 868 (1911)* 

4 Loc. cit. 
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and the sodium salt is added carefully in excess (10%). By this method 
of procedure no difficulty was experienced in producing salts of theoretical 
composition/' 

Space will not be taken at this time to go into any extensive criticism 
of the work that has been done; this will be brought in the discussion of 
the results presented below. Taken as a whole, the literature indicates 
that there are at least two common lead arsenates, lead hydrogen arsenate 
and lead orthoarsenate; that these two compounds are the main com¬ 
ponents present in ordinary commercial lead arsenate; that lead pyro- 
arsenate may possibly be present in the commercial salts; and that there 
is very little accurate knowledge of the preparation and the chemical 
and physical properties of the pure compounds. 

Experimental. 

The work completed in this laboratory has been done along special 
lines which a study of the literature and a consideration of the agricul¬ 
tural use of commercial arsenate of lead indicated to be of most immediate 
value. The specific points studied naturally fall under five different 
heads: (i) the preparation of lead hydrogen arsenate, (2) the results of 
attempts to prepare lead orthoarsenate, (3) the preparation of lead 
pyroarsenate, (4) the specific gravity and solubility of lead hydrogen 
arsenate and basic lead arsenate, and (5) the quantitative estimation 
of lead hydrogen arsenate in the presence of the basic arsenate. 

(1) Preparation of Lead Hydrogen Arsenate. 

The preparation of this substance was first tried by using the reaction 
between lead nitrate and di-sodium hydrogen arsenate. Both concen¬ 
trated and dilute solutions were employed, using the reacting equiva¬ 
lents of the different substances and also one or the other in excess. 
Many attempts were made and, in some instances, the salts obtained ap¬ 
proximated the theoretical composition very closely but not within the 
experimental error of analysis. Our experiments showed that very slight 
changes of condition affect the nature of the reaction. After much work 
had been done it was decided that this method could not be used safely 
to prepare pure lead hydrogen arsenate, as has been claimed by Morse 
and Reed. 1 

The preparation of this compound was attempted in several other ways 
and the best results were obtained by using the following method: Fairly 
pure lead hydrogen arsenate is prepared by use of the reacton between 
lead nitrate and di-sodium hydrogen arsenate. The precipitate is washed 
quite thoroughly with distilled water and then dissolved completely in 
nitric acid, using jusl enough of the acid to effect solution. To this solu¬ 
tion dilute ammonium hydroxide is added slowly with constant stirring 
1 hoc. tit. 
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until approximately three-fourths of the nitric acid used has been neu¬ 
tralized. During the addition of the ammonium hydroxide the lead hydro¬ 
gen arsenate will gradually be precipitated. The precipitate is then al¬ 
lowed to stand over night in contact with the solution (which is acid in 
reaction due to the presence of considerable amount of nitric acid). The 
supernatant liquid is then decanted through a filter and the precipitate 
washed first with distilled water slightly acidulated with nitric acid and 
then with water which has been recently boiled to remove carbon dioxide, 
until the washings no longer give a test for nitrates with diphenylaniine. 
The precipitate is then dried at iio°. 

The salt obtained in this manner is free from nitrates and ammonium 
salts. It is pure lead hydrogen arsenate and is a white, amorphous, finely 
divided, fluffy powder. Analyses made of three samples gave results as 
follows: 



As as AsaOs 

Pb as PbO 

Ratio 


Per cent 

Per cent 

AmO* to PbO 

Sample No 1 

32 99 

63 92 

I I 937 

Sample No 2 

32 98 

63 92 

I l 937 

Sample No 3 

32 88 

63 70 

1 1 937 

Theoretical for PbHAsO, 

33 15 

64 46 

I 1 945 


It will be noted that the precentages are somewhat lower than the theo¬ 
retical for lead hydrogen arsenate. This is due to the presence of a small 
amount of water that cannot be easily removed. Samples do not lose this 
water below 200 °. Experimental work has not been carried out to the 
point where the writers are able to state if there is a definite tempera¬ 
ture at which this moisture can be removed without changing some of the 
substance into the form of the pyroarsenate. It will also be noted that 
the ratio of lead oxide to arsenic oxide is a trifle lower than the theoretical. 
This is due to the fact that the method for determining lead which is now 
used by the Association of Official Agricultural Chemists is hardly as ac¬ 
curate as the method used for arsuiic; theie is a tendency for the results 
to be slightly low. 

(2) Results of Attempts to Prepare Lead Orthoarsenate. 

The preparation of this compound was first attempted by the use of 
the reaction between lead acetate and di-sodium hydrogen arsenate. 
The results obtained showed that this reaction is easily affected by various 
conditions such as temperature, concentration, the rate in which the sub¬ 
stances are brought together, and the amount of salt used in excess. 
Evidently, this reaction cannot be used to prepare pure orthoarsenate 
of lead. The insoluble precipitate obtained from the reaction referred to 
is really a mixture of two different compounds; this will be brought out 
in & later portion of this paper. 

The preparation of the ortho-compound was further attempted by em- 
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picking the reaction between ammonium hydroxide and lead hydrogen 
arsenate as has been suggested by Volck. 1 The ammonium hydroxide 
used was freed from carbonate by redistillation from barium hydroxide. 
It was found that the reaction between ammonium hydroxide and lead 
hydrogen arsenate is complete after the mixture had been heated gently 
on a steam bath for three hours and that the reaction is the same whether 
only a slight or large excess of ammonium hydroxide is used. Four sam¬ 
ples of the substance obtained in this manner were carefully washed free 
from soluble salts and then dried at no°. The analyses of the samples 
are as follows: 



Arsenic as AnO» 

LeadaePbO. 

Ratio 


Per cent. 

Per cent. 

AsgO* to PbO. 

Sample No. x. 

.... 23.42 

74.72 

I : 3190 

Sample No. 2. 

.... 23.43 

7468 

i : 3189 

Sample No. 3. 

.... 23 42 

74.86 

1 : 3.196 

Sample No. 4. 

.... 23.46 

7461 

1 : 3.180 

Theoretical for Pb»(A 80 4 )j... 

- 25.57 

74.43 

1 : 2.911 


These results show that the substance obtained is not a pure ortho¬ 
arsenate of lead. It contains more lead and less arsenic than the theo¬ 
retical figures. At first, the authors thought that perhaps there was a 
small amount of free lead hydroxide present. To ascertain if this were 
true, the substance was heated in a drying oven to a temperature some¬ 
what greater than 130 There was no change in color due to the forma¬ 
tion of lead oxide nor was there any loss in weight. Even microscopic 
examination failed to show the presence of any lead oxide. A sample of 
freshly prepared lead hydroxide, when heated to a temperature a little 
above 130°, gradually changed to an orange-yellow color with the forma¬ 
tion of lead oxide and there was a gradual decrease in weight from loss of 
water. These results clearly indicate that there is no uncombined lead 
hydroxide present in the insoluble material resulting from the reaction 
of ammonium hydroxide with lead hydrogen arsenate. In fact, the tests 
which have been tried show that it is a definite chemical compound, a new 
basic lead arsenate of which there is no mention in the literature . The anal¬ 
yses indicate that its composition may be represented closely by the for¬ 
mula 2iPba(As04)t.2Pb(OH)*.ioHsO. It is a white, amorphous granular 
powder; microscopical examination does not show any crystalline struc¬ 
ture. There is no loss of water at temperatures below 200 °. 

A number of*attempts have been made to prepare a pure ortho- 
arsenate of lead. In these experiments all of the reactions which 
are how used ip the manufacture of lead arsenate have been tried 
in aqueous solution and also in non-aqueous solutions so far as conditions 
would permit. Other possible reactions have been investigated. With¬ 
out going into any lengthy discussion of the reactions used, the authors 
l Loc.cit 
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will state that lead orthoarsenate is not formed under the ordinary aqueous 
conditions employed in the manufacture of commercial lead arsenate, 
and that it is not a component of the commercial material as has been 
formerly supposed. The compound present, which has been represented 
to be the orthoarsenate, is in reality the basic lead arsenate mentioned above. 
Further proof of this will be brought out in a later portion of this 
paper. 

(3) The Preparation of Lead Pyroarsenate. 

Since the presence of this substance in the ordinary commercial salts 
used for insecticidal purposes has been suggested, it was deemed advisable 
to undertake the preparation of the pure compound. It would seem, on 
theoretical grounds, that the simplest method would be by the removal 
of water by means of heat from lead hydrogen arsenate. 

2 PbHAs 0 4 —> PbjAsaOy + H, 0 . 

Samples of lead hydrogen arsenate were heated in a drying oven to a 
temperature somewhat higher than 200 0 without loss in weight. When 
this compound is fused at a dull red heat, however, it loses water and a 
white, glassy, somewhat crystalline substance is left on coolmg. Anal¬ 
yses made of this substance show it to be the pyroarsenate. 

It is well known that pyroarsenic acid does not exist in the presence 
of water, and consequently if lead pyroarsenate is a constituent of the ordi¬ 
nary commercial salts it must be due to the easy dehydration of lead hydro¬ 
gen arsenate. The results given above show that this substance has to 
be heated to a fairly high temperature before loss of water occurs and, 
evidently, lead pyroarsenate is not a constituent of the commercial lead 
arsenate. 

(4) Specific Gravity and Solubility of Lead Hydrogen Arsenate and 
Basic Lead Arsenate. 

These properties arc of much more importance in the consideration of 
the adaptability of arsenic containing compounds for use as insecticides. 
A very small amount of soluble arsenic compound f is sufficient to cause 
injury to the foliage of fruit trees. Further, an insecticide should be 
in a fine state of sub-division and of a specific gravity sufficiently low that 
it will remain in suspension in wafer for some length of time. 

The specific gravity of lead hydrogen arsenate and basic lead arsenate, 
as prepared by the above described methods, was found by determining 
the weight of toluene displaced by a known quantity of the salt. The 
toluene was first dried by means of solid sodium hydroxide and then dis¬ 
tilled. Its specific gravity at 20 0 referred*© water at 4 0 was found to be 
0.8669. Care was taken to remove air from the arsenate when covered 
with toluene by placing the pycnometer in an exhausted desiccator. 
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(a) Lead Hydrogen Arsenate. 


Grams 

Grams toluene 

Specific gravity 

PbHAsO*. 

displaced. 

PbHAsO* 20°/4°. 

II.1070 

I.6610 

579 

11.5734 

I 6630 

579 

II.3230 

I.6968 

5.78 



Average 5.786 


(6 ) Basic Lead Arsenate. 


Grama basic 

Grams toluene 

Specific gravity bu.su: 

lead arsenate. 

displaced. 

l*ad arsenate 20 °/ 4 °. 

14 5770 

I 7794 

7.10 

20 5749 

2 5083 

7.II 


Average 7.105 

There are several things to be considered in making a determination 
of the solubility of lead hydrogen arsenate. Although one of the hydro¬ 
gens of arsenic acid resembles the hydrogen of strong acids in its dissocia¬ 
ting tendency, the other two hydrogens are those of weak acids. Hence 
perceptible hydrolysis takes place in solutions of this acid, even when the 
base combined is strong; that of tertiary salts being greatest in extent. 
It is difficult to predict the influence of this hydrolysis upon lead hydrogen 
arsenate. There is also the possibility of the formation of more insoluble 
normal or basic salts. In discussing the solubility of lead hydrogen 
arsenate Volck 1 states that ‘'the liberation of the arsenic oxide (arsenic 
acid) from the acid arsenates depends on transposition to the ortho or 
neutral arsenate under neutral or alkaline conditions.” He also infers 
that a given quantity of lead hydrogen arsenate can be completely changed 
to the orthoarsenate by bringing it in contact with water and then re¬ 
placing the supematent liquid from time to time with fresh water. 

The writers have endeavored to verify Volck’s statements. The experi¬ 
ments tried, however, show that arsenic acid is not formed in sufficient 
quantity by hydrolysis at room temperature to give the qualitative tests 
suggested by Volck nor can the composition of lead hydrogen arsenate be 
changed to any appreciable extent by bringing it in contact with an ex¬ 
cess of pure water and removing the supernatant liquid from time to time, 
even though the operation be continued for several days. At tempera¬ 
tures near the boiling point there is evidence of only a slight hydrolysis. 
We feel safe in* stating that if there is any hydrolysis of this substance 
it is slight and can only be determined by the use of refined physico-chem¬ 
ical'methods. 

Unfortunately, other pressing work in progress in this laboratory has 
prevented the talcing up of aftcritical study of this hydrolysis. An idea 
of the solubility of the salt was obtained, however, by determining the 
1 Loc . cit . 
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amount of arsenic in solution when using the provisional method of the As¬ 
sociation of Official Agricultural Chemists 1 for the determination of " water- 
soluble arsenic oxide” in commercial lead arsenate. Eight hundred cc. 
of the water extract obtained did not contain sufficient arsenic in solu¬ 
tion to be quantitatively estimated by making the final titration with 0.02 
N iodine solution. This result indicates that lead hydrogen arsenate is a 
very insoluble substance. 

In attempting to make a determination of the solubility of basic lead 
arsenate one meets with the numerous perplexing difficulties which are 
common with the basic salts. These difficulties are such as to preclude 
perhaps the securing of quantitative data by the usual methods. Use 
was made of the method of the Association of Official Agricultural Chem¬ 
ists referred to in the preceding paragraph for getting an idea of the solu¬ 
bility of this substance. There was not sufficient arsenic present in eight 
hundred cc. of the water extract to be estimated by titration with 0.02 N 
iodine. When warm water was used there was no difference in the results 
obtained. Evidently, this salt is also very insoluble. 

(5) The Quantitative Determination of Lead Hydrogen Arsenate in the 
Presence of the Basic Arsenate. 

At the present time there is no method for estimating the amount of 
lead hydrogen arsenate in commercial arsenate of lead. It was with the 
object of securing such a method that this phase of the work was under- 1 
taken. It has been .shown that when lead hydrogen arsenate is treated 
with ammonium hydroxide (free from C() 2 ) under ordinary conditions a 
basic arsenate of lead of constant composition is formed. The amount of 
arsenic passing into solution from a given quantity of lead hydrogen arsen¬ 
ate has also been found to be constant. Since the basic arsenate may be 
considered as insoluble from the usual analytical standpoint, lead hydrogen 
arsenate in mixtures with the basic arsenate can be easily determined by 
the following described method: 

Take a convenient amount of the finely powdered sample (3-10 g.), 
depending upon the amount of the acid salt present, which has been "dried 
at 100°, and add 200 cc. of a 5% solution of carbon dioxide-free ammonium 
hydroxide. Allow to digest with occasional shaking for a few hours at 
room temperature, when the reaction should be complete. The super¬ 
natant liquid is then filtered by suction from the insoluble basic salt b> 
using a Buchner funnel prepared with a pad made of two sheets of filter 
paper with a layer of asbestos between. The upper paper should be a 
hardened filter. The filter is finally washed thoroughly with recently 
boiled distilled water until free from soluble salts. The final washings 
may be tested with lead nitrate solution to ascertain the completeness of 
1 Bull . 107 (Revised), Bur. of Chem., U. S. Dept. Agr. 
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the removal of the ammonium arsenate. The filtrate should be perfectly 
dear. In case there is difficulty in obtaining a dear solution it may be 
overcome by refiltering through a Gooch crudble having a thin layer of 
carbon black on an asbestos pad. The final filtrate obtained is made up 
to convenient volume and an aliquot taken for the determination of arsenic. 
After free ammonium hydroxide is removed by boiling, the arsenic is de¬ 
termined by the modified Gooch and Browning method. 1 The amount 
of arsenic in the total filtrate calculated as AS2O5 and then multiplied by 
the factor 7.6034 gives the amount of lead hydrogen arsenate present in 
the original mixture. 

This method has been tried out on a number of mixtures of known 
composition and in each case has given good results. 

The nature of the insoluble salts formed by the reaction of lead acetate 
and lead nitrate with di-sodium hydrogen arsenate has been studied in a 
limited way by using the above described method in conjunction with the 
usual analytical methods employed. The results obtained are given in 
Table I: 

Table I. —The Composition op Precipitates Obtained by Reactions op Lead 
Acetate and Lead Nitrate with Di-sodium Hydrogen Arsenate. 

Ratio of A«tO* other 
Total Total than that combined 

lead araenlc Total a* PbHAaO* to PbO 

aa PbO. aa AaaOt. PbHAaO*. other than that com- 
Material. Per cent. Per cent. Per cent, bined aa PbHAsOa. 

1. Sample prepared by using Pb- 

(CsHtOi)* and Na«HAsO< in the 

theoretical proportion suggested by 

Haywood. 73 21 24.93 14.96 1 : 3.189 

2. Sample prepared using NajHAsO* 

with Pb(C»H«0»)t in excess. 74 10 24.28 7.4a 1 : 3.179 

3. Sample made using Pb(CsH>Ot)t 

with NfeHAsOi in excess.73.96 24.72 10.48 1:3.12 

4. Sample made using NaaHAaO« 

with Pb(NOi)j in excess. 64,73 32.26 93.16 I : 3.30 

These results show that the precipitates obtained were, in each instance, 
mixtures containing various amounts of the add salt. It will be noted 
also that the ratio of the As*Oi, other than that combined as PbHAsOi, 
to the PbO, other than that combined as PbHAs04, approximates within 
experimental error that found in the basic arsenate already described. 
These results, considered with the work which has already been pre¬ 
sented, seem to leave little doubt that the substance present other 
than lead hydrogen arsenate is the basic arsenate of lead. 

The application of the work here presented to the valuation of commer- 
dal samples of lead arsenate will be presented at an early date for publi¬ 
cation in the Journal of Industrial and Engineering Chemistry. 

1 Bull. 107 (Revised), Bur. of Chem., U. S. Dept. Agr. 
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Summary. 

1. A reliable method has been devised for the preparation of pure lead 
hydrogen arsenate. 

2. All attempts to prepare pure lead orthoarsenate have been unsuc¬ 
cessful. 

3. Lead pyroarsenate has been prepared. 

4. A new basic lead arsenate of apparently constant composition has 
been obtained. 

5. The specific gravity of lead hydrogen arsenate and basic lead arsen¬ 
ate have been determined. 

6. The difficulties attending the accurate determination of ,the solu¬ 
bility of the compounds prepared have been pointed out. The tests made, 
however, show these substances to be relatively insoluble. 

7. A quantitative method has been devised for the estimation of lead 
hydrogen arsenate in mixtures of this substance with the basic arsenate. 

8. The results show that the precipitates obtained from the reactions 
of lead acetate and lead nitrate with di-sodium hydrogen arsenate under 
certain conditions are mixtures of lead hydrogen arsenate and the basic 
lead arsenate. 

Corvallis, Orbgon. 


[Contribution from the Chemical Laboratories of New Hampshire College.] 

THORIUM AMMONIUM OXALATE. 

By C. Jambs, C. F. Whittbmorb and H. C. Holdsn. 

Received June 4. 1914. 

Bahr 1 found that thorium oxalate dissolved in a warm solution of ammo¬ 
nium oxalate, and Bunsen* showed that this reaction might be employed 
for separating thorium from the rare earths. 

Brauner* investigated the subject more thoroughly and showed that, 
when thorium oxalate was dissolved by ammonium oxalate, a definite 
ammonium thoroxalate was formed, to which he ascribed the formula 
Th (Ci0 4 . NH^4. 7HjO. This hydrate was said to separate from a super¬ 
saturated solution, while a lower hydrate possessing four molecules of 
water was obtained by spontaneous evaporation. When the ammonium 
thoroxalate was treated with water, it was hydrolyzed. The resulting 
product was very colloidal and passed through filter paper. It required 
two months time in order to settle. Later, however, a precipitate was 
obtained that became crystalline. These crystals possessed the formula 
2Th(C 2 04) 8 .(NH4) a C,04.7H,0. 

The writers decided that a study of the solubility curves of thorium 

1 Ann., 132, 231. 

* Ann. Phys. Chem., 155, 375. 

1 /. Chem. Soc ., 73, 951. 
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oxalate and ammonium oxalate, in the presence of each other in water, 
would show clearly and distinctly the number and kinds of .compounds 
existing. This work was commenced in 1912, and it appears O. Hauser 
started work along similar lines at a similar date. 1 

In order to determine the various solubilities, several bottles were pre¬ 
pared and placed in a thermostat at 25 °. They contained varying amounts 
of thorium oxalate and ammonium oxalate with sufficient water to make 

50 cc. After rotating 
for many weeks, the 
bottles were allowed 
to stand at the same 
temperature until the 
supernatant liquid 
became clear, when 
portions w£re with¬ 
drawn for analysis. 
In each of the samples, 
thorium oxide and 
C2O3 were determined. 
The thorium content 
was obtained by evap¬ 
orating a weighed por¬ 
tion of the solution in 



a tared platinum dish, and igniting the residue to oxide. The Ca0 8 was 
found by titrating with a standard potassium permanganate solution. 
The results are given in Table I, and plotted in Fig. 1. 


The data when plotted are 
not quite sufficient to com¬ 
plete the curve. No points 
were obtained between B and 
C, which are evidently transi¬ 
tion points. Later, it was 
found that the solid phase, in 
the bottles from 2 to 8 along 
that portion of the curve CD, 
consisted of a definite com¬ 
pound. It, therefore, became 
necessary to follow the curve 
more completely between the 
points B and C and from bottle 
2 to the zero' point. More 
bottles were, therefore, pre- 



1 R. J. Meyer und O. Hauser, “Analyse der seltenen Erden und Erdsauren,” p. 167. 
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pared and rotated for several months in a thermostat at 25 °. It was 
necessary to rotate for a considerable length of time; otherwise, results 
of a metastable condition would be obtained. The data are given in 
Table II and plotted in Fig. 2. 


Table I. 

(NHOsCtOi. Th(C*0<)j. O. (NHOiCiOi G. Th(C*0<)« 
Bottle No. Per cent. Per cent. per 100 g. HiO per 100 g. HiO. 

1 . O.89 O.57 O.90 O.58 

2 . 1.65 I.38 I.70 I.42 

3 . 4 83 5 06 5.36 5.63 

4 . 6.93 7.79 8.13 9 13 

5 . 10.27 12.35 1327 1596 

6 . 12.20 15-35 16.84 21.18 

7 . 1507 19.54 23.04 29.87 

8 . 17 49 23.19 29.47 39.io 

9 . 4 98 ... 525 

10 . 5.62 1.43 6.04 1.54 

11 . 6.93 407 7 78 4 5i 

12 . 8.70 7.40 10.37 8.82 

13(a). 11.68 t 12.76 1546 16.89 

13(6). 11.68 12.77 

14. 1452 1784 21.47 26.37 

13 . 17.11 22.18 28.18 36.54 

16. 1713 22.16 28.21 36.51 

8(«). 17 49 2319 

4(d) . Results of analysis identical with those of 8(s) 

Table II. 

(NH4 )iC* 04. Th(C*0«)«. G. fNHOtCiO* G. Th(C»0 4 )» 

Bottle No. Per cent. Per cent. per 100 g. HiO. per 100 g. HjO. 

A. 0.03 0.03 0.03 0.03 

B. 0.48 0.20 0.48 0.20 

C. 0.52 0.36 0.52 0.36 

D. 0.79 0.35 0.80 0.35 

E. 1.50 1.31 1 54 1.35 


Points 1, 2 and 3 are taken from Table I, and are the same as in Fig. 1. 

Table III. 

Solid Phase. 

(NH4 )iC» 0 4 . ' TMCeOO*. 


Bottle No. Per cent Per cent. 

2 . IO.51 66.39 

3 . 10.84 64.77 

5 . 12.78 63.98 

6 . 12.65 63.87 

7 . 13 40 66.42 

A. 0.00 66.89 

B. 317 64.85 


Unfortunately, no new points came between B and C. Samples of the 
solid phase, along that part of the curve from C in Fig. i to A in Fig. 2, 
were withdrawn by means of a platinum spoon, and freed as much as pos- 
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able from the mother liquor 
by pressing between filter 
papers in a screw press. The 
pressed sample was quickly 
transferred to a weighing 
bottle and thoroughly mixed. 

The thorium oxide and 
CjOs contents were then de¬ 
termined. 

The data are given in 
Table III and plotted in 
Fig.3. 

It will be seen that lines 
joining the points of the cor- 
MWAo. responding liquid and solid 
phases meet at a common point, expressed by the formula 
2Th(C20 4 )2.(NH 4 )jC*04.2H20. This does not entirely agree with the re¬ 
sults obtained by O. Hauser, since he finds three molecules of water pres¬ 
ent. However, the authors give the formula as obtained by the triangular 
diagram, and not from the analysis of the pure compound. 

That portion of the curve in Fig. i represented by the line AB shows 
the solubility of thorium oxalate in ammonium oxalate. B and C are 
evidently transition points and the solid phase occurring in any bottles 
coming between these points should consist of the normal compound, 
2Th (C 2 0 4 ) t . (NH^tQO*. 7H2O, as described by Brauner. From point 
C in Fig. 1 to point D in Fig. 2, there exists, as the solid phase, the com¬ 
pound shown in the triangular diagram. From D to A in Fig. 2, the solid 
phase consists of thorium oxalate. Lines joining the corresponding 
points, representing the liquid and solid phases, do not meet. 

This work indicates that at 25 0 there are only two ammonium thor- 
oxalates. 

Dukhan, N H 


THERMOELEMENT INSTALLATIONS, ESPECIALLY FOR 
CALORIMETRY. 

By Waltbk P White 
, Received July 20, 1914 

For ma x imum precision in calorimetry, electrical thermometers are 
essential, and they are often considered to be also the most convenient. 
Among them the least exacting, the most accurate for small intervals, 
and the freest from sources of error is the multiple thermoelement when 
used with a small temperature difference between its two ends. With it 
the relative precision required in the electrical measurement is ordinarily 
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from a hundredth to a thousandth of that needed with the resis tan ce ther¬ 
mometer for the same thermometric precision. It is, accordingly, some¬ 
times nearly indispensable, often the most convenient, and very seldom 
appreciably less advantageous than other types. 

The thermoelement has been employed in this way for a number of 
years in calorimetric methods of great delicacy though of somewhat re¬ 
stricted scope, but the newer and more widely applicable thermoelement 
technic has scarcely been used in chemical work as yet, and appears ac¬ 
cordingly to be rather unfamiliar to chemists. It has therefore seemed 
best, in presenting some recent modifications, to attempt also a rather 
complete account of the thermoelectric procedure, beginning in the 
present paper with the fundamental methods and apparatus, and follow¬ 
ing with descriptions of the thermoelement and of its application to the 
calorimeter. The methods and arrangements to be described are also 
in large part advantageous for precision thermoelement work in other 
subjects besides calorimetry. 

1. The Thermoelectric Methods in General. 

The salient features of the thermoelectric methods here presented are: 
(a) The temperature to be measured acts on the thermoelen* fit, which 
is simply a slender, flexible bundle of fine, insulated wires, easily enclosed 
in a variety of ways, and, when once enclosed, detrimentally affected 
only by very severe treatment. No heat is produced in it. (b) The 
electrical quantity (electromotive force) furnished by this thermoele¬ 
ment is about proportional to the temperature interval, and, therefore, 
the relative precision required for measuring it is extraordinarily low, as 
already mentioned, (c) The electromotive force is measured with a 
potentiometer. (< d ) The system shares the general advantage of all 
potential methods, namely, it possesses an almost complete indifference 
to contact resistance, and thereby avoids one of the most troublesome and 
insidious sources of error in electrical work, (e) One consequence of 
this property is that the reading of different temperatures or electrical 
quantities during the same experiment is especially easy with the thermo¬ 
electric installation. (/) The thermoelement measures, primarily, only 
differences of temperature, hence some body of definite thermal condition 
must be provided to control the end not in the calorimeter. This provi¬ 
sion, though it affords the means of simplifying the electrical measure¬ 
ment (as already pointed out), is also an inconvenience. 

2* The Relative Precision Required. 

The coils of the potentiometer must, in the nature of things, evidently 
be calibrated with as great relative precision as is to be obtained in the 
temperature determinations. This of course applies only to the coils 
of the highest valued decade used in any particular determination. 
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Potentiometer coils are ordinarily adjusted with a precision of from i 
per mille to o. i per mille. Hence corrections to the higher valued coils 
will often be necessary in working to o. i per mille, but will disappear en¬ 
tirely when the precision is less, or the instrument is very well adjusted. 
These corrections will be small and invariable; no coil corrections for 
temperature will ever be needed. 

If the standard cell by which the potentiometer is regulated is a satura¬ 
ted cadmium cell, its electromotive force will vary o.oooi for every 2° 
change in temperature, and a small temperature correction may be needed 
in very accurate work. The temperature correction of a Weston cell 
will be quite negligible. 

The corrections required are therefore less than are usual with either 
a mercuiy thermometer or an electrical resistance thermometer. 

3. The Absolute Precision Required. 

The absolute precision required is tht subject of most of the miscon¬ 
ception which may exist regarding the thermoelectric system. Much 
potentiometer work is of such a character that for it a precision of 10 micro¬ 
volts is remarkably good. With respect to this work, and to the corre¬ 
sponding apparatus, methods, and habits of thought, the precision of one- 
tenth of a microvolt, here recommended for thermoelectric work, is apt 
to appear extreme. The truth is, however, that this degree of precision 
has been selected not because it is indispensable, but because it has been 
found to be easily attainable in daily work, under any but the worst condi¬ 
tions. 

A thermoelement of 24 copper-constantan couples, which may be only 
5 mm. in diameter when enclosed, and will then seldom have more than 
iso ohms resistance, is easily made and very convenient, and may be 
taken as the standard size for calorimetry. With it an electrical precision 
of 0.1 microvolt means a thermometric precision of o.oooi 0 . An elec¬ 
trical precision of 0.1 microvolt, therefore, is better than will usually 
be required for calorimetry, though 1. o microvolt will be required in any 
case where the precision of electrical methods is needed at all. In high 
temperature work with platinum thermoelements a microvolt is usually 
the smallest quantity read, but it is sometimes very desirable in laboratory 
work at high temperatures to be able to read closer. In what follows here 
the precision in View will be o. 1 microvolt, as being easily attainable and 
often desirable or necessary. This precision, although greater than that 
used in some kinds of potentiometer work, is really low considering the 
thermometric precision obtained with it; it is only about half the micro¬ 
volt precision commonly used to get a thermometric precision of o.oooi® 
with some of the best resistance thermometers. 
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4. The Instrumental Arrangements Needed to Give the Desirable Ab¬ 
solute Precision. 

A precision of o. 1 microvolt, even though it is easily maintained, will 
of course require apparatus of greater effectiveness than is needed for 
reading to 10 microvolts. The galvanometer must evidently be more 
sensitive, though the sensitiveness needed is not extreme. 

Secondly, the potentiometer, though it may be simpler and less expen¬ 
sive than the types most commonly used to-day, must be different from 
them, having greater precision, though its range may be less. 

Finally, there must be one feature which is not found at all in potentiom¬ 
eter systems devoted to coarser measurements, but which is foqnd in 
some form in Wheatstone bridges and other electrical installations of high 
precision; this is an arrangement for eliminating the effect of parasitic 
electromotive forces due to slight irregularities of temperature in various 
parts of the galvanometer circuit. Attempts have been made to avoid 
these in thermoelectric work by substituting copper for other metals 
at a few points in the galvanometer circuit and taking great care as to the 
room temperature, but such a procedure is laborious, and a vain thing for 
safety. The effect of the parasitics, however, can be eliminated from 
nearly all the circuit with ease and certainty by a suitable eliminating 
switch. 

5. The Eliminating Switch. 

The essentials in the operation of one form of eliminating switch are: 
(a) To remove from the galvanometer circuit the main electromotive 
forces, namely, those of the battery and of the thermoelement, leaving 
the parasitics alone in the circuit; ( b ) to eliminate the deflection due to 
the parasitics by moving the telescope or scale (by a ‘‘slow motion” of 
course) so that the galvanometer reading is zero; (c) to return the principal 
electromotive forces and read directly the additional deflection produced 
by them. 

An admirable instrument for making this adjustment is a common 



2-way, 2-pole copper knife switch. Fig. 1 shows the method of connec¬ 
tion. In the figure the knives are thrown to the left for the adjustment 
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and to the tight for tfcereading. Z is a resistance, to be explained pres¬ 
ently. 

The simple connections required can, of course, be secured in number¬ 
less ways, 1 but for low cost, minimum of attention required, and minimum 
probability of accident or trouble in working, there appears to be nothing 
equal to the knife switch. 

The convenience of the knife switch can also be still further increased if 
the ordinary knife is replaced by one of twice the length, whose two ends 
make an obtuse angle with each other, as in Fig. 9 of the following paper 
in this series. The throw of the switch then requires a much shorter 
and simpler motion, and can be made by means of a pull rod, as in Fig. 9. 
From this latter fact follow several advantages: the switches can be pro¬ 
tected by a box, through whose side the pull rods pass; a number of 
switches can be worked from almost the same point, immediately under 
the operator’s hand; and the motion of several switches can be made 
nearly or quite simultaneous. This is an especial advantage in potentiom¬ 
eter work; illustrations of it will be given in Figs. 8 and 11 of the follow¬ 
ing paper. Switches of this modified pattern can be obtained from the 
manufacturers at about 40 cents extra cost each, for small orders. 

In throwing the eliminating switch, it is essential that the thermo¬ 
element circuit should open before the battery circuit, and close after it, 
or else there may be a very large galvanometer deflection which would 
generally spoil the adjustment. This requirement is easily met by filing 
off a little from the edge of the knife on the thermoelement side of the 
switch. 

The opening of the battery circuit when the switch is thrown removes 
the corresponding electromotive force without materially changing the 
galvanometer circuit, but the electromotive force of the thermoelement 
cannot be removed without disconnecting the thermoelement itself. 
But the deflection due to the parasitics will not remain the same unless 
the resistance of the circuit is the same. Hence during the adjustment 
a coil must be inserted, approximately equal in resistance to the missing 
thermoelement. This is Z of Fig. 1. If the maximum parasitic force 
is 4 microvolts (a rather large value) and the precision is to be to 0.1 
microvolt, the parasitic currents eyidently must not be changed as much 
as one-fortieth in the adjustment* and the galvanometer circuit resistance 
must therefore repiain as constant as that. A constancy of 1% in the re¬ 
sistance is twice what is needed, and so gives a satisfactory margin of 
safety. Hence it will be sufficient if the resistance of the thermoelement 
does not differ from that of the coil Z, by more than 1% of the resistance 
of the whole circuit, that is, by more than from 2 to 10 ohms, as the case 
1 Sec, for instance, "Potentiometer Installation, Especially for Thermoelectric 
and High Temperature Work.” Phys. Rev., as, 344 (1907). 



THSRMOBU&WNT JNStAtLAtlONS, BTC. 


mi 

may be. This degree of equality is, of course, very easily secured, and the 
necessity for it is in any case no objection to this method of elimination, 
since it is also usually desirable in order to maintain proper galvanometer 
sensitiveness 1 where several thermoelements are in use. The thermo¬ 
elements with their leads must then be made equal to each other in re¬ 
sistance, and hence might as well also be made equal to Z. 

There are several other effective methods of eliminating the effects of 
the parasitic forces, but the one just described appears on the whole to 
be preferable, at any rate for precision not very much greater than o. i 
microvolt. 2 

6. “Neutral” Contacts and Connections. 

The arrangement and procedure just described effectively eliminate 
parasitic troubles in the galvanometer and the potentiometer; it is also 
necessary that the switch itself, and the leads from it to the thermoele- 

1 For reading to one-hundredth microvolt with a 4 microvolt parasitic force, a 
constancy of resistance to about 0.001 of the total would be desirable, and to maintain 
this with various thermoelements might be troublesome, particularly if the total re¬ 
sistance had to be low, in order to gain sufficient sensitiveness. Hence in such a case 
there is more reason for preferring one of the methods of elimination, described in the 
following foot-note, which dispenses with the resistance Z. But it should ;>e noted 
that to attempt to eliminate any parasitic effect to 1/400 of its value is a very unpromis¬ 
ing task, so that readings to 0.01 microvolt will generally be accompanied by pre¬ 
cautions against the occurrence of any parasitics approaching 4 microvolts in value, 
and in that case the resistance adjustment might still be preferable. 

9 (a) It is possible to record and apply a correction instead of adjusting the scale, 
but this is more laborious, complicates the record, and unless one is very systematic 
about it, may be a source of mistake. The correction must be applied to every accurate 
reading, while the adjustment, once made, is good for from one to ten minutes. ( b) 
Instead of the deflection produced, the electromotive force itself may be compensated, 
by means of a device which is really a littb* potentiometer, made of a 'battery, a high 
resistance, and a very small variable resistance (A. D. Pal m er, Phys. Rev., 21, 72 (1905)# 
and several other writers). This method, however, is not valid unless either (1) the 
resistance is kept constant, or (2) the galvanometer is first made to read zero on open 
circuit. But (1) with resistance adjusted to be constant this method is more com¬ 
plicated than the movable scale, without any countervailing advantage, while (2) 
in the other case it requires two adjustments, of which the one on,open circuit is very 
tedious with moving coil galvanometers. The method, however, might still be worth 
while in very delicate measurements, especially if. as is likely to occur with them, the 
galvanometer was of the Broca type, which is damped on open circuit, (c) Another 
method of eliminating the effect of the parasitics is to reverse simultaneously both the 
battery and the thermoelement, by means of two commutators operated together, 
when half the algebraic sum of the two deflections obtained is the true deflection. Here 
the resistance is bound to be constant without any special arrangements, but this, as 
has been stated, is practically no advantage for precision not greater than to 0.1 micro¬ 
volt, since constant resistance is needed also to give constant galvanometer sensitive¬ 
ness; on the other hand, the method carries to an even greater degree the complexities 
of record and other defects which result from recording the zero reading, and this dis¬ 
advantage, it is evident, is especially great in reading varying electromotive forces. 
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ment, be “neutral” that is, free from parasitic thermal electromotive 
forces. Thermoelectromotive forces are necessarily absent where no 
temperature difference exists, a condition which is often secured in switches 
by immersing them wholly in oil. This troublesome precaution, however, 
is quite unnecessary in working to o. i microvolt. Both the switch and 
the thermoelement leads can very easily be made sufficiently neutral, 
under all temperature conditions ordinarily occurring, by taking advan¬ 
tage of the uniformity and homogeneity now characteristic of the ordinary 
commercial copper sold for electrical purposes. 1 

There is, first, no danger of trouble along any single uninterrupted 
length of copper wire. Second, the very slight differences in thermo¬ 
electric quality which may possibly exist between wire and terminal 
are rendered harmless by the fact that these may all easily be made to 
occur in pairs, in each of which the two members are dose together (and 
therefore always at the same temperature), and so connected that the 
exceedingly minute thermal forces either oppose each other or (in the 
eliminating switch) are substituted one for the other. And finally, the 
presence of thermal forces in the contact surfaces can be very easily pre¬ 
vented by appropriate methods of construction. These forces, whose ex¬ 
istence is perhaps not universally recognized, are due to the fact that 
wherever two pieces of the same metal come together, whether 
soldered or not, the material right at the contact surface is 
thermoelectrically deddedly different from the rest. As long 
as the two metals on each side of this thin layer are at the same 
temperature, no trouble whatever results, but appreciable 
thermal forces are produced if thefe is a temperature gra¬ 
dient through the contact layer A very effective way to pre¬ 
vent the formation of such a gradient in a temporary contact is 
to make the contact occur between two thin flat strips of 
metal, which will evidently come immediately to a common 
temperature, if the contact is good. A knife switch is excel¬ 
lent in this respect, but a still more effectively neutral contact 
is obtained by means of a very thin strip of copper, pulled 
into a spring dothes-pin, which serves as a clamp to main- 

Fig 2.— tain pressure on the contact. Cables or wires terminated by 
Quick, mov- such contacts (Fig. a), which are made to grasp other thin 
strip# of copper, can be thoroughly recommended for the con- 
thermoelec- nec ^ otl between the thermo-element and the eliminating 
trie”) con- switch, being rapid, adaptable, exceedingly cheap, and thermo¬ 
tact electrically unexcelled. 

This type of contact, by the way, really has a very wide range of proflta- 
1 For data as to this, sec “The Thermoelement as a Precision Thermometer/* 1 
Pkys. Rh> , $z, 149 (1910). 
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ble use. I have U 9 ed them for miscellaneous connections, instead of 
plugs in resistance boxes, as commutators, etc. (by suitable arrangements 
of several copper strips), and for several years as regular potentiometer 
switches. They really excel binding posts for most purposes and plugs 
for many, both on account of their quickness and because the spring in¬ 
sures that they will not spontaneously become loose, but as switches they 
are a little less convenient than some other arrangements, and are recom¬ 
mended mainly by their low cost and ease of installation. 

Where two pieces of copper are soldered together, the same general con¬ 
dition obtains as in a temporary contact; that is, there is a thin intervening 
layer which must be free from temperature gradient. If one of the mem¬ 
bers is a wire, the equalizing effect of the broad contact is no longer fully 
obtained, hence it may be well to bring the two conductors to the same 
temperature before they reach the contact, which is done by putting them 
close together with thermal but not electrical contact (Wenner). In the 
clothes-pin contacts, this means merely folding the flat copper strip to¬ 
gether over a part of the wire from which the original insulation has not 
been removed (Fig. 2), or, in the case of a more massive terminal, wind¬ 
ing the insulated wire around it and cementing with some electrically in¬ 
sulating varnish, such as shellac. 1 As far as I know, this precaution has 
not been observed to be necessary except when the terminal is rather 
massive, and therefore apt to differ considerably in temperature from the 
air, but it is so very easy to take that it is best employed for high precision, 
and by all means in the eliminating switch of Fig. 1, which ought to be 
quite above suspicion. 

The elimination of parasitic electromotive forces by means of the elimina¬ 
ting switch is very complete, and is dependent only on the effective neu¬ 
trality of the switch itself, which should therefore be carefully tested as a 
prelude to any work of precision. The test is easily and quickly made, 
after the leads have been soldered to the switch, and before these have 
been permanently connected to the other apparatus. The leads from the 
two end clips (Fig. 1) are connected together to one terminal of a galva-t 
nometer, the lead from the center post to the other terminal; a difference 
of temperature is produced between the end clips (by holding one awhile 
between thumb and Anger, foi instance); the change of deflection caused 
by throwing over the switch is then observed. 

Tests have been made here on four lots of switches, one of unknown 
make, the others, catalog numbers 710 and 980 of the Trumbull Electric 

1 The wires should of course be as fine as is convenient. For the outer connec¬ 
tions, where some strength is required, anything not larger than 22 cable (7 strands 
of 0.25 mm. diameter each) is unobjectionable, though for the stationary neutral connec¬ 
tions much finer wire (0.2 mm or less) had better be used, since its U9e entails no in¬ 
convenience. 
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Company. The contact dips were bent-up copper strips (Fig. 3), a form 
jfTM _ perhaps more likely than machined contacts to resemble 
I If Ji the knife in quality of metal. With one dip heated by hold- 
11| | | nag an incandescent light against it for several minutes the 

I «hL| first deflection on throw-over was o. 5 microvolt, falling in 5 
seconds to 0.1 microvolt, which lasted somewhat longer. 
Other similar tests gave comparable results. 

There appears, therefore, no doubt that under reason- 
Fig. 3.—Con- able conditions these switches would never show a permanent 
parasitic force approaching o. 1 microvolt. To make cer¬ 
tainty still more certain, however, it seems worth while to 
shield from drafts, as can be easily and simply done by an inverted box, 
perhaps using pull rods to work the switches, which in that case should 
have the longer bent knives mentioned above. 

The substitute coil Z should of course also be thoroughly neutral. To 
make it so, the ends of the manganin coil are joined to very fine copper 
terminals, the junctions are brought as dose together as possible and so 
wrapped or enclosed as to shield them from uneven temperatures without. 


tact dip of Fig. 
1, in detail. 


7. The Galvanometer. 

The work here in view demands from the galvanometer nothing extraor¬ 
dinary or spedal. The period need not be less than 5 seconds; the neces¬ 
sary external resistance will not be more than from 60 to 300 ohms, de¬ 
pending mainly on the thermoelement used; the sensitiveness, for reading 
to 0.1 microvolt, should be 1 mm. per microvolt at 2 meters distance, 
that is, one scale division should correspond to a microvolt, and tenths, 
should be easily estimated. Moving coil galvanometers of greater sensi¬ 
tiveness than this are now regularly catalogued, while at least two con¬ 
cerns furnish galvanometers whose efficiency is over twenty times that 
just stated. 1 This prescription, however, supposes a steady support for 
the galvanometer. Vibration of the building may lower the effective 
sensitiveness to one-fifth of its proper value, and may thus diminish the 
number of moving coil instruments available for a precision of o. 1 micro- 
* volt. But some of them would evidently still suffice, while a less precision 
than o. 1 microvolt suffices in most cases. Of course, galvanometer diffi¬ 
culties are not an affair of the thermoelement alone, but affect it rather 
less, if anything, than they do the resistance thermometer. 1 

1 One of these*is a moderate-priced instrument of the Cambridge Instrument 
Company, with a period of Only 2.8 sec., a circuit resistance nearly 300 ohms, and a 
sensitiveness of four millimeters per microvolt at 1 meter. (For thermoelectric work 
with this instrument the resistance should be increased at the expense of the unneces¬ 
sarily short period or .of the sensitiveness, which would usually be excessive.) The 
other is a special galvanometer of the Leeds and Northrup Co. 

* Because the microvolt sensitiveness of the resistance thermometer, as ordinarily 
used, is less, and the required galvanometer sensitiveness, therefore, greater than with 
the thermoelement. 
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If the type of galvanometer available more than meets requirements, 
convenience dictates that soine of the extra efficiency, at least, should 
lie in the direction of high resistance, for this makes the circuit less sensi¬ 
tive to changes of resistance, and hence diminishes the care and attention 
needed to secure the constant galvanometer sensitiveness which permits 
rapid observing. Little gain comes from having the sensitiveness much 
more than sufficient to permit estimating the smallest unit which is to 
be recorded. A satisfactory combination is: microvolt sensitiveness, o 5 
(that is, o 5 mm. at 1 meter—the same as 1 mm. at 2 meters); period 3 to 4 
seconds: resistance as high as possible up to 1000 or 1200 ohms. The 
makers of galvanometers can advise regarding the attainment of the most 
satisfactory performance in any particular case. 1 

Many galvanometer installations could easily be given higher effective 
sensitiveness by the use of a more powerful telescope. In most cases, 
also, the sensitiveness can be nearly doubled simply by putting the scale 
nfuch farther from the mirror than the telescope is—a device presumably 
well known, but surprisingly little used. 

For high temperature work and in other cases where a precision of 
only a microvolt is counted sufficient, the galvanometer may be less sensi¬ 
tive, and therefore cheaper and a little less delicate to handle, b\u in such 
work high resistance and shortness of period are often more important 
than in calorimetry. 

8. Special Conveniences of the Thermoelement System. 

The very simple eliminating switch with its neutral contacts, the fairly 
sensitive galvanometer, and an appropriate potentiometer (to be considered 
later)are the three special features required by the auxiliary system of the 
precision thermoelement. That system offers two other features which 
are of great convenience, namely, facility in reading different instruments 
during the same observation, and facility in using large deflections of the 
galvanometer so as to simplify observing. Both are possible with other 
systems, but are especially effective with this. The reading of different 
instruments is somewhat dependent on the design of the potentiometer, 
and will be treated along with it in a following paper# 

9. Deflection Reading. 

One great and largely unappreciated advantage of thermoelement 
and potentiometer methods is the ease with which switch manipulation 
can be diminished, and time and errors accordingly saved, by the accurate 
reading of relatively large galvanometer deflections. 

The relations of all-deflection, partial deflection, and null methods, 
are well illustrated by the case of the balance. An all-deflection instni- 
1 Some help may also be obtained from a rather technical discussion in “Every-Day 
Problems of the Moving Coil Galvanometer,” Phys. Rev., 23, 382 (1906). 
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xx^emt is the spring balance, quick but relatively inaccurate. The null 
method, accurate but slow, is obtained when the beam balance is counter¬ 
poised till it reads exactly zero. The partial deflection method, inter¬ 
mediate in speed, but quite equal to the null in precision, is merely the 
ordinary practice, where the last figures of the result are read with the 
pointer. It requires, of course, a moderately constant sensitiveness. 

In electrical measurement, the obtaining of an exact balance is usually 
less tedious than in weighing, and the maintenance of constant galvan¬ 
ometer sensitiveness is usually troublesome with the Wheatstone bridge, 
and also with some potentiometers, hence for electrical work of precision 
null methods have been extensively used. From this fact, probably, has 
arisen the tendency, sometimes apparent, to think of null methods as the 
only possible precision methods in electrical work, which has in one case 
resulted in the wholly unwarranted assertion that partial deflection 
methods are intermediate in precision as well as in speed between all 
deflection and null methods. In reality, partial deflection reading gives 
quite as much precision in electrical work as null methods do, while with 
appropriate potentiometers its speed and other advantages are obtained 
with very little inconvenience. 

The partial deflection method here considered, like the best methods 
of weighing, has the sensitiveness not merely constant, but in some stand¬ 
ard unit, so that the last figures of the result are read directly from the 
scale, and annexed to the switch reading without addition or subtraction. 
The proper degree of sensitiveness is obtained by proper selection of scale 
division length and scale distance. Fig. 4 shows a very convenient method of 



Fig 4.—Positive scale with zero at the center, for partial deflection reading, 
numbering the scale, which makes all the readings positive and yet brings 
the zero' at the middle. It is obtained by adding 1000 to the negative 
readings as the scale is numbered. 

To maintain constant sensitiveness during any set of observations, it 
is only necessary to keep the galvanometer circuit resistance constant. 
The reason why the thermoelement system especially favors deflection 
reading is because the resistance of most thermoelements never varies 
much, and because the potentiometer can easily be made to have a con¬ 
stant resistance in the galvanometer circuit. 1 The very slight changes 
in galvanometer sensitiveness due to other causes can be corrected by 
1 In case it does not have this, a hand regulation of the circuit resistance is easy 
and well worth while, except where frequent and considerable changes of the potentiom¬ 
eter setting are being made. See *'‘Potentiometer Installation/’ Loc. tit., pp. 337-340. 
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adjusting the circuit resistance or by varying the scale distance, as may be 
convenient. The sensitiveness can, of course, be adjusted or verified in 
a moment at any time, since it can be tested, while any nearly constant 
electromotive force is being read, by merely moving one of the switches 
and noting the resulting change of deflection. 

Where different thermoelements (or other apparatus in their place) 
are used, the necessary constancy of resistance is secured by inserting 
in the circuit with each a small, neutral , “complementary“ coil, so adjusted 
that the combined resistance of coil and thermoelement is, to a rough 
approximation, the same in every case, and equal to the coil Z of the 
eliminating switch. 1 Since these coils help to secure not only the ad¬ 
vantages of deflection reading, but also the most convenient method of 
eliminating parasitic forces, the very slight labor of making them is well 
worth while. As a rule, the ease and convenience which recommend 
this method are destroyed by an attempt to keep the galvanometer sensi¬ 
tiveness certainly constant to 1 per mille. It is therefore generally best 
to read only the last two figures of the result on the galvanometer, which 
calls for complementary resistances adjusted to at most o 5% of the 
total galvanometer circuit resistance, that is, only to one ohm or more. 

The advantages of deflection reading lie in several direction. There 
is first, in general, the evident gain in convenience and speed, with at¬ 
tendant diminution of the chances for mistakes in recording, and also, 
incidentally, a reduction, sometimes very important, of the number of 
switch dials needed in the potentiometer. Second, there are special ad¬ 
vantages wherever, as in most thermal work, the electromotive force 
read is varying. 

In such determinations, the only way to work the null method is to 
observe the more or less irregular times at which the scale reading passes 
through zero for different previous settings of the switches. A chrono¬ 
graph is needed for any considerable precision, and the simultaneous fol¬ 
lowing of two or more differently varying temperatures, often essential 
and nearly always desirable in melting point and recalescence work, is 
difficult and confusing. When deflections are read, on the other hand, 
the observer, watching the scale while he gets the exact instant of reading 
from the ticking of his timepiece or from a bell signal, easily takes accu- 
1 It is convenient to make the terminals of these coils consist of two flat copper 
strips, 3 or 4 cm long, close together and separated by mica or celluloid, which are 
put in the circuit by being inserted between the line and switch terminals, as these are 
clamped together. A very compact, convenient, and easily construed arrangement 
results if the copper strips are made to hold the coil (laid flat) between them, being 
held together by bending the edges of one over the other, of course with an insulating 
strip between They are stamped or marked to indicate with what thermoelements 
they may be used. The manganin wire of the coils is connected to the terminals by 
means of fine copper wire, with other precautions as already described for neutral 
coils in connection with the description of the coil Z. 
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itttdy timed readings without the chronograph; frequent leadings of differ¬ 
ent varying temperatures present no difficulties; mid the equal tuning of 
the Observations greatly facilitates their subsequent treatment. 

The latter point is important in calorimetry. As a rule, most of the 
observations in calorimetry relate to the cooling correction, and are worked 
up to get the average temperature for a given period of time. For the ir¬ 
regularly timed data given by null readings, the best method of reduction 
Is to plot and apply a planimeter. But this graphic treatment, very 
properly recommended as a great saving of labor by those who have had 
in view the null method data, is clearly much more trouble than the sim¬ 
ple addition which alone is required for the data obtained by deflection 
reading. Hie observer, therefore, will very soon be repaid for the slight 
labor needed to fit his installation for deflection reading. 

The summary is combined with that of the following paper. 

POTENTIOMETERS FOR THERMOELECTRIC MEASUREMENTS 
ESPECIALLY IN CALORIMETRY. 

Bv Walter p. Whits. 

Received July 20. 1914. 

In order to be well adapted for accurate thermoelectric work, a potenti¬ 
ometer shot^d show a precision of o.i microvolt, because this precision, 
as a rule, can readily be reached in the connections and galvanometer, 
and to fall short of it in the potentiometer involves a waste of facilities, 
limiting by so much the efficiency of the thermoelement. There are also 
other features which, though not essential, are desirable in a potentiometer 
for thermoelectric purposes. The range, however, may be relatively low, 
so that such potentiometers, in spite of their high precision, are of relatively 
low cost. To avoid confusion it may be well to point out that some slide- 
wire instruments, specially designated as “thermoelectric/* have little in 
common with the instruments here considered, and are, in fact, peculiarly 
undeserving of their name on any grounds, having almost no feature which 
specially adapts them for thermoelectric work, and several which hinder. 
These potentiometers, however, like most others, are satisfactory in many 
cases, and particularly in high temperature measurements, where the 
sensitiveness, and usually the precision also, of the thermoelement, is far 
in excess of requirements. 

z. Erifeenti&ls of the Potentiometer in General. 

A potentiometer is a row of resistances in series, through which a cur¬ 
rent, the “auxiliary” current, is passed from a constant battery. This 
current is kept constant by occasionally adjusting it so that the “drop” 
(potential difference) through a fixed resistance balances a standard cell. 
Then, since in a simple circuit the drop k proportional to the resistance, 
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any desired voltage within the range of the instrument can be obtained by 
connecting to two points of the circuit, between which lies the appropriate 
resistance. This is illustrated in 
Fig. i, where P and Q are the 
points, POQ the resistance, B the 
battery. In the actual instrument, 
the contacts at P and Q are the 
movable contacts of dial switches or 
slide wires. To measure an unknown 
electromotive force, the unknown, X, 
is connected across P and Q, which ——— 

are then moved SO as to adjust P O Fig i —Potentiometer, simplified. B, bat- 
Q till a galvanometer shows by the tery; P and Q, contacts; G, galvanom- 
absence of any deflection that the 
unknown is balanced by the voltage 
drop of P O Q, or else, and preferably, an approximate balance is quickly 
made, and the outstanding difference at once indicated by the galvanom¬ 
eter deflection. 


0 
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eter; X, unknown electromotive force to 
be measured. 


The reasons for the superiority of this second, or “partial deflection/* 
method are given in the preceding paper, Section 9; the necessary condi¬ 
tion for it is constant sensitiveness of the galvanometer which, in practice, 
is an affair mainly of constant resistance in the galvanometer circuit. 
The galvanometer circuit resistance consists, first, of the thermoelement, 
galvanometer connections, and ballast, all of which are practically constant 
in resistance, and second, of the resistance between P and Q in the potenti¬ 
ometer. In the figure this resistance is the variable resistance POQ 
slightly modified by the shunting action of the larger resistance P B Q, 
but in the best potentiometers the total resultant resistance added 
to the galvanometer circuit by the potentiometer is, by suitable arrange¬ 
ments, made constant, and therefore is usually quite different from the 
resistance, POQ. 

2. Features Necessary and Desirable for Thermoelectric Work. 

In addition to the obvious and universal requirements of accurate ad¬ 
justment and adequate insulation, the characteristics desirable in a 
potentiometer for thermoelectric work are the following: 

(a) There must be no uncertain resistance (such as a contact resistance) 
in P O Q. Even a ten-thousandth of an ohm is usually quite inad¬ 
missible. 


(6) The movement of the switches must not change the resistance in 
series with the battery by as much as 0.00001 of its value, that is, by 0.1 
ohm or less, as the case may be. Such a change evidently produces a 
proportional effect on the reading. (In a potentiometer arranged strictly 
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as in Fig. i the motion of the switches can not affect this resistance at all, 
but in some instruments it may.) 

(c) The galvanometer circuit resistance should not be changed as much 
as 0.5% (that is, as much as one ohm in some cases) by any variation in 
the resistance POQ, since such a change restricts the use of deflection 
reading and therefore hampers work seriously. 

(d) The parasitic thermal forces in the galvanometer circuit should be 
small, and should not be changed by the motion of the switches; that is, 
the potentiometer should be thermoelectrically neutral. This is much less 
important for the higher-valued dials than for the lower, since the upper 
dials are not likely to be so often shifted after the adjustment has been 
made to eliminate the effect of the parasitic forces. If the potentiometer 
is not neutral the result is an inconvenience in working, but not necessarily 
any error. 

(e) The resistance should not be too low nor too high. A satisfactory 
resistance is that which makes the battery current 1 milliampere. A cur¬ 
rent as great as twice this begins to cause too great variability in the voltage 
of a convenient size of .storage battery; a resistance three times as high or 
more may cut down unduly the galvanometer sensitiveness, but may 
often be desirable. 

3. Types of Potentiometer. 

The attainment of these features is complicated by one requirement 
not indicated in Fig. 1, and that is the need for a greater subdivision of 
the working range than is given by the two switch dials represented there. 
It is convenient to classify potentiometers first according to the method of 
making this provision. 

(a) By Series Coils .—In one class (Feussner), additional dials are in¬ 
serted to vary the resistance between P and Q (Fig. 2). * This arrangement 
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is not neutral, and, above all, the switch contact introduces too great 
uncertainty into P 0 Q. The older Wolff potentiometers are of this 
kind. Although excellently built instruments, they show, unless well 
cared for, or with a little exposure to hydrogen sulfide, etc., uncertainties 
of io microvolts or more, corresponding to a switch contact resistance of 
o.i ohm. Well cared for, they are reliable to a microvolt, but for other 
reasons are not very convenient for thermoelectric work, even with this 
low degree of precision. 

(b) By Slide Wire .—In another class of potentiometers one of the con¬ 
tacts represented in Fig. i is upon a slide wire, which, with a dial switch 
for the other contact, gives sufficient subdivision of the range (Fig. 3). 
These potentiometers are cheap and widely used. 

Their proper field is the measurement of rather 
large voltages by null methods. For accurate 
thermoelectric work they have several disadvan¬ 
tages: (1) The parasitic forces at the sliding con¬ 
tact frequently reach a large fraction of a micro¬ 
volt, even in the best instruments. (2) Changes 
of setting take much longer than in all-switch in¬ 
struments, at any rate where deflection reading Fig. 3—Genern plan of slide 
is practiced. This often almost precludes using wire P° tent,ometer - 
the potentiometer to read more than one thermoelement in the same ex¬ 
periment. (3) The galvanometer sensitiveness is necessarily changed by 
the motion of the switches, unless a ballast resistance is frequently ad¬ 
justed to correct the variation. (This adjustment is well worth while if 
necessary to secure deflection reading, but it is better to get the same 
advantage without it.) Under slightly unfavorable conditions (such as 
the presence of even a little corroding gas) or in any but the best instru¬ 
ments, the slide-wire contact resistance is so uncertain as to preclude de¬ 
flection reading altogether. 

These potentiometers, though low-priced for their range, are not, ab¬ 
solutely, as cheap as some lower range instruments of higher precision, 
and there is therefore seldom any reason for preferring them when pur¬ 
chasing an instrument to use with thermoelements’of any description. 
Instruments already in hand, however, if of the newer and better types, 
may often be successful, if rapidity is not important, and enough thermo- 
•element sensitiveness can be provided to render sufficient a precision of 
0.3 microvolt. 

(c) Split Circuit Potentiometers .—Several types of potentiometer pro¬ 
vide additional dials by the device illustrated in Fig. 4. Here the contacts 
P and Q move on two parallel lines of resistances from points (O and O') 
originally at the same potential. It is then possible by shunts or external 
•contacts (not shown in Fig. 4) to make changes in the potential of either 
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Par Q which are additional to and independent of those produced by shift¬ 
ing P or Q, and which do not introduce either contact resistances or thermal 
n forces between P and Q, nor ap- 

J(X preciably alter the galvanometer 

/- sensitiveness. Three such de- 

I -- J vices are elsewhere discussed; 1 one 

1 # j of them, that invented by Wen- 

H O \ ner, can be so arranged that no 

OL appreciable error will result from 

_J a change in contact resistance as 

great as 0.0003 of the battery cir- 
Fig 4—General plan of split-circuit poten- cu jt resistance, that is, in many 

tiometer cases as gj. eat as Q ^ 0 h m4 All 

these arrangements require double switches, that is, dial switches making 
two separate contacts at the same time. 

It appears, then, that in these split circuit potentiometers some of the 
dials fulfil all the requirements for thermoelectric work enumerated above. 
For the contacts P and Q so completely satisfactory a result can not be 
obtained, but a choice must be made between very slight evils, which arise 
as follows: It is possible to have these contacts in the galvanometer cir¬ 
cuit, as in Fig. 1, or else in the battery circuit as in Fig. 5. The switches 
will of course have to a slight extent 
both parasitic forces and resistance. 

If they are in the galvanometer cir¬ 
cuit, the battery current will be 
completely unaffected by them, and 
their resistance will therefore be of 
no importance, so that very simple 
switches can be used, but their slight 
thermal forces will be effective, and 
the potentiometer will not be com¬ 
pletely neutral unless they are neu- Fig 5 — Potentiometer with neutrally-ar- 
tral. If the contacts are in the bat- ranged ("antithemodectric”) contacts 
tery circuit, the galvanometer circuit will be quite unaffected and the slight 
thermal forces will be swamped by the battery voltage, so that the poten¬ 
tiometer will be neutral, but the contact resistances will affect the battery 
current, and excellent switches of very low resistance will be needed to keep 
that sufficiently constant. Either arrangement is satisfactory as a rule; 
neither the resistance nor the thermal electromotive force of a suitable 
switch is large enough ordinarily to cause appreciable error in these two 
dials. For reading to 0.01 microvolt the absolutely neutral arrange- 

1 “Einige Netie Doppelkompensatoren,” Walter P. White, Z. Instr 34, m-113,. 
143-6 (1914)- 



g 5 —Potentiometer with neutrally-ar¬ 
ranged ("antithermoelectric”) contacts 
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ment/ with switches in the battery circuit, seems preferable; the other is 
certainly preferable if there is any liability of injury to the contacts from 
corrosive gases. It is worth noting, that as to the thermal forces the 
eliminating switch 1 takes care of them, and also renders it impossible for 
the observer to be in doubt as to their presence or absence, while errors 
due to contact resistance , on the other hand, are not eliminated or com¬ 
pensated, and are not likely to be even discovered unless specially looked 
for. This means, however, not that the potentiometer with interrupted 
battery circuit has any considerable chance of unsuspected error when 
properly cared for, but rather that the other is “fool proof” to an unusual 
degree. The advantages of both arrangements are substantially secured 
by putting the contacts in the galvanometer circuit, and making them 
neutral.* A potentiometer upon this principle is now in use in this lab¬ 
oratory, 2 but is at present not regularly on the market. Split-circuit 
potentiometers of the interrupted battery circuit type 8 are made by Wolff 
of Berlin, according to a design by Diesselhorst. One of them, a three- 
dial instrument, can be recommended for thermoelectric work, and is 
very low in price. 

The galvanometer circuit resistance in this Wolff-Diesselhorst instru¬ 
ment is ordinarily about 14 ohms. It will be advantageous in most cases 
to order the instrument made with a resistance ten times as great. 4 In 
the galvanometer circuit the increase will merely go to displace some of 
the ballast necessary to make up the desirable 300 to 1000 ohms (see the 
preceding paper, Section 7), while the battery will be steadier and the 
possible switch contact resistance error 6 will be diminished. 

The slight, easily avoidable, switch contact resistance difficulties en¬ 
countered in potentiometers such as that just discussed should by no 
means be confused with those inherent in resistance measurements. The 
allowable resistance in a switch of the combination potentiometer, next 
to be described, is from 3 to 10 ohms; in the Diesselhorst potentiometer 
it is about 0.01 ohm, raised to about 0.1 ohm by the increase in total re¬ 
sistance just recommended, while with many resistance thermometers it 
must be as low as 0.00001 ohms, for the same thermometric precision. 

The constancy of the galvanometer circuit resistance is not appreciably 
affected by changes of the contacts P and Q in the Diesselhorst potenti- 

1 Described in the preceding paper, Section 5. 

2 Z. Instr. {hoc. cit ), pp. 75-78. 108-113, 149-150. 

* Z. Instr., 28, 1 (1908). 

4 This will cause no increase in cost, as Herr Wolff informs me. 

1 The order of magnitude of this error can be found in this particular instrument 
by noting the change in the auxiliary current (as measured against the standard 
ca dmium cell) which is produced by shifting the switches of the upper two dials. Those 
versed in electrical measifrements can also easily find the error of the switches by 
measuring the potential drop through the contacts. 
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ometer, since these dials are like Fig, 5. In instruments where P and Q 
are like Fig. i, auxiliary coils (not shown in Fig. 1) should be added to 
compensate for the changes produced by moving P or Q, as is done in sev¬ 
eral of the Geophysical Laboratory potentiometers. 1 These coils do not 
complicate in any way the single contact switches, and they make the 
total number of coils the same as in the other type, since in that type 
similar (but more accurate) coils are needed to keep the battery circuit 
resistance constant. 

(d) The Combination Potentiometer .—A fourth method 2 of adding dials, 
and one well suited to thermoelectric work, is to connect two otherwise 
separate* potentiometers in the same galvanometer circuit (Fig. 6). Four 
ft dials in all can thus be ob- 

JjX tained, which is perhaps the 

-''- \jf\ most advantageous number for 

a low range. The potentiom- 

P 9 0 i -^ £ eter giving the two lower dials 

^ Y 4 , V Q'\ _ may, without detriment to the 

f J p galvanometer sensitiveness, be 

V VjTb J ^ vJ/b 1 - J given a battery circuit resist- 

Fig. 6.— General plan of 4-dial combination poten- ance of 20,000 ohms or more, 
tiometer. Owing to an oversight, the primes These dials may therefore be of 
here apply to the upper two dials, not the lower, the type of Fig. 5 without any 
as in Fig. 11. danger of uncertain battery 

circuit resistance, so that the lower dials are far freer from both resistance 
and thermal e. m. f. troubles than are those of a split-circuit potentiometer. 
The upper potentiometer may be of either type, just as with the split- 
circuit instrument, but the more reliable uninterrupted battery circuit ar¬ 
rangement seems best. Two batteries are required, which is an obvious 
complication. This difficulty, however, as experience has shown, is dis¬ 
tinctly of trifling account, and is offset by several advantages, among 
which are the simplicity and intelligibility of the electrical arrangement, 
the ability to check the values of the coils at any time by working one 
potentiometer against the other, and the fact that all the switches are 
single. The instrument as shown here is also far safer from contact re¬ 
sistance error than any low-range instrument on the market at present. 
The mechanical and electrical simplicity of this design render it an easy 
one to get built to order, and thus recommend it where any special features 
are desired, such as* independence of switch contact resistance, or pro- 
1 “Potentiometer Installation,” Loc cit , p 349; Z. Instr , 27, 216 (1907); 34, 
108-9 (1914) {Loc cU ) 

1 Suggested but condemned by H Hausrath, Ann. Phys , 17, 740 (1905). De¬ 
scribed in Z Instr , 34, 14^-148 (1914) {Loc. ctt). f 

•The two potentiometers, however, easily may be, and preferably should be, 
balanced by the same standard cell. Of course they may also be in the same box. 
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vision for the double potentiometer arrangement described in Section 5 
below. For a double potentiometer this design has another advantage, 
since the single switches make it especially suitable for the very inex¬ 
pensive master switch arrangement described in Section 6. 

(e) Choice of Instrument .—It follows from the above that there are three 
potentiometer types which are thoroughly satisfactory for thermoelement 
work of precision: the split-circuit type with uninterrupted battery circuit 
(Geophysical Laboratory), the combination potentiometer (Fig. 6) and 
the Diesselhorst potentiometer when made with tenfold resistance. Of 
these the first is not regularly manufactured at present. The combination 
potentiometer, though not yet regularly listed, is easy to procure, on ac¬ 
count of its simplicity, and the Diesselhorst is a stock article. Of the two, 
the combination potentiometer requires a very little more routine manip¬ 
ulation, but requires less care, and is preferable. 1 

4. Special Switch Connections. 

(a) When in making the adjustment for eliminating parasitic electro¬ 
motive forces, the switch of Fig. 1 in the preceding paper is thrown, inter¬ 
rupting the battery current through the potentiometer, it is still often 
necessary that a battery current of about the same amount should flow 
somewhere, for unless the current is very small indeed, 0.0003 ampere or 
less, its discontinuance will generally cause a perceptible variation in the 
voltage. The necessary substitute current is readily provided by con¬ 
necting a suitable resistance between the other end of the battery and the 
clip A in Fig. 1. 

A new and better way for low range potentiometers is to connect the 
clip A to a point between the two potentiometer terminals, so locateu that 
the current will still flow much as before through most of the circuit, but 
will pass around the coils used to balance the unknown, the only ones in 
which the current needs to be interrupted. To do this the regular con¬ 
nection from the switch runs to the regular potentiometer terminal nearest 
in potential to the coils in question; and the connection from A runs to a 
dial contact block just the other side of them. This block thus becomes 
an “intermediate terminal,” I of Figs. 8 and 11. The proper location of 
each terminal can be found by potential measurements upon the poten¬ 
tiometer top, or by tracing the circuit underneath it. 2 In split-circuit 
potentiometers the whole split portion must be cut out. 

The advantages of the method are that it dispenses with the substitute 
resistance, and that it avoids at all times the existence in the switch of 

1 Recent quotations, by an American manufacturer, on single and duplicate com¬ 
bination potentiometers, similar to that in Fig *i i, make that type, as it should be, 
the lowest priced of the potentiometers here considered (Aug. 14, 1914) 

1 A binding post connected to the intermediate terminal may be provided, but is 
not necessary. 
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large potential differences* and thus dispenses with the shielding arrange- 
saents often needed to prevent leakage errors due to these potential differ¬ 
ences. 1 This advantage holds even where the circuit resistance is so high 
that interruption of the current causes no unsteadiness, for the danger 
from leakage increases with the circuit resistance. 

(6) Most potentiometers have a key in the galvanometer circuit, often 
with several associated safety resistances to guard against excessive galva- 
Q nometer deflections. This com- 

bination is with moving coil gal- 
Jf / jL vanometers less convenient than 

\ssH 7 the arrangement of Fig. 7, which 

. - —\ can be made, at nominal cost, 

| : \ S from a couple of single-pole, 

-J — - C double-throw switches 2 and three 

A 0 WVr- resistances. The resistance of 
the coil H is 9 times that of the 
, [ ? T ) rest of the galvanometer circuit 

H • \ s J —that is, 9 times that in the 

' : 6 L±±^ potentiometer, thermoelement, 

J ) and associated resistances—5 is 

To thermoelement To potentiometer i°/8i of H. C is a very high 

, resistance, 100,000 ohms or so, 

Fig. 7.—Improved galvanometer switches r - .. , 

of graphite on glass. 

When the switch A is closed at the back end, the galvanometer is shunted 
so as to be properly damped for all positions of the switch B. With B 
open there is no deflection. Closing B at the back end gives a very small 
deflection, due to current through the safety resistance C. Bringing B 
forward again closes the circuit without C, giving exactly one-tenth the 
full sensitiveness. Bringing A forward disconnects S and short-circuits 
H, giving full sensitiveness. The usual practice will be, in starting an 
observation, to dose B for 1-10 sensitiveness, then set the dial switches, 
then throw A forward. On opening the circuit both A and B are throwji 
back together by a single motion. Continuous readings with 1-10 sensi¬ 
tiveness are, of course, often very convenient. 

This arrangement is discussed in Z. Itistr., 34, 78-82 (1914), (be. cit.) t 
where those interested can find further details. It is, of course, a privilege 
and not a requirement in potentiometer work, and it is therefore, for 
simplicity, not represented in Figs, 8 and 11 below. If used it would be 
between the galvanometer and the point marked T. 

1 These shielding arrangements will be described in a subsequent paper 
* The single-pole switches with short throw are advantageous They are a regular 
Itock article. 
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5 * Multiple Reading Arrangements. 

One virtue of electricity in all its applications is the ease with which its 
power may be applied by the mere touching of two conductors, and the 
consequent facility with which different apparatus may be combined, or 
used in rapid succession. Among measuring devices of precision the 
potentiometer-thermoelement combination possesses this facility in a 
high degree, owing to its indifference to contact resistance outside the 
potentiometer (and often within it); to its adaptability to the partial de¬ 
flection method, which favors rapid and varied measurements, to the 
quickness and ease with which equal and interchangeable thermoelements 
can be constructed; and to the power which the thermoelement has of 
giving readings with the galvanometer alone. Simultaneous measure¬ 
ments, that is, quickly alternating observations, of the temperature of 
different bodies or regions are sometimes essential and often recognized 
to be desirable, and would be found so still more often if convenient means 
for making them were at hand. 

With provision for getting the last two figures of the reading from the 
galvanometer deflection it will usually be satisfactory to make successive 
measurements of different temperatures by resetting the switches; there 
is nearly always ample time for this in calorimetry. 1 

Usually, also, some of the quantities measured are, or can be made to be, 
small enough to fall within the limits of the galvanometer scale; pro¬ 
vision for reading these by the galvanometer deflection alone can be made 
by a .slight addition to the auxiliary switch system, and much resetting of 
the switches thus avoided. Fig. 8 shows one arrangement for this purpose, 



Fig. 8 —Arrangement for combined direct and potentiometer reading of 4 thermo¬ 
elements. P, potentiometer; I, intermediate terminal; N, negative terminal; Rh, 
rheostat, B, battery; Z, t, substitute resistances; H, K, thermoelement exchanging 
switches; E, eliminating switch; D, potentiometer-cut-out, or direct-reading, switch; T, 
location of galvanometer and cadmium cell switches 

1 This remark may not apply to slide wire instruments. 
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operated by means of the double-throw knife switch D. Any one of the 
thermoelements (here 4 in number) can be instantly connected, either to 
the potentiometer, or else to the substitute resistance II, which is equal to 



Fig. 9.—Perspective of switches, showing double-ended knives, pull-rod connections, 
and method of working two switches together 

the constant galvanometer circuit resistance in the potentiometer. E is 
the eliminating switch of Fig. 1 in the preceding paper, here used 
with “intermediate” battery circuit connection, I, as described above in 
Section 4. 

Fig 9 shows a construction which favors the rapid operation of the other switches 
Without it, a resetting may involve three motions. First one thermoelement switch 
is opened, then the potentiometer-cut-out switch D is thrown across, and then the 
thermoelement switch is closed on the other side. By grasping at once two of the 
adjacent handles of Fig. 9, the observer can make this, the most common resetting, 
in one motion, and never need make but two. The thermoelements which are to be 
used with the far position of D, that is, with the potentiometer in circuit, are then on 
the far side of the switches H and K, those to be used with the near position of D are 
on the near side of H and K. This system avoids the chance of an unusual combina¬ 
tion's occurring by mistake, but does not destroy the possibility of making it whenever 
that becomes desirable. There is, however, surprisingly little danger of confusion, 
with this or any other system A habit of moving the switches correctly is formed 
literally in five or ten minutes 

In our switch the pull rods are merely pieces of wooden doweling. They run 
through guides at the back end also and each is connected to its switch by a pair of 
connecting rods cut from sheet brass 9trip. This arrangement works more smoothly 
and is perhaps a little easier to construct, also, than the one shown, which was chosen 
for representation as making a more easily intelligible drawing The handles to the 
switches are metal bars, slotted so as to fit very tight over the insulating cross bars 
of the switches and further held by screws. The object of this construction was to 
make the greatest possible provision against danger of having the handles work loose, 
which is almost the only way in which this kind of switch can give trouble. If D is 
to be used with 4 or more switches like H and K, its pull rod is best made of steel for 
stiffness. 

The simultaneous motion of the switches D and H or K is made automatic in our 
switch in the following way* D has a shorter handle, so that it is thrown by half the 
pull-rod motion needed by H or K. On the rod of D are two cross bars, as far apart 
as the throw of D (or half the throw of H, K, etc.) and so situated as to be pushed by 
pins passing through the rods of H, K, etc. Then, whenever any of the thermoelement 
switches H, K, etc., is thrown, it brings D into the right position, leaving the others 
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of the H, K set in the middle (open) position, and bringing to that open position any 
thermoelement switch that may have been set on the other side To make a setting, 
then, it is only necessary to grasp the handle of the proper thermoelement switch and 
throw that, when everything else will follow, except m changing from one switch to 
another on the same side, when two half throws are required An\ unusual combina¬ 
tion is readily secured by withdrawing the appropriate pm from its pull rod It may 
be well to remark that the less elaborate arrangement shown m the figure is quite 
satisfactory, but the installation of the more convenient automatic one should not cost 
an hour’s labor, and therefore seems generally worth while 

With the scheme of connections shown in Fig 8 the usual direct galvanometer 
connection to the potentiometer must be omitted during regular readings, but restored 
for the adjustment against the standard cell The necessary transfer is easily made 
by a ^ pole switch, as shown in Fig io The switch would be inserted at the point T 
The galvanometer terminals of the potentiometer are short circuited by the right- 
hand knife during regular readings, whe# the galvanometer is in the circuit at another 
place 


To potentiometer. 


It will often be desirable to read two different and rather large electro¬ 
motive forces in the same experiment, for which the arrangement just 
described is of course inadequate. 

Resetting of the switches can then usually be facilitated by a simple 
device As a rule the observation of two different temperatures will 
mvolve makmg first one setting, then a second, different oiu, then the 
first again, then the sec¬ 
ond, and so on, with G 

comparatively infrequent 
changes in either setting. 

Rut the time and effort 
of switch manipulation 
go mainly not in the 
mechanical operation of 
moving the switches, but 
in thinking where to 
move them and at the 
same time trying to be To switches 1 
sure that no mistake is D&E 
made. Most of the labor Fl « IO —Switch for makmg the cadmium cell connection 

is therefore saved if the ,n the arrangement of Flg 8 Inserted at T ’ F,g 8 
two alternate settings are limited by stops against which the switch can 
be quickly thrown without even looking, and which are shifted from time 
to time as the settings themselves change. Very convenient stops can 
be made of strips of thin hard rubber, which are inserted between the 
switch blocks. An indicator appealing to the eye may also be used. The 
dial switches are moved after one thermoelement switch is opened, and 
before the other is closed. Three or four seconds is ample time for the 
whole operation. 




Thermoelement Switches. 



rangement for making a double potentiometer out of a duplicate dial combination potentiometer. Lettering 
me as Fie. 8. with M. master switch: P\ N' and V refer to lower half of combination potentiometer. 
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switch. This gives a double potentiometer . 1 It can, of course, be made up 
as a complete instrument. In that case, especially if a split circuit in¬ 
strument is the basis, an adequate master switch which is also compact 
enough is rather expensive, and is preferably avoided by the gridiron 
construction already referred to. 2 But where extreme compactness and 
conventional finish are disregarded, as they may be if the observer con¬ 
nects his own apparatus, it is very easy indeed, especially with the com¬ 
bination potentiometer of Section 3 (d), above, to arrange a double po¬ 
tentiometer as efficient as the best. The master switch and accessories, 
made up of various knife switches, are shown as connected to a combina¬ 
tion potentiometer in Fig 11 The arrangement for reading by galvanom¬ 
eter deflection alone is also provided here, by means of the single switch 
m the middle 

The eliminating and potentiometer-cut out switches E and D are exactly as m 
Fig 8, except that E handles 2 batteries, but in place of the simple potentiometer of 
Fig 8 occurs the master switch M, leading to the combination potentiometer P M 
when thrown exchanges the upper dial switches in the galvanometer circuit and the 
lower dial switches in then battery circuit The battery circuit of the upper dials 
and the galvanometer circuit connection to the lower dials remain unaltered Rh 
are 3 rheostats for adjusting the two battery circuits and the galvanometer circuit 
For simplicity, the intermediate battery circuit terminals I and I' (of S* tion 4) are 
located as if most of each battery circuit resistance were in Rh, the exact place of 
the connection m practice will depend on the arrangement of the particular instrument 
used The other connections are exactly as they might be in any case, with a com¬ 
bination potentiometer 

The fact that a combination potentiometer is used with two batteries to adjust, 
of course makes the cadmium standard cell connection somewhat different from that 
of Fig 10 Fig 12 shows an arrangement calling for 2 ordinary 2-pole, 2-throw knife 
switches It is, of course, to be inserted at the point marked T ’ The leads at the 
ngfit run to fixed resistances such as are frequently used in potentiometers for the 


standard cell adjustment 

This particular arrangement 
is appropriate to a special instru 
ment, whose galvanometer con 
nection is intended to be made 
through the switches D, E, and 
M, with either a key, or a switch 
like that of Section 4 ( b ) in the 
circuit near the galvanometer 
A simple system for operat¬ 
ing the switches D, M, H, K, 
etc, is to have the thermo- 



Fig 12 —Cadmium cell switches for combination 
potentiometer of Fig 11 Inserted at T 


element switches at the nght-hand end of the line thrown forward and back m unison 
with M, according to the method illustrated in Fig 9. and the switches at the left 


1 Described and discussed in Z Instr , 34, 73-78 (19x4) (L°c ett ) First pro¬ 
posed, Ibtd, 27, 218 (1907) Triple potentiometers are of course possible, but the 
advantages decrease relatively, and the difficulties increase, as the number of sets of 


switches increases 


* Z Instr, 34, 1x1-142 (Loc at) 
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similarly thrown forward with 0, and also thrown back while D comes forward, using 
this last, less rapid combination for the least frequent readings. 

The arrangement of switches as shown here will be from 20 to 30 cm. wide if “15 
ampere” knife switches of stock type are used. Its depth will depend on the number 
of switches added to those shown here, and therefore on the number of thermoelements 
provided for. If pull rods are used, as in Fig. 9, a relatively large number of switches 
can easily be accommodated by putting them beyond those shown in the figure. A 
considerable extension of the switchboard in the direction away from the operator is not 
objectionable. There is, therefore, as far as table space is concerned, no difficulty in 
providing for as many thermoelements as any one is likely to use. 

Every essential connection and piece of apparatus has been here indi¬ 
cated. It therefore appears that the advantages of the double potentiom¬ 
eter can be obtained practically at the cost of a few knife switches, for 
the extra dial switches can be provided at negligible cost in several ways. 1 
If a combination potentiometer is made on special order, a duplicate set 
of regular dials will also cost comparatively little. 

The master switch here illustrated is, of course, readily applicable to any 
potentiometer whose switches do not need to maintain a very low contact 
resistance, but not as readily to any other. At present no such potentiom¬ 
eter is regularly made which is also suited for thermoelectric work, 
hence a special instrument, and preferably, for reasons given in Section 4, 
a combination potentiometer, affords the best means of realizing a double 
potentiometer. This, however, may be only a temporary situation. 
Meanwhile, those who need only a single potentiometer will generally 
find the Diesselhorst type satisfactory; those who need either a double 
potentiometer or special immunity from contact resistance error can have 
both, at no great expense, by means of a special instrument of the com¬ 
bination type. 

7. The Number of Dials Required. 

If the galvanometer deflection is utilized, three dials, with a maximum range of 
10,000 microvolts (as in some of the newer Diesselhorst-Wolff potentiometers), are 
quite sufficient for calorimetry. They permit reading to 0.1 microvolt, and up to a 
io° interval with a 24-couple thermoelement. For larger temperature intervals a 
part of the thermoelement can be used, and though the precision is then less absolutely, 
it will still be of the order of 1 in 50,000. 

For high temperature work, even with a single couple, readings above 10,000 
microvolts but below 20,000 are usually needed. They can be provided for with three 
dials by doubling the current, but the absolute precision is then reduced to o 2 micro¬ 
volt. (The double range can be obtained by putting two standard cells, in series, in 
place of one in an instrument intended for the single range, or it can be provided for 
in the original construction by the insertion of a suitable coil,.) 

Voltages above 20,000 are sometimes desirable. A four-coil instrument with 
range of 100,000 microvolts will provide for them, and with a somewhat lower range 

1 One method which we have had in use for five years is to screw, to the regular 
dial contact blocks, tongues of sheet copper 0.5 mm. thick and make contact with these 
by clamps like Fig. 2 of the previous paper. The relative slowness of this kind of a 
dial has proved to be but a trifling disadvantage in a double potentiometer. 
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<30,000 to 50,000) and a sufficiently sensitive galvanometer will, at the same time, give 
an absolute precision in reading of better than o 1 microvolt, which may be helpful 
in some cases. 

S. Intrinsic Merits of the Thermoelement-Potentiometer Combination. 

In view of the amount of detail contained in this and the preceding paper, 
the cursory reader would scarcely be at fault if he should get the impression 
that thermoelectric apparatus is elaborate and complicated, and its use 
beset by pitfalls and precautions. It therefore seems worth while to show, 
briefly, that the exact opposite is the case. The only essentials peculiar 
to this system are, as already stated, a galvanometer sensitiveness readily 
attainable, potentiometer excellences which are admirably embodied in 
two very low-priced designs, and a common copper knife switch, 
arranged as an eliminating switch with neutral leads. The amount 
of detail presented is due, first, to the attempt to give what are practically 
working directions in a generally unfamiliar subject, and second, to the 
presentation of arrangements for securing in the observations a rapidity, 
convenience, and comprehensiveness such as are seldom even thought of 
in most other systems. The net final effectiveness attained can be fairly 
well seen by a comparison with the calorimetric resistance thermometer, 
which has come to be widely recognized as an accurate and * onvenient 
instrument. 

(а) The relative precision required in the electrical measurement is more 
than a hundred times less with the thermoelement. 

(б) The thermoelement is well known to be far less affected by defects 
of insulation. 

(c) Parasitic thermal electromotive forces, the only other noticeable 
sources of error, require, for their elimination, an arrangement which, 
though a little more extensive in the case of the thermoelement, is quite as 
rapid and effective in operation. 

(d) The complications and errors arising from the resistance of contacts 
and leads, so prominent with the resistance thermometer, have been 
eliminated with the thermoelement. 

(e) Very rapid readings and readings made at definite instants of time 
are more easily secured with the thermoelement system. 

(0 The same is true of simultaneous readings of different temperatures, 
and of concomitant measurements of electrical energy. 

(g) The constancy or integrity of the multiple thermoelement can be 
quickly tested at any time, without interrupting or disturbing any de¬ 
termination that may be in progress. A corresponding test with the re¬ 
sistance thermometer necessitates placing it in a carefully prepared ice 
bath. 

(h) No correction for heat developed, or precautions to avoid undue 
heat production, are necessary with the thermoelement. 
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The thermoelement has the disadvantage that some body of definite 
thermal condition must surround the end not in the calorimeter. This 
necessity, which will be considered in a later paper, adds visibly to the 
apparatus required and slightly to the daily manipulation, practically not 
at all to the chances of error. But on the electrical side the calorimetric 
thermoelement appears superior in several respects, inferior in none 1 of 
importance. 

Summary of this and the Preceding Article. 

These two papers describe a type of auxiliary installation for thermo¬ 
elements which in high temperature measurement and other work of 
moderate precision is valuable for its convenience, quickness, and com¬ 
prehensiveness, and which is also capable of the very high precision often 
desired for calorimetry. 

(1) When a thermoelement is used with its two ends at nearly the same 
temperature, a condition easily provided in calorimetry, the relative pre¬ 
cision required in the electrical measurement falls to a value no greater 
than that desired in the temperature reading, and the most serious errors 
ordinarily affecting the electrical thermometer practically disappear. 

(2) The absolute electrical precision required is also comparatively low. 
With a convenient and easily made copper-cpnstantan multiple thermo¬ 
element of 24 couples, 0.0001° corresponds to 0.1 microvolt. 

(3) The satisfactory attainment of a precision of 0.1 microvolt demands 
two, and only two, special electrical instruments. The first is an arrange¬ 
ment for eliminating the effect of parasitic thermal electromotive forces. 
A common copper knife switch will perform this service admirably. 

(4) The second special requirement is an appropriate potentiometer, 
that is, one reliable to 0.1 microvolt. 

(5) The slide wire and Feussner potentiometers of 1 volt range or more 
now in common use are not thus reliable, and are otherwise unsuited for 
thermoelement work. Split-circuit potentiometers are satisfactory in 
this and all other important respects, and so are combination potentiometers, 
or potentiometers having two otherwise separate, very simple instruments 
in series in the same galvanometer circuit. A very low-priced split-circuit 
potentiometer is on the market; and the combination potentiometer, on 
account of its mechanical and electrical simplicity, is an easy instrument 
to build to order. 

(6) The potentiometer system, either with or without the thermo¬ 
element, is especially suited to simultaneous measurements of different 
and differently varying electromotive forces. Its convenience for such 
measurements can be increased by using a few pieces of hard rubber sheet 
as stops for the dial switches, and still further increased by arranging a 

1 This statement and some of the discussion immediately preceding, applies, of 
course, mainly to the measurement of small temperature intervals, as in calorimetry. 
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double potentiometer, with duplicate dials. One effective form of double 
potentiometer, which employs a master switch, can be arranged at the 
cost of a few knife switches and very little labor. An especially suitable 
instrument to arrange in this way is the combination potentiometer, all 
of whose dial switches are single, and free from contact resistance error. 

(7) Another convenience especially ea*sy to obtain with the thermo¬ 
element-potentiometer system is the power to take the last two figures of 
any reading directly from the galvanometer scale. It increases speed, 
simplifies manipulation, diminishes errors, and gives calorimetric data in 
a form specially convenient for further treatment. 

(8) For high temperature measurements and much other • thermo¬ 
element work not calorimetric, though the required precision may often 
be less, most of the features above described are desirable, especially the 
facility for simultaneous and direct readings. 

Geophysical Laboratory, 

Carnkoik Institution op Washington. 
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a study of the reaction of alkali salts of sulfonic 

ACIDS WITH ALKALI PHENOLATES BY 
DRY DISTILLATION. 

By Edgar H. Nou.au and Lloyd C Daniels. 

Received June II, 1914. 

By analogy to the reaction of alkali sulfonates with alkali hydroxides 
in the preparation of phenols, aromatic ethers should result from the dis¬ 
tillation of sulfonates with phenolates. Results confirming this idea 
having been obtained with the simplest mixture of the kind, viz., sodium 
benzenesulfonate and potassium phenolate, a study of the reaction was 
undertaken with a view to determining whether it is generally applicable. 
The trend of the proposed investigation is exhibited by the following 
mixtures that have been used: 

1. Sodium benzenesulfonate and potassium phenolate. 

2. Potassium toluenesulfonate and sodium phenolate. 

3. Sodium xylenesulfnnate and potassium phenolate. 

4. Sodium sulfanilate and potassium phenolate. 

5. Sodium toluidinesulfonate and potassium phenolate. 

6. Sodium a-naphthalencsulfonate and potassium phenolate. 

7. Sodium 0-naphthalenesulfonate and potassium phenolate. 

8. Sodium benzenesulfonate and potassium thymolate. 

9. Sodium benzenesulfonate and mono-potassium resorcinate. 
xo. Sodium benzenesulfonate and di-potassium resorcinate. 

11. Sodium methylsulfonate and .potassium phenolate. 

The problem was to find what radicals might be represented by R 
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and R' in the following general equation, and what substituent groups 
might be present in those radicals: 

RSO3M + MOR' « ROR' + M2S0 8 

The great variety of possible mixtures made it impossible to cover the 
whole field, but sufficient has been accomplished to show that the reac¬ 
tion is quite general. But few references could be found in the literature 
to methods for making aryl ethers of phenols and some of the methods 
that have been proposed result in rather poor yields. Following is a list 
of the methods, reference to which was found, with comments on their 
applicability and on the yields where the latter are stated in the original 
papers: 

I. Action of phenol on diazobenzene sulfate; W. Hoffmeister, 1 yield, 
very poor. Applicable to the preparation of mixed ethers. 

II. Action of anhydrous zinc chloride on phenols; Merz and Weith; 2 
yield, usually 6-8%. Not applicable to the preparation of mixed ethers. 

III. Distillation of aluminium phenolate; Gladstone and Tribe; 8 yield, 
about half of the phenolate distilled. Not applicable to the preparation 
of mixed ethers. 

IV. Action of potassium metaphosphate on potassium phenolate (dry 
distillation); H. von Niederhauesem; 4 yield, less than 1%. 

V. Action of phenol on a diazonium salt, phenol used to extract the 
diazonium salt from solutjpn before the reaction; R. Hirsch; 6 yield, 50% 
of the aniline used. This is not a good yield considering the large quantity 
of phenol that must be handled. 

Vi. Action of halogen substitution products of aromatic hydrocar¬ 
bons on potassium phenolates in the presence of reduced copper; Ullmann 
and Sponagel ; s yields, very high. This method was applied to the prepara¬ 
tion of a great variety of ethers and is the source of most of the data on 
this class of compounds. It is frequently necessary to introduce halogens 
by way of the corresponding amino compounds, however, and in some 
cases the corresponding sulfonic acids can be made directly. 

. VII. One application of the method here proposed was found after 
this investigation was undertaken. A salt of anthraquinone-a-sulfonic 
add was distilled with potassium phenolate, resulting in anthraquinone- 
a-phenyl ether; R. E. Schmidt; 7 no details given. This same ether 
has been prepared by patented methods. 8 

1 Ber., 3, 747 (1869). 

* Ibid., 14, *87 (1880) 

, 1 J. Ckem. So6„ 41, T5 (1882) 

4 15) (1881). 

9 Ibid., 23, 3705 *(1890) and D. R. P. 58,001. 

9 Ann., 350, 83 (1906). 

, 7 Ber., 3% 94 (1894)- 

• D. R. P. 75,054, 77.818. 
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The apparatus used in this work was a flat, cylindrical iron retort, 
15.5 cm., interior diameter, by 5 cm. depth. The cover of the retort was 
fastened down with bolts over an asbestos gasket. An iron pipe, 9 mm. 
in diameter by 50 cm. long, set in the cover with a street elbow, served 
as the outlet. Aif Allihn bulb condenser was used, since it was found 
that the clouds of vapor passed through a Liebig condenser. The appara¬ 
tus was gas-tight so that distillations could be made at reduced pressure. 

Experimental. 

Diphenyl Ether , CelLOCgHs.—An amount of solid potassium hydroxide, 
equivalent to 30 g. of the anhydrous compound, was dissolved in a small 
quantity of water and 51 g. of phenol were added to the solution. This 
phenolate solution and 85 g. of sodium benzenesulfonate were mixed in 
the retort. After thorough stirring, the mass presented the appearance 
of a thin white paste. On applying heat, water distilled over and was 
followed by a brown oil which was caught in a separate receiver. The 
distillation was continued at increasing temperatures as long as oil was 
formed. 

The total oily portion of the distillate was 44 cc., which corresponds 
to a yield of about 50% of the theoretical. That it contained phenol 
was shown by a test with ferric chloride and by its distilling at 194.5- 
196°, but little above the boiling point of phenol and much below that of 
diphenyl ether (245 °). It is believed, however, that only a small propor¬ 
tion of the product was phenol, because the ferric chloride test was faint, 
and the odor of the ether was predominant. The low boiling point was 
probably due to the formation of a constant boiling mixture. So much 
of the material was lost in unsuccessful attempts at finding a satisfactory 
method for purifying it that no valid estimate could be made of the rela¬ 
tive amounts of substances present. Later in the course of the work, 
a good method for purifying the crude distillates was found and.this method 
was used in the course of a detailed study of the best conditions for the 
preparation of diphenyl ether by this method. The results of this study 
will be stated at this point, though the experiments were made last in 
the course of the work. 

The variations in conditions used were, distillation of a mixture of pre¬ 
viously dried reagents, the addition of varying quantities of water to the 
mixture of dried reagents, before distilling, the addition of iron filings to 
the mixture before distilling, and distilling at atmospheric and at reduced 
pressures. Several combinations of these different conditions were used, 
with the final decision in favor of preparing the phenolate just before 
using it and adding the sulfonate in the presence of enough water to keep 
the whole mass in solution. The use of iron filings apparently made no 
difference in the yield, indicating that the mixture was uniformly heated 
through and that probably the iron caused no reduction of the materials. 
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That the yield was increased by using considerable quantities of water 
in the mixture, indicates that in this way a better admixture of materials 
was obtained, either by reason of the evaporation of the solution of the 
mixed materials or by reason of one or both of the materials retaining 
water of hydration and remaining fused at the tempefhture at which the 
reaction begins. The pressure at which the distillations were made, made 
no difference in the yield. 

The best yields obtained were close to 50% of the theoretical as crude 
product, and, of this, never less than 75% was obtained as pure ether. 

The reason for using mixtures of sodium and potassium compounds 
instead of using both compounds as sodium or both as potassium salts, 
was that a mixture of lower melting point, and, therefore, of greater re¬ 
activity at low temperatures was expected to result in this way. A trial 
with sodium phenolate substituted for potassium phenolate seemed to 
confirm this idea both in point of temperature necessary to bring about 
the reaction and in point of yield. In all other experiments, the mixed 
salts were used. 

Tolyl-p-phenyl Ether, CHsCaf^OCeHs.—Fifty-two grams of potassium 
p-toluenesulfonate and 29 g. of sodium phenolate 1 were intimately mixed 
with one-third their bulk of iron filings and slowly distilled under reduced 
pressure. The crude pfoduct was a reddish brown oil with a slight green 
fluorescence. Yield, 49.7%. This was lost in the course of attempts 
to find a convenient method of purification and another distillation was 
made from 42 g. of the sulfonate and 23 g. of the phenolate. This was 
purified by steam distillation of the mixture with an excess of caustic 
potash solution and extraction of the distillate with ether. After drying 
the ether solution, it was distilled, yielding a colorless oil of a pleasant 
odor similar to that of diphenyl ether, boiling at 265° at 737.6 mm. Of 
the 51 7% pi crude product obtained in the second distillation, only one- 
fifth was obtained as the pure ether. There is no doubt that more of it 
was present, but it distils so slowly with steam that enormous quantities 
of distillate had to be caught to get the quantity stated. If the method of 
purification worked out in the course of the next experiment had been 
known, no doubt much more could have been obtained as pure product. 

( i,2)-Xylyl-p-phettyl Ether , (CH^sCeHsOCeHs.—One hundred and four 
grams of sodium xylenesulfonate (1,2,4) and 66 g. of potassium phenolate 
were distilled under reduced pressure. The crude product, a reddish 
brown, fluorescent* oil, represented a yield of 20%. In subsequent dis¬ 
tillations, the yield was 50%. 

Up to this point in the work, the only method for purifying the products 

1 For this and most of the subsequent experiments, the phenolate used was pre¬ 
pared in bulk, dried, and kept in a tightly stoppered bottle The sulfonates were also 
thoroughly dried. Both were finely pulverized before being used 
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that could be depended on, was to distil with steam from a mixture with a 
solution with caustic potash in excess. The pure substances distilled very 
slowly with steam, as has been mentioned, and the distillate was in the 
form of emulsions that would not settle. This necessitated extraction 
with large quantities of ether. Several attempts to find simpler methods 
for purification had resulted in failure and loss of material, when a very 
satisfactory method was found while working with this ether. The crude 
product was warmed with solid potassium hydroxide (83% KOH) and the 
mixture was distilled under reduced pressure in a Bendix distilling flask. 
The small amount of water present distilled over at very low tempera¬ 
ture and was easily removed completely from the receiver. The ether 
then distilled at constant temperature. 

The purified product was a nearly colorless oil, boiling at 104-105° 
(cor.) at 49.4 mm. It soon solidified into short, colorless needles, melting 
at 35-37 °. Yield, over 75% of the crude product. The ether had a pleas¬ 
ant odor, resembling that of diphenyl ether mixed with a little xylene. 
No reference could be found in the literature to any previous prepara¬ 
tion of this ether, so it was analyzed with the following results: 

Calc, for ChHuO H = 702, C =8489 Found 750, 7 35, 71* and 84.89, 
84 31, 85.11 

p-Amino-diphenyl Ether , H a NC 6 H40CflH6.—Ninety-seven and one- 
half grams of sodium sulfanilate and 66 g. of potassium phenolate, 
mixed with one-third their total bulk of iron filings, were distilled under 
reduced pressure. The crude product, a reddish brown oil, was distilled 
from mixture with solid caustic under reduced pressure in a Bendix flask. 
The pure product was a pale yellow oil which soon changed into beauciful 
white, shining flakes. This product, amounting to 33% (pure) of the 
theoretical, melts at 33 34 0 and boils at 84° under a pressure of 15.5 
mm. 

o-Aminotolyl-p-phenyl Ether , CH»(NHa)CaHsOCeH5.—Fifty-two grams 
of sodium toluidinesulfonate (1,2,5) and 33 g. of potassium phenolate, 
with one-third their total bulk of iron filings, were distilled under re¬ 
duced pressure. The crude product amounted to a yield of 57% of the 
theoretical. It was purified as were xylylphenyl ether and amino-di¬ 
phenyl ether, yielding a pale yellow oil amounting to about half the crude 
material. Boiling point, 102-104 0 at 67.4 mm. Unlike the amino- 
diphenyl ethei, it did not solidify on standing, but darkens in the light. 
It has an odor similar to that of aniline, but not quite so disagreeable, 
when freshly distilled, and takes on a phenol-like odor on standing. No 
reference to the preparation of this compound could be found in the 
literature, so its nitrogen content was determined by the Kjeldahl method. 

Calc, for CiiHhON: N * 7.02. Found: 718 and 7.22. 

This was considered sufficient analytical data to establish its probable 
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formula, since there was no apparent difference in the course of its prepara¬ 
tion and that of its lower homolog just described, and the melting point 
of the simpler compound was as given in the literature. 

ThymyLphenyl Ether , CH^CaT^CeHsOCeHfc.—An amount of potassium 
hydroxide equivalent to 14 g. of the anhydrous compound, 37.5 g. of 
thymol, and 45 g. of sodium benzenesulfonate were dissolved together in 
a small quantity of water and distilled. The water distilled off first, 
and was followed by a yellowish brown oil. This latter was redistilled 
as usual and the resultant colorless oil had a strong odor like that of thymol 
with a faint modification toward that of diphenyl ether. Its boiling 
point was found somewhat lower than that given for this compound by 
Ullman and Sponagel, 1 289° as compared to 297 °, but it all distilled within 
a degree. 

It was suggested that the identification of this compound as thymyl- 
phenyl ether was not complete in view of its low boiling point. The 
quantity of it formed was too small to permit of further experiments with 
it, so the experiment was repeated, with the difference that it was purified 
by distillation with steam, extraction of the steam distillate with ether, 
and distillation of the residue after removal of the ether. The residue 
from the ether solution amounted to nearly 10 cc., of which 6 cc. distilled 
below 290 0 (only two or three drops came over below 287°) and the re¬ 
mainder came over between 294 Q and 295 °, leaving a slight brown stain 
in the distilling bulb. The color of the distillate, however, was much 
darker than that of the residue from the ether and its odor was much 
sharper. 

If thymyl-phenyl ether is formed by the reaction, it is decomposed by 
the high temperature, and the quantity obtained is too small to admit 
of clear identification. 

Anisole , CHjOCeHs. —An amount of potassium hydroxide equivalent 
to 14.3 of the anhydrous compound and 23.5 g. of phenol were dissolved 
together in the retort and 29 g. of sodium methylsulfonate were added. 
The sulfonate used was prepared by the method given in German patent 
No. 55,007.* The behavior dining distillation differed, in this case, 
from the others only in that a larger part of the oil came over with the 
aqueous portion of the distillate. The crude product had a pronounced 
odor of anisole and measured up to a yield of 100% of the theoretical. 
It was purified by* distillation with steam from caustic mixture—the oil 
separating readily from the water. After drying with calcium chloride, 
the ether was distilled and found to come over completely between the 
temperatures 149-152°. The yield of pure anisole (volume of the oil 
separated from the steam distillate) was 55%. 

1 Loc. tit, 

* sar-Cohn, Arbtitsmethoden f&r Org&nisck-Chftnischc Laboratorien, 4U Jknfi, 
ipt s. 77 ., p. 1324 
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Attempts were made to prepare the mono- and diphenyl ethers of re¬ 
sorcin and the phenyl ethers of ce- and / 3 -naphthols. The work is as yet 
incomplete. 

Summary. 

1. Dry distillation of alkali salts of sulfonic acids with alkali phenolates 
is a convenient method for the preparation of aryl ethers of phenols. 
Though the yields are considerably less than those obtained by the method 
of Ullman and Sponagel, the compounds used can, in some cases, be more 
directly prepared. 

. 2. The reaction probably proceeds according to the equation 
RSO3M + R'OM = R'OR + M2SO3, 
in which equation, the symbol R may represent the phenyl radical and its 
homologs, provided no long side-chain is present, or a methyl group. 
The symbol R' represents a phenyl radical or an aminophenyl radical. 
The presence of a long side-chain in this radical interferes with the reac¬ 
tion’s proceeding normally or causes decomposition of the product 

LEXINGTON, Ky 

[Contributions prom thb Sheffield Chemical Laboratory of Yale’ diversity. ] 

RESEARCHES ON PYRIMIDINES. LXXII. THE SYNTHESIS OF 
4 -HEXYLURACIL AND ITS RELATIONSHIP TO 
URACIL-GLUCOSIDE. 

By Treat B Johnson 
Received June 26, 1911 

CONTENTS—1 Pynmidine-Nucleosides The Structure of Undine 2 The 
Synthesis of Normal 4-Hexyluracil 3. Experimental Part 

i. Pyrimidine-Nucleosides: The Structure of Uridine. 

The elucidation of the structure of nucleic acids obviously involves 
the determination of the constitution of nucleosides. The latter are char¬ 
acteristic purine-carbohydrate and pyrimidine-carbohydrate combina¬ 
tions, which result by partial hydrolysis of these naturally occurring acids. 
We have practically no knowledge regarding the nature of the carbo¬ 
hydrate linkings in these compounds, and, consequently, we are unable 
to express structually their exact constitution. One important fact, 
however, seems to have be*n very definitely established by the results 
already obtained, namely, that the two nitrogen cycles—the purines and 
pyrimidines—are not joined to the carbohydrates in a similar manner. 
The experimental data, thus far obtained, suggest that the sugar, in the 
case of the purine-nucleosides, is very probably linked to the purine at 
a nitrogen atom occupying either the 7- or the 9-position of the purine 
ring. Such hexose combinations have recently been synthesized by Emil 
Fischer 1 and it is interesting to note that his synthetical glucosides agree 

1 Fischer and Helferich, Ber., 47, 210 (1914)- 
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very closely, in chemical behavior, with that of the naturally occurring 
purine-nucleosides. This investigator has not established, however, 
whether the carbohydrate is joined, in his synthetical products, to the 
.purine ring at positions 7 or 9. 

Whether the pyrimidines—uracil, thymine and cytosine—are linked to 
carbohydrates, in pyrimidine-nucleosides, through one of the nitrogen 
atoms in positions 1 and 3 of the ring is indeed questionable. Surely the 
remarkable stability of the natural nucleosides towards hydrolytic agents 
does not support such an assumption. It has been our experience in this 
laboratory that such glucosidic combinations, as are represented by the 
general formulas (I and II), are very unstable and easily undergo hydrolysis 


NH—CO 

I I 

HO CO CH 

I I II 

R—CH.N-CH 

(II) 

i& the presence of acids, and even boiling water, giving the original pyrimi¬ 
dine. Several combinations of these types have been synthesized by us, 
but, in no case which has thus far been carefully examined have we 
obtained a stable compound. These observations have recently been con¬ 
firmed by the results obtained by Fischer 1 in his investigations on pyrimi- 
dine-glucosides. It seems safe to assume, however, if a nitrogen-carbon 
linkage is found to be present, that the combination which involves the 
nitrogen atom in position 3, as represented by Formula II, will be found 
to be the most resistent to the action of hydrolytic agents. Whether 
the higher, synthetical, glucosidic combinations of this type will approach 
in stability that of the pyrimidine-nucleosides remains to be established. 

The early observation that pyrimidine-combinations corresponding to 
Formulas I and II easily break down on hydrolysis with acid, and the 
interesting conclusion of Levene and La Forge 2 that the constitutions 
of cytidine and uridine are possibly to be expressed by Formulas III and 
IV, respectively, led us to turn our attention to the study of simple pyrimi- 

N = C.NH* NH—CO 

II • 11 


CO CH CO CH 



NH—C.CH.CHOH.CHOH.CH.CHiOH NH—C.CH.CHOH.CHOH.CH.CHgOH 

(HI) ' (IV) 

1 Ber. t 47, 1377 (1914). 

* Ibid., 45, 608 (1913). 
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CO CH 

I II 

NH—CH 
(I) 
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dine-nucleosides containing the glucosidic union R.CH— in the 4-position 
of the pyrimidine ring. No representative of this class of pyrimidines 
had been described in the literature previous to our investigations. This 
work has proved very fruitful from a synthetical standpoint. A method 
of synthesizing pyrimidines of this type has now been developed which has 
enabled us to obtain the simplest nucleosides of thymine (V) and uracil 
(VI). A description of these interesting compounds has been recorded 
in papers from this laboratory 1 The synthesis and properties of a higher 
homolog of uracil-nucleoside (VI) will be discussed in a future publica¬ 
tion. 

NH—CO NH—CO 


CO C CH, 


CO CH 


NH—C CU.OH 
(V) 


NH—C CHjOIl 
(VI) 


Our method of establishing the constitution of these two synthetical 
nucleosides (V and VI) was to subject them to the action of strong hydriodic 
acid, when they underwent reduction smoothly giving 4,5-dimethyluracil 
(VII) and 4-methyluracil 2 (VIII), respectively. The success of this 


NH—CO 


NH—CO 


CO C CH, 

I II 


CO CH 

I II 


NH—C CH< 
(VII) 


NH—C CH, 
(VIII) 


method of identifying hydroxykved derivatives of this type is dependent 
essentially upon two facts, firstly, that the double bond in uracil com¬ 
pounds is not destroyed by dige^ion ^vith hydriodic acid, and secondly, 
that the 4-alkyl substituted uracils, so far as examined, possess such char¬ 
acteristic properties that they can be easily identified, even when working 
with small amounts of material. Whether the higher homologs of 
these two nucleosides will be found to interact normally with hydriodic 
acid remains to be established, but it is certain from what is already known 
that it should be possible theoretically to accomplish such changes. A 
knowledge of the properties of the higher homologs of 4-methyluracil 
and the corresponding thymine compounds is, therefore, very essential. 

I find no record, in the papers of other investigators, that any attempts 
have been made to reduce uridine (IV) or cytidine (III) with hydriodic 
Johnson and Chernoff, J Biol Chem , 14, 307 (1913); This Journal, 35, 585 

(1913); 36, 1742 (i 9 H) 

1 Johnson and Chernoff, loc. at. 
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acid. Reduction of uridine in the presence of palladium 1 leads to the forma¬ 
tion of the corresponding hexahydro derivative with destruction of the 
double bond between the carbons in positions 4 and 5 of the pyrimidine 
ring. According to Formula (IX) uridine is a monosubstitution product 
of the alcohol xylite, C6H12O& (X), while the relationship between Levene’s 
formula for uridine, and that of isosaccharic acid is apparent by inspection 
of their respective formulas (IV and XI). Theoretically then, there is 
no reason to assume that these related compounds should undergo re¬ 
duction otherwise than in an analogous manner, giving their corresponding 
alkyl derivatives. Bertrand 2 has shown that xylite is transformed into 
iodopentane, CHa.CHl.CH 2 .CHj.CH 8 , by reduction with hydriodic acid, 
while isosaccharic acid (XI), which is prepared from chitosamine, by 
oxidation with nitric acid, and also from chitine, 8 is reduced to adipic acid 
(XII), when heated with hydriodic acid at 140-150°. The reduction, 
therefore, of a pyrimidine having either the constitution IV or IX to 
4-pentyluracil (XIII) would be a perfectly normal reaction. The forma- 
NH—CO 


CO CH OH OH OH OH OH 


OH OH OH OH OH 


NH—C . CH.CH.CH.CH.CH 2 



NH—CO 


CO CH 


CHj.CH.CH CH.CH* 
I (X) 


CHj.CHa.CHa.CH*.CH» 


NH—C—GHa.CHa.CHs.CH2.CH* 
(XIII) 


r*o—1 

HOOC.CH CHCOOH 

! I 

HOCH—CHOH 

/ (X1) 
HOOC.CHj.CHj.CHt.CHa.COOH 
* (XII) 

tion of this alkylated uracil from uridine would establish, beyond doubt, 
the correctness of Tevene’s Formula (IV). An investigation dealing with 

* Levene and ha Forge, loc. cit. 

* Bull. soc. ckim., [3] 5, 556, 740 (1891) 

* Tiemaxw and Haarm^nn, Ber., 17, 246 (1884); 19, 1257 (1886); Tiemann, Ber t , 

27, 118 (1894) 
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the synthesis of this unknown uracil derivative (XIII), is now in progress 
in this laboratory. In the following chapter of this paper is given a de¬ 
scription of the synthesis and properties of the next higher homolog of 
4-pentyluracil, namely, 4-hcxylu'acil (XV), which would be the reduction 
product of a corresponding hexose uracil-nucleoside represented by Formula 
XIV 

NH- CO 

I I 

CO CH 

I || r -o-, 

NH—C—CII CHOU CHOH CH CHOH CH,OH 

| (XIV) 

NH—CO 

I I 

CO CH 

I II 

NH—C CH 2 CH 2 CH 2 CH a CH 2 CH, 

(XV) 

In Table I, below, is listed a series of some higher polyatomic alcohols 
and their oxidation products, which have been shown to undergo reduction 
normally with hydriodic acid 

Table I 

Hydroxyl Derivative 
Xylite, 1 IIOCH 2 (CHOH)a CH 2 OH 
Styracite, 2 CtfHuOg 
Manmte, 3 HO CH 2 (CHOH) 4 CH.OH 
Sorbit, 4 CbHhOb 
M annoheptite,® CtHkO? 

Rhamnonic acid,® CHj(CHOH) 4 COOH 
J-Mannome acid, 7 H0CH 2 (CH0H) 4 CO0H 
d-Galactonic acid® 

a-Rhamnohexomc acid, 9 CHaCCHOH^COOH 
a-Glucoheptonic acid, 10 HOCH.(CHOH),COOII 
d-Mannohcptomc acid 11 

1 Bertrand, loc cit 

2 Ashina, Chem Zentr , 1907, II 1431, I9°9» H, 54 8 * Ber e 45> 2363 (1912) 
*Krlenmevcr and Wanklyn, Ann, in, 247 (1859) Hecht, Ber , 11, 1420, 1152 

<1878), Schorlemmer, Ann , 199, 141 (1879) 

4 Vincent and Delachanal, Lompt rend 108, 354 (1889), m, 51 (1980), Hitzemawt 
and Tollens, Ber , 22, 1048 (1889) 

• Maquennc, Bull soc chim , [2 J 50, 132, 548 (1888), Ann rhim phys , [6] 19, 5 
(1890) 

•Will and Peters, Ber , 21, 1813 0888), 22, 1704 (1889) 

7 Kiliam, Ber , 20, 339 (1887), 19, 3034 (1886) 

* Kiliam, loc cit 

9 Fischer and Tafel, Ber , 21, 2175 (1888) 

10 Kiliam, Ber , 19,1128 (1886) 

11 Fischer and Hartmann, Ber , 22, 372 (1889) 


Reduction Product 
CH S CH1 2 CH, CH ; CH,, 

■ hexyhodide 

- hexyhodide 

• hexyhodide 

- bcptyhodide 

• caproic acid 

- caproic acid 

• Lactone of caproic acid 

■ heptyhc acid 

- heptyhc acid 

- heptyhc acid 
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Tabu* I (continued). 

Hydroxyl Derivative. Reduction^Product. 

OH 

Laevuloheptonic add, 1 HOCH 2 (CHOH)i.C—CH jOH —► o-methylhexylic add 

! 

COOH 

Saccharic add,* HOOC. (CHOH) 4 COOH —► adipic acid 

Mudcadd,* HOOC(CHOH) 4 COOH —► adipic acid 

Isosaccharic add 4 —► adipic add 

2. The Synthesis of Normal 4-Hexyluracil. 

It is 31 years since the publication of Behrend’s classic paper entitled: 
“t)ber die Einwirkung von Harnstoff auf Acetessigather (Vorlaufige 
Mittheilung),” 5 and 27 years since List* showed that 2-thiouracil is formed 
by condensation of ethyl acetoacetate with thiourea. Since the appearance 
of these papers a great number of derivatives of ethyl acetoacetate have 
been shown to undergo condensation with urea compounds forming pyrimi¬ 
dines, but, notwithstanding this activity, no one has shown, thus far, 
that the higher homologs of ethyl acetoacetate (Table II) functionate 

Tabi<b II. 

Ethyl propionylacctate, CH3CH2COCH2COOC2HS 
Ethyl butyrylacetate, CH 3 CH,CH 2 COCH s COOC 2 H, 

Ethyl valerianylacetate, CH* CIIaC^CHsCOCHaCOOCaH* 

Etc. 

normally and condense with urea and thiourea, giving the corresponding 
4-alkyl derivatives of uracil and thiouracil, respectively. We have no 
knowledge of the higher homologs of 4-methyluracil or 2-thio-4-methyl- 
uracil. In fact, no representative of the two homologous series of pyrimi¬ 
dines, represented in Table III below, have been described in the literature 
except the 4-methyl derivatives. The other members of these two series 
which are now of immediate biochemical interest, are the lower repre¬ 
sentatives, and especially the 4-pentyl and 4-hexyl derivatives of uracil, 
which may be considered as the reduction products of the corresponding 
pentose and hexose glucosides of this pyrimidine. 

The starting point in our synthesis of 4-hexyluracil (XV) was the 0 - 
ketone ester ethyl keptylylacetate (XVI), which is now easily obtainable, 
if ethyl heptylate is available, by condensation of this ester with ethyl 
acetate. 7 For all the ester, however, which was used in this research, I 

1 Kiliani, Ber , 19, 224 (1886) 

* de la Motte, Ber., xa, 1571 (1879). 

* Crum-Brown, Ann., 125, 19 (1863); Heinzelmann, Ibid., 193, 184 (1878). 

4 Tiemann and Haarmann, loc. tit. 

• Ber., 16, 3027 (1883*) 

• Ann., 236, 1 (1887) 

T Wahl and Doll, Bull, soc chim., 13,265 (1913). 
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Tabus III 


Pyrtmuhnes 

Tktopyrtmtdtnes 

NH—CO 

NH—CO 


CO CH (R = CH,, C 2 H 6 , etc) CS CH 


1 II 

NH—C—R 

1 II 

NH—C R 

1 C6H # 0 2 N 2 

1 CfilhONaS 

(Methyluracil) 

(Mcthvlthiouracil) 

2 CeHg 0 2 N 2 

2 C*Il»ON,S 

(Ethyluracil) 

(Ethylthiouracil) 

3 c 7 h 10 o^j, 

3 C 7 H 10 ON^ 

(Propyltiracil) 

{ Propylthiouracil) 

4 CgHiaOjN, 

4 c 8 h 12 on 2 s 

(Amyluracil) 

(Amylthioiiracil) 

5 c 9 h„o.n 

5 C 9 Hi 4 ON 2 S 

(Pentyluiacil) 

(Pentylthiouiacil) 

6 CioHjeOaN, 

6 C J0 HicON,S 

(Hexyluracil) 

I 

(Hcxylthiourucil) 

t 

Etc 

I U 


am indebted to Professor Andre Wahl, of vSaint Denis (vSunt), l<ranee 
I take this opportunity to express here my appreciation oi his cooperative 
spirit and kindness in sending me this reagent When this ketone ester 
is warmed with thiourea in an alcoholic solution of sodium ethylate there 
is an immediate reaction with formation of the sodium salt of 2 tlno-4- 
hexyluracil (XVII) The reaction is complete after boiling for a few hours, 
and, after evaporation of the alcohol, the free pyrimidine is then easily 
obtained by decomposing its sodium salt with hydrochloric aeid A 
description of this compound is given m the experimental part of this 
paper The reaction may be expressed by the following equation 

NH, COOCjH* 

I I 

CS + CH, - 1I 2 0 + C*H* OH 


NH, OC CH,CH,CH,CH,CH,CH, 
(XVI) 


NH—CO 


■f CS CH 


NH—C CH,CH,CH,CH,CHaCH 4 
(XVII) 

4-Hexyhiracil (XV) is easily obtained by dnect desulfurization of this 
2-thiopynmidme (XVII) This is easily accomplished by digesting the 
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sulfur compound with an excess of chloroacetic acid in aqueous solution. 
Complete desulfurization is effected within a few hours and the yield of 
4-hexyluracil is practically quantitative. This new pyrimidine possesses 
a sharp, definite melting point (170°), and is especially characterized by 
its crystalline habit and insolubility in cold water. A complete descrip¬ 
tion of this interesting substance is given in the experimental part of this 
paper. 

NH—CO NH—CO 

CS CH avucooK ^ ,L h 

I II I II 

NH—C.CHtCHiCHjCHgCHiCHiCHa NH—C.CH 2 CH 2 CH 2 CH 2 CH 2 CH» 

(XV) 


The study of pyrimidine-nucleosides and related compounds will be 
continued. 


3. Experimental Part. 

NH— CO 


The Preparation 0f 2-Thio-4~hexyluracil } CS CH 

NH—C.CHs CH 2 CH 2 CH 2 CH 2 CH s 
—This pyrimidine is easily obtained by condensation of thiourea with ethyl 
heptylacetate. 1 Two molecular proportions of sodium (1.0 g.) were dis¬ 
solved in 25 cc. of absolute ethyl alcohol, 5 g. of the / 3 -ketone ester dissolved 
in the solution, and the mixture then heated with 4.0 g. of thiourea (an 
excess), at the temperature of the steam bath, for 3 hours. A turbid 
solution was obtained. The alcohol was then removed by heating in an 
open dish at ioo° and the crude reaction product dissolved in about 
30 cc. of cold water and the solution filtered. On acidifying this alkaline 
solution with a slight excess of dilute hydrochloric acid the above 2- 
thiopyrimidine separated as an oil which very soon solidified. It was 
nearly colorless and the yield was excellent. This pyrimidine was purified 
by recrystallization from boiling water. It is difficultly soluble in this 
solvent and deposits, on cooling, in beautiful, colorless needles which melt 
at 145 0 to a clear oil without effervescence. The pyrimidine gave a 
strong test for sulfur. Nitrogen determination: 

Calc, for CiqHmON^: N, 13.20; fount!: N, 13.08. 

The above experiment was repeated using the following proportions: 
8 g. of the 0-ketone ester, 6.4 g. of thiourea, i.6.g. of sodium and 50 cc. 
of absolute alcohol. After digesting for 6 hours, the reaction was appar¬ 
ently complete. TJie alcohol was then removed in the usual manner and 
the pyrimidine precipitated from its aqueous salt solution by addition of 
1 Wahl and Doll, loe cit 
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hydrochloric acid The crude pyrimidine melted at 140-141 0 and the 
yield was about 4 5 g 

Desulfurization of 2 Thxo 4 htxyluracil with Fo motion of 4 hexylurauL 
NH—CO 


I jj H —Ihe best conditions lor the successful 

NH—C CH 2 CH 2 CH 2 CH 2 CH 2 CH, 

conversion of the 2 thiopyrimidine into this pyrimidine art as follows 
Equal parts by weight of the thiopyrimidine and monochloroautic 
acid are dissolved 111 about 12—1^ times their combined weight of 
water (4 g of pyrimidine to 100 cc of water) Wink the chloro 
acetic acid dissolves immcdiatel\ at ordinary temperature it is 
necessary to boil for several minutes befoie solution of the pyrimidine 
is effected After complete solution of the pyrimidine the mixture is 
then boiled for several hours After solution of the pvnnudine it is best 
to add about 10 cc of dilute hydrochloric acid to aid the reaction ^fter 
digesting for about 7-8 hours (working with 4 g of pvrmndme) the re 
action is complete, and, on cooling the solution hexvluracil separates as 
an oil which soon solidifies This pyrimidine is extremely insoluble m 
boiling water and separates on cooling m beautiful glistening putes which 
melt at 170° to a clear oil without effervescence l'hc yield is practically 
quantitative The pyrimidine did not lose weight when heated at no- 
120 0 , and did not respond to a test for sulfur Nitrogen determination 
Calc forCioHi« 0 2 N N 1428 found N 1415 
This pyrimidine is extremely soluble in alcohol and separates m plates 
when an alcoholic solution is diluted with water It dissolves also m so¬ 
dium hydroxide solution 

New Haven Conn 


[Contributions from the Chemicai Laboratory or Harvard l nivkhsity J 

THE ACTION OF NITRIC ACID ON IODOANIL. 

By Latham Clarke and L K Bolton » 

Received July 10 1914 

Owing to the absence from the country of both the authors it has been necessary 
for me to prepare this work for publication — C I Jackson 

The object of the work described in this paper was to compare the be¬ 
havior of lodoaml and chloroaml with nitric acid Stenhouse 2 obtained 
from the latter chloropicrine and oxalic acid As he found that chloro- 
amlic acid behaved m the same way, and that bromoanihe acid gave bromo- 

1 The work described in this paper formed part of a thesis pusented to the Faculty 
of Arts and Sciences of Harvard University for the degree of Doctor of Philosophy by 
Elmer Reiser Bolton 

2 7 them Soc 8,6(1870) 
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pterine and oxalic acid, it is probable that bromoanil would undeigo a 
similar reaction; but our experiments show that the action with iodoanil 
is entirely different, since nitric acid converts it into iodine pentoxide 
and diiodomaleie acid; and this difference is due to the nature of the sub¬ 
stances, not to a less energetic action in our experiments than in those of 
Stcnhquse, since we used fuming nitric acid instead of the strong acid 
used by him, and heated the mixture on the steam bath from 4 to 5 hrs., 
followed, after the removal of the iodine pentoxide, by evaporation of 
the acid from 300 to 50 cc. Therefore, if the diiodomaleie acid were only 
an intermediate stage in the formation of iodopicrine and oxalic add, 
we must have obtained some of these products, but the most careful 
search revealed no trace of them. 

. The identification of the diiodomaleie acid was not an easy matter. 
We could find no method of purifying it in spite of many and varied 
attempts, and the analyses gave bad results, which were explained in 
part by the formation of the anhydride, as we found that this substance 
was formed by long standing in vacuo ; but only in part, since the anhy¬ 
dride gave equally bad analytical results, and also melted 4 0 lower than 
the specimen prepared by Diels and Reinbeck. 1 It seems, therefore, that 
both our acid and anhydride contained some clinging impurity, which 
we could not remove by crystallization. The composition of our two sub¬ 
stances was, however, established by determinations of the molecular 
weight of the anhydride, and analyses of the sodium salt and aniline 
salt of the acid, of several of its other derivatives, and by titrations, 
which showed that it was dibasic. Three different compounds agree 
with these results, diiodosuccinic acid, diiodomaleie acid, and di- 
iodofumaric acid. The last of these can be rejected at once, since 
our acid forms an anhydride easily. For instance, on heating the 
acid with toluene, in which it is insoluble, it gradually went into 
solution, while at the same time a drop of water appeared in the tol¬ 
uene, and upon evaporating the solvent, the anhydride already mentioned 
was obtained. The decision between the maleic and succinic acid was 
more difficult. Our compound did not act with bromine, but this has no 
weight, as it has been shown 2 that the presence of a halogen frequently 
interferes with the addition of bromine to an unsaturated acid. The potas¬ 
sium permanganate test for a double bond could not be applied, since it 
decomposed our acid with liberation of iodine—a behavior frequently 
observed even wifh saturated iodine compounds; reducing agents also 
gave no definite results with it, so that it was impossible to settle the ques¬ 
tion by experiment. In spite of this, however, it seems to us that the fol¬ 
lowing considerations exclude diiodosuccinic acid: To form this com- 

1 Ber., 43,1271 (1910). 

* Bauer, Ber., 37, 3317 (1904); Pum, Monats., 9, 449 (1888). 
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pound from lodoaml it would be necessary to add two atoms of hydrogen 
to that substance, which would obviously be impossible m the presence 
ol hot, fummg nitric acid ihe duodosuccinic acid has not as yet been 
prepared, and it may be doubted whether it is stable enough to exist, 
as Finkelstem 1 obtained by the action of sodium iodide on dibromosuc 
emit acid in acetone solution, sodium bromide iodine, and fumarie acid, 
and Brunner and Chuard found the same products on treating mono- 
bromosucumc acid with potassium iodide m alcohol Our somewhat 
impure dnodomaleie anhydride melts 4 0 below the pure compound made 
by Diels and Reinbeck, 3 but at least 20 0 higher than the known dihalogen 
succinic anhydrides 

On the other hand, our anhydride differs trom that desenbed by Diels 
and Rembeck m two particulars besides the melting point Ihey state 
it is yellow and insoluble in btnzene, whereas we found it white, turning 
yellow on exposure to air, and soluble 111 benzene m sharp contrast to the 
insolubility of the dnodomaleie acid Skraup 4 has found that maleic 
acid is converted into fumaric acid by heating it with strong nitric acid, 
but, although our acid was submitted to the long continued action of hot, 
fummg nitric acid, we obtained only maleic acid (shown by its easy con¬ 
version mto an anhydride), it seems, therefore, that the pre tnce of the 
two atoms of lodme in our acid must prevent this transformation 
So far as we can find, this is the first tune that maleic acid has been 
formed from a substituted qumone by nitrit acid, but the reaction has 
been brought about by other reagents J 

If the acid aniline duodomaleate is suspended in glacial acetic acid, and 
heated, it is converted mto the dnodomaleylphenylimide (or anil), which 
must have the ring formula given below It melts at 171-172° (uncor ) 

IC CO 
|| >NC*H fi 
IC - CO 

By the further action of amli ie m alcoholic solution, this substance is 
converted into the phenylaminomaleylphenyhmide (amlmomaleylanil), 
melting at 232-233° (uncor) which has been made frequently before, 
and found to melt at 230°, 8 231 07 232-233°, 8 or 233 09 Dichloro or 
dibromomaleic acid, when treated with antlim retains one atom of halo 

1 R er 43 » 1528 (1910) 

2 Ibtd 30, ?oo (1897) 

* Ibtd 43,1271(1910) 

4 Monats n, 323 (1890) 12, 124 (1891) 

5 Zmckc Fuchs 4 tttt 267, 1 (1892) Kempf Ber 39, 3715 (1906) 

* Michael Ber 19, 1377 (1886) 

7 Reissert Tiemann Ber 19, 622 (1886) Reinsert Ibtd 1644 (1886) 

8 Wohl Freund Ber 40, 2300 (1907) 

* Bischoff Walden Ann 279, 140 <1894) 
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gen, 1 which is in harmony with the observation frequently made m this 
laboratory that iodine is replaced by hydrogen more easily than bromine, 
bromine than chlorine 

p-Toluidme gave with dnodomaleic acid p-tolylammomaleyl-p-tolyl 
mnde, which we found to melt at 229 ° (uncor ) Junghahn and Reissert* 
found 228° Phenylhydrazine gave, with dnodomaleic acid, as the prm 
cipal product dnodomaleylphenylhydrazide meltmg at 170° (uncor) 
and m smaller quantity a substance melting at 266 267° (uncor), 
which we suppose to be phenylhydrazomaleylphenylhydrazide, but 
did not obtam enough of it to settle its composition 

Wien the dnodomaleic acid was heated with water to ioo° in a sealed 
tube, we obtained carbon dioxide, formaldehyde, hydnodic acid, and a 
little free iodine, and in addition to these soluble compounds a brown oil, 
solidifying on standing, from which two white solids wen obtained One 
gave a percentage of iodine agreeing with that for dnodoacetic acid, but 
as it was white, and melted at 95-96° (uncor ), we cannot consider its 
nature settled, since dnodoacetic acid is pale yellow, and melts at no° 5 
Unfortunately, this work was begun so late in the year that we had not 
time enough to find the explanation of this discrepancy For the same 
reason we can give only a preliminary account of the second substance, 
melting at 182-184° (uncor ) A single determination of iodine indi¬ 
cates that it is the as yet undiscovered pentaiodoethane 

Experimental. 

Action of hunting Nitric Acid on Iodoanil —Thirty-five grams of crude 
lodoanil were mixed with 300 cc of nitric acid of specific gravity 1 50, 
And heated on a sand bath to slow boiling in a flask fitted by a ground 
joint to an air return condenser After half an hour a white solid separa¬ 
ted, which increased m amount, as the reaction continued At the end 
of 4 or 5 hrs , after the brown color of the iodoanil had disappeared, the 
orange-red acid solution was allowed to cool, and decanted from the white 
solid, which was washed with a little strong nitric acid, the washings being 
added to the mam portion of the acid This white solid showed the proper¬ 
ties of iodine pentoxide, as it sublimed at about 300° with partial decom¬ 
position into iodine and oxygen, but gave off no water, absorbed moisture 
from the air changed its cream color to the pure white of iodic acid, and 
its strongly acid aqueous solution set free chlorine from hydrochloric acid, or 
iodine from potassium iodide It was prepared for analysis by washing 
with glacial acetic acid, drying m vacuo over potassium hydroxide, and 
finally washing with benzene and drying m vacuo 

Cafe for IjOj I, 76 04, found I, 76 00, 75 90 
1 Michael Am Ch*m J 9, (1867), Anschutz, Beavis, Ann , 295, 29 (1897); 

Salmony Simoms Ber 38, 2586 (1905) 
a Ber 24, 1766 (189I) 

1 Angeli, Ber , 26, 596 (1893) 
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35 g of the lodoaml gave 26 g of iodine pentoxide 

For further identification the aniline lodate was made by adding a mu 
ture of aniline and alcohol to an aqueous solution of the acid The pre 
cipitate formed was washed with alcohol and benzene 

Calc for CuHbNHzHIOj I 47 18 found I 47 87 

The analysis was attended with difficulty, because the salt explodes 
violently, when brought in contact with nitric acid so that only one of 
the Canus tubes used by us escaped being blown to pieces Our obser 
vations confirm the properties of the salt as given by Beamer and F W 
Clarke, 1 the explosiveness with nitric acid, and the fact that the crystals 
turn blue on exposure to the air being the only points we have to add to 
their description 

Dnodomaleit Acxd The orange red acid solution poured off from the 
iodine pentoxide was evaporated on the steam bath until reduced to 
about 50 cc , when it was freed from an> additional iodine pentoxide by 
decantation, or if necessary, filtration through glass wool covered with a 
thin layer of asbestos, and allowed to cool Rosets of long, white 
needles separated, which were filtered out on a fine Buchner filter and 
freed from adhering acid by a porous plate and standing 1 a desiccator 
over potassium hydroxide A second crop of crystals was obtained by 
evaporating the filtrate to 25 cc , but further evaporation yielded onl> 
a small additional amount contaminated with iodine pentoxide No 
test for oxalic acid was obtained from the solution I rom 35 g of lodoaml 
11 g of the crystals were obtained, or 52% of the theoretical yield, if 
one molecule of the product was obtamed from each molecule of lodoaml 
This product was recognized as dnodomalcic acid by analyses of some of 
its derivatives given later No good analyses of the acid itself could be 
obtained, the percentages of iodine and of carbon coming out somewhat 
over 1% too high for the theory This was in part due to formation of 
anhydride during the drying /, n vacuo , as a specimen which stood m vacuo 
for one week showed an mciease of o 8% in its iodine, but this was not the 
onlv reason, as our analyses of the anhydride were even worse, coming out 
not far from 2% too high on both the iodine and carbon Wc ha^ e not found 
any method for the purification of the dnodomaleic acid, as no goort rc 
suits could be obtained from crystallizations even from mixed solvents, 
or precipitations from its solutions, and once dissolved it could be recov 
ered only by evaporation to dryness Benzene with alcohol, and ace 
tone with chloroform were tried with especial care, other combinations 
less thoroughly Strong sulfuric acid precipitated the compound from 
its aqueous solution, but failed to purify it, strong hydrochloric acid did 
not even precipitate it The acid formed by the action of water on the 
1 Ber, 12, 1066 (1879) 
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anhydride gave no better results on analysis than the add as formed direct 
from nitric add. 

Properties of Diiodomaleic Acid , CsIj(COOH)*. —It crystallizes from 
fuming nitric add in rosets of long, white needles. Our best specimens 
melted at 142 0 with evolution of bubbles, and the formation of a pale 
yellow liquid, but the true pelting point is undoubtedly higher, as the 
analyses showed that our substance was not pure, containing the anhy¬ 
dride undoubtedly, and probably a second impurity. It is very soluble 
in water, methyl or ethyl alcohol, ether, acetone, gladal acetic acid* 
acetic ester, or nitrobenzene; insoluble in chloroform, carbon tetrachloride * 
carbon disulfide, benzene, toluene, or naphtha. No good solvent could 
be found for it. Boiling benzene, or toluene, converts it into the anhy¬ 
dride, which dissolves as it forms. The acid is less soluble in sulfuric acid 
than in water. 

The aqueous solution of the diiodomaleic acid gave an acid reaction 
with litmus and decomposed carbonates with effervescence. A specimen 
crystallized from the nitric acid was dried on a porous plate and then 
in vacuo over potassium hydroxide, and washed several times with warm 
benzene, after which it was titrated with a o 2 N potassium hydroxide 
solution, qsing phenolphthalein as the indicator. 

Subst I, 1 ii2o, 0540 g , TT, 0847, 0764 g , KOH, 0373, 0180, 0285, 0257. 
Number of carboxyl groups, 21,21,21,21 

The acid is therefore dibasic. II was a specimen prepared from the 
anhydride with water. 

Sodium Duodomaleatc, CoI 2 (C()2Na)2.—Three grams of diiodomaleic 
add, dissolved in 50 cc. of absolute alcohol, were treated with sodium 
ethylate 1 as long as a precipitate was formed. The salt was washed 
six times with alcohol and dried in vacuo. 

Subst 05856, 07417 g , Na2SO<, 02080, 02645 g , calc for CsIsCCCbNah Na, 
11.16, found Na 11 50, 11 55 

It forms small, white plates soluble in water but insoluble in all the com¬ 
mon organic solvents. 

An aqueous solution of the diiodomaleic acid gave a white precipitate 
with silver nitrate, which exploded violently when heated in an air bath. 
A solution of the ammonium salt gave a white precipitate with lead ace¬ 
tate, but no action with a salt of caldum, strontium or barium. 

When a solution of diiodomaleic add in either water or alcohol was 
treated with a drop of bromine water, no decoloration was observed. An 
aqueous solution of the acid decolorized potassium permanganate with 
precipitation of manganese dioxide, but nothing definite could be isolated 
from the product. Diiodomaleic add was dissolved in alcohol and satura¬ 
ted with hydrochloric acid gas, the product was a brown liquid, which 

1 Salmony, Smumis, Bcr , 38, 2580 (1905) 
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could not be made to solidify, and was not studied further.. Attempts 
to reduce the acid with sodium amalgam with water or alcohol, zinc or mag* 
nesium and sulfuric acid, or zinc dust and acetic acid, gave no results from 
which a definite compound could be isolated. 

Diiodomaleic Anhydride .—Five grams of diiodomaleic acid were heated 
in 50 cc. of toluene until the solid had gone into solution. A few drops of 
a liquid separated, which was shown to be water by its action with dried 
copper sulfate. The yellow anhydride, obtained by evaporating off the 
solvent, after several crystallizations from naphtha, showed the constant 
m. p. 112-112.5° (uncor.), but analyses gave 1 5% to 1.9% too much 
iodine, and 1.5% to 1.4% too much carbon. A specimen of the anhy¬ 
dride, prepared by the action of acetyl chloride and a drop of sulfuric acid 
on the acid, gave 1.1% too much iodine, and after two more crystalliza¬ 
tions, making 8 in all, 1.2% too much. It is evident, therefore, that 
our diiodo acid and anhydride contain a clinging impurity, which cannot 
be removed by crystallization, and this is confirmed by the fact that the 
constant melting point of our diiodomaleic anhydride, 112-112 5° 
(uncor.) is 4 0 below that obtained by Diels and Reinbeck, 1 who made 
this substance by the action of sodium iodide on dibromomaleie anhydride 
in dry acetone. The properties of our substance are identical \uth those 
given by Diels and Reinbeck except that our preparation crystallizes in 
white prisms, which soon turn light yellow, while they describe theirs as 
yellow, and ©urs is soluble in benzene, theirs difficultly soluble. Al¬ 
though our analyses gave no satisfactory results, we were more successful 
with the determination of the molecular weight by freezing in benzene. 

Calc for C 2 I 2 (CO) 2 C) 350; found 312 5, 322 7, 3166. 3209 

The anhydride is converted into the acid slowly by cold, quickly by hot 
water. That our substance was the diiodomaleic anhydride is proved, 
in spite, of our bad results on the substance itself, by the analyses of its 
derivatives already given and by those that follow. 

Acid Aniline Salt of Diiodomaleic Acid, C2I2COOHCOOHNH2CGH5.— 
Two grams of diiodomaleic acid, dissolved in 150 cc. of ether, were treated 
with 4 cc. of aniline, and the white precipitate, after purification by wash 
ing with ether, was dried in vacuo. 

Calc, for CsI|COOHCOOHNH 2 C«H*: I, 55 07, found. I, 55 33. 55 58- 

It decomposes at about 152 °, is soluble in water but insoluble in most 
of the common organic solvents. Its solution has an acid reaction to lit¬ 
mus, and is decomposed by sodium hydroxide with an odor of aniline. 
It is also decomposed if heated in an organic solvent. 

Diiodomaleylpkenylimide (Diiodomaleylanil ), Cs^CO^NCeHfi.—The acid 
aniline diiodomaleate, described above, was made by adding a slight ex- 
1 Ber ., 43, 1271 (1910). 
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cess of aniline to a solution of diiodomaleic acid in glacial acetic acid. 
The precipitate of the salt, which formed in a few minutes after being 
washed free from aniline with glacial acetic acid, was suspended in glacial 
acetic acid and heated on the sand bath, until it began to dissolve, when 
the lamp was removed and the flask allowed to stand on the hot sand 
till the solution was complete. The addition of a small quantity of water 
then threw down a yellow precipitate, which was crystallized from alco¬ 
hol until it showed the constant m. p. 171-2 0 (uncor.). 

Sutwt. 0.2502, Agl, o 2758; Calc for CjTafCOhNCaHs I, 59 74, found I, 59 58 

Properties of Diiodomaleylphenylimide -Small, yellow prisms melting at 
171-172 0 (uncor.); soluble in ether, chloroform, acetone, ethyl acetate, 
glacial acetic acid, benzene, toluene, nitrobenzene, or aniline; essentially 
insoluble in cold alcohol, or naphtha, soluble when hot. Strong hydro¬ 
chloric acid produces no visible effect on it, even when hot; boiling alkali 
dissolves it slowly. 

Further action of aniline converted the diiodo compound into phenyl- 
aminomaleylphenylimide 1 (anilinomaleylanil), which was also obtained 
when diiodomaleic acid was dissolved in alcohol, and treated with aniline 
in the proportion of 3 molecules to 1 of the acid; the mixture, disregard¬ 
ing the precipitate of the salt, was heated on the steam bath, which turned 
the liquid brown, and produced vapors of iodine. At the end of an hour 
the solution was allowed to cool, and the yellow product which separated 
was washed with cold alcohol and then crystallized from alcohol and later 
from benzene or toluene till it showed the m. p. 232-233 0 (uncor.). 

Calc for C«H t NHC a H(CO) 2 NC 6 H 6 C, 72 69, H, 4 58, N f 1061, found C, 72 24, 
H, 4 54; N, 1048 

The substance can be prepared as well in a glacial acetic acid solution 
and is even formed when water is the solvent. Diiodomaleic anhydride 
also gave it when heated with aniline in absolute alcohol or glacial acetic 
acid. 

In preparing the imide, occasionally a different product was obtained 
in small, yellow needles, melting at 261° (uncor.). It seemed to be 
phenylaminoiodomaleylphenylimide, but we did not have time to study 
it. 

If the diiodomaleic acid was heated with p-toluidine and glacial acetic 
acid, the p-tolylaminomaleyl-p-tolyhmide was formed, which was crys¬ 
tallized from alcohol till it melted constant at 229 0 (uncor.). 

Calc, for CtH 7 NHCaH(CO)iNC 7 H, N, 9 59, found N, 937 

Action of Phenylhydrazine on Diiodomaleic Acid .—Three grams of di¬ 
iodomaleic add, dissolved in 50% alcohol, were treated with phenylhydra 
1 Reissert, Tiemann, Ber , 19, 622; Reissert, I bid., p 1644 (1886); Michael, Ibid,, 
p. 1377; Wohl, Freund, Ber , 40, 2300 (1907), Bischoff, Walden, Ann., 279, 140 (1894). 
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zine in the proportion of 3 molecules to 1. After heating for 5 minutes 
on the steam bath, red needles separated, which were filtered out of the 
hot solution. The filtrate, on cooling, deposited a few orange crystals, 
which were obtained in quantity by adding a little water to the solution. 
This is the principal product of the reaction, and it was purified by crys¬ 
tallization from 50% alcohol till it showed the constant m. p. 170° (un- 
cor.), when it was dried in vacuo. 

Subst 0.3172, 02262; N2, 18 cc at 21 0 and 766 mm ; Agl, 0.2393; Calc for 
C 2 I 3 (CO) 2 NNHC,H«: N, 6.37; I. 57 70; found: N, 6.67; I, 57 1#. 

The substance is therefore diiodomaleylphenylhydrazide. The same 
substance was obtained from phenylhydrazine and diiodomaleic anhy¬ 
dride in absolute alcohol or glacial acetic acid. 

Calc.. I, 57 70; found. I, 57.19 

None of the red product was formed in this case. 

Properties of Diiodomaleylphenylhydrazide. —It crystallizes in orange 
plates, which melt at 170° (uncor.) with decomposition and bubbling. 
It is soluble in alcohol, methyl alcohol, ether, chloroform, glacial acetic 
acid, benzene, toluene, nitrobenzene, or aniline; practically insoluble in 
carbon tetrachloride or naphtha. Dilute acids have no apparent action 
even if hot; strong sulfuric acid dissolves it with a brownish red color; 
dilute alkali does not act on it in the cold but dissolves it on heating. 

The red product also obtained by the action of phenylhydrazine 
on diiodomaleic acid, occurred in such small quantities that it could not 
be studied thoroughly. The phenylhydrazomaleylphenylhydrazide would 
be expected, but our analyses do not accord well with this formula, and 
we could not get enough of it to repeat them. It crystallizes in red needles, 
melting with decomposition at 226° (uncor.). It is practically insoluble 
in the common organic solvents when cold; soluble in hot glacial acetic 
acid, benzene, or toluene. 

Action of Water on Diiodomaleic Acid —Two grams of diiodomaleic acid 
were heated to 100 0 in a sealed tube with 30 cc. of water for 3 hrs. Car¬ 
bon dioxide was given off when the tube was opened; the other products 
were an aqueous solution and a brown oil. The solution contained hy- 
driodic acid and formaldehyde in large quantity, and a little free iodine. 
The oil, which contained «. few* white crystals, solidified on standing, 
and, after it had been pressed in filter paper, was separated by heating it 
with naphtha into a soluble and an insoluble substance. As the work on 
these compounds was taken up at the end of the year, we have not been 
able to carry it beyond the preliminary stage. The soluble compound 
was purified by crystallization from naphtha until it showed the m. p. 
95*“96 0 (uncor.), when it was dried in vacuo . 

Subst. 0.1362, 0.1807; Agl, 0.2036, 0.2694; Calc, for CHI*COOH: I, 81.40; found: 
I, 80.80, 80.59. 
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These analyses indicate that this product is diiodoacetic acid, but our 
substance is white and melts at 95-96°, whereas the diiodoacetic acid, 
according to Angel!, 1 is yellow and melts at iio°. The explanation of 
these discrepancies must be left to future work. Our product is soluble 
in water, giving an acid reaction, and decomposing carbonates. It is also 
soluble in alcohol, ether, or benzene; practically insoluble in cold naphtha, 
soluble in hot, from which it is deposited in rosets of white needles. 
On exposure to the air it turns pink, and gives a test for free iodine. With 
lead acetate it gives a white precipitate, which can be crystallized from 
hot water. 

The compound insoluble in naphtha, when crystallized from glacial 
acetic acid, gave white plates contaminated with a small quantity of white 
prisms, but the latter were removed by warming gently with water, after 
which the plates were crystallized several times from glacial acetic acid. 

Subst o 2492, ArI, o 4449, Calc for C 2 HI* I, 96 23, found I, 9b 49 

The substance therefore seems to be pentaiodoethane, but it is un¬ 
fortunate that we did not have time to prepare enough for another anal¬ 
ysis. It forms white plates melting at 182-184° (uncor.) and is soluble 
in alcohol, glacial acetic acid, or benzene, and insoluble in naphtha. 

Cambktoos. Mam 

(Contribution from the Otho S A Sprague Memorial Institute, Laboratory 
of Clinical Research, Rush Medical College ] 

THE SYNTHETIC PREPARATION OF d/-GLYCERIC ALDEHYDE. 

By Edoar J Witz km ann 
R eceived July 14. 1914 

The synthetic preparation of d/-glyceric aldehyde was accomplished by 
Wohl at least fifteen years ago. 2 Several workers have repeated the syn¬ 
thesis on a small scale since that time. In those instances in which 
crystalline glyceiic aldehyde was obtained it was by the use of seed crystals 
obtained from Wohl. Others have been satisfied to work with the un¬ 
crystallized syrup. For some chemical work, such as that of Schmitz 3 
on the mechanism of acrose formation, such syrups would be fairly satis¬ 
factory, but for certain biochemical as well as chemical work the pure 
crystalline compound is necessary, in dtder that the experimental results 
shall be sharply significant. As a part of the program of work on the 
metabolism of sugars, which is being followed in this laboratory, it became 
necessary^ to prepare a quantity of pure crystalline glyceric aldehyde for 
biochemical experiments. In the course of this work certain improve¬ 
ments were made in the method of preparation, especially in the manip- 

1 Ber., 26, 596 (1893)* » 

* Wohl, Ber , 31, 1797, 2394 (1898), Wohl and Neuberg, Ber , 33, 3095 (1900). 

* Ber., 46, 2327 (1913) 
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ulations of the highly sensitive glyceric aldehyde itself, which now make 
the isolation of the crystalline compound very certain and relatively easy. 
Glyceric aldehyde, as prepared by the use of these modifications, is much 
more easily crystallized than any known hexosc including galactose. In 
fact it has not been possible to prevent its spontaneous crystallization if 
care was used in the preparation of the syrup. 

The actual work of preparation was done in the Kent Chemical Lab¬ 
oratory of the University of Chicago, through the kindness of Dr. J. U. 
Nef, and I hereby wish to thank him for this and for his helpful interest 
during the course of the work. 

The method used by Wohl in the .synthesis of glyceric aldehyde was 
followed carefully except that it was modified in some important details of 
manipulation. Briefly summarized, this method is as follows’ acrolein is 
dropped fairly slowly into twice its weight of absolute alcohol previously 
saturated at o° with dry hydrochloric acid gas. 

CHo : CHCIIO + HC 1 + 2C 2 H B OH —► CH 2 C 1 CH 2 CH(()G 2 H B ) 2 + H 2 0 . 

The /S-chloropropionicaldehyde diethylacetal forms a separate lower 
layer which is separated, neutralized, etc., and finally treated with pow¬ 
dered sifted potassium hydroxide in order to convert it into acrolein diethyl¬ 
acetal. 

CH 2 ClCH 2 CH(OC 2 H 5 )2 + KOH —> 

CH 2 : CHCII(OC 2 H B ) 2 + KC 1 + H 2 0 . 

The acrolein acetal is oxidized with potassium permanganate to glyceric 
aldehyde diethylacetal. 

3CH2: CHCH(OC2H 6 )2 + 4H2O + 2KMn0 4 —► 

• 3 CH 2 OHCHOHCH(OC2H5) 2 + 2KOH + 2MnO*. 

The glyceric aldehyde acetal in turn is hydrolyzed by 0.1 N sulfuric acid 
in the cold, and from this, finally, the true dimeric crystalline <f/-glyceric 
aldehyde is obtained. 

CH 2 OHCHOHCH(OC 2 H 6 )2 + H 2 0 —*■ CH2OHCHOHCHO + 2C.H 4 OIL 

■t 

In the preparation of 0-chloropropionicaldehyde diethylacetal, it was 
found best to add the acro'ein 1 from a dropping funnel which passed 
through a cork fitted in the flask containing the absolute alcohol saturated 
with hydrochloric acid. A small slit cut in the side of the stopper allowed 
the air to escape as fast as it was displaced by the acrolein. A glass capil¬ 
lary tube in a cork was set into the top of the separatory funnel to prevent 
the acrolein vapors from passing out too freely. The reaction mixture 
was constantly agitated in an ice bath during the addition of the acrolein. 

1 The acrolein used was obtained by the methods described in This Journal, 

36, 1766 (1914) 
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If the acrolein was kept cooled in an ice bath and only added to the sep¬ 
aratory funnel in relatively small amounts, this work could be done in the 
open room without causing any inconvenience or perceptible odor of 
acrolein. 1 The /S-chloropropionicaldehyde acetal separates in part during 
the addition of acrolein. After standing an hour or so in the ice bath with 
occasional agitation, the lower layer was separated off. This was treated 
gradually with an excess of sodium bicarbonate according to the original 
suggestion of Wohl. The method of neutralizing the free hydrochloric 
add with predpitated caldum carbonate 2 was not used. The voluminous 
predpitate of sodium chloride was filtered off under strong suction, pressed 
with a porcelain pestle and finally washed with a little absolute alcohol. 
The filtrate was washed several times with cold water, after which the 
j8-chloropropionicaldehyde acetal was dried with potassium carbonate. 
In this condition it can be left over night. It is never advisable to keep 
the j 9 -chloropropionic aldehyde acetal for long intervals. If it becomes 
necessary to keep it for a time it is not advisable to have it stand over 
moist potassium carbonate. 

The crude 0-chloropropionicaldehyde acetal thus obtained was always 
fractionally distilled in vacuo. The product distilling below 56° at 8 mm. 
pressure had a very powerful odor, probably due to 0-chloropropionic 
aldehyde, which may arise either from the addition of hydrogen chloride 
to acrolein, which was not subsequently converted into the acetal, or it 
may arise from hydrolysis of the acetal. This fraction always gave an 
additional amount of the high boiling fraction on redistilling. The main 
fraction, distilling from 56-66° at 8 mm. was used at once for the prepara¬ 
tion of acrolein acetal. The residue, on distillation, was a golden yellow 
liquid somewhat le9s viscous than glycerol. A portion of this residue was 
distilled in vacuo. Distillation took place all the way from 66° to 140° 
at 16 mm. (but most distilled at 120-40°). The first runnings were com¬ 
posed of /S-chloropropionicaldehyde diethylacetal. On fractionating 
again a slightly yellow, nearly colorless, fraction, boiling at 127-40° at 
10 mm., and having a mild odor resembling acrolein acetal was obtained. 
On attempting to remove this liquid with chromic acid cleaning mixture, 
a very large amount of acetaldehyde was evolved, showing that this dis¬ 
tillate was composed in part of acetals. It was not further investigated. 

Since no suitable copper still, such as was used by Wohl in the treatment 

1 This operation is*very conveniently done in cold weather. The absolute alcohol 
saturated with HC1 may be made up in quantity and kept for a long time by placing 
it in a strong bottle fitted with a rubber stopper. The bottle is set in a deep pan on 
the base of a strong ring stand and a ring is clamped down very firmly on the stopper. 
The whole is placed put of doors. If the temperature is above o° the pan is filled with 
ice water a short time before removing the amount desired, otherwise not. In hot 
weather it is very troublesome to keep this solution. 

1 Wohl and Emmerich, Ber ., 33, 2760 (1900). 
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of £-chloropropionicaldehvde acetal with potassium hydroxide was avail¬ 
able, a 250 cc. round-bottomed flask was used Fifty grams of 0 -chloro- 
propionicaldehyde acetal were placed in the flask and ioo g. of powdered 
potassium hydroxide (passed through a 60-mesh sieve) were added a few 
grams at a time Meanwhile, the contents of the flask were continually 
mixed by shaking. The flask was cooled in ice water from time to time. 
In this way a homogenous, cream-colored mixture was obtained. The 
flask was then fitted with a cork containing a three-ball Glinsky distilling 
tube. The latter was connected with a short Liebig condenser. The 
flask was then immersed in a paraffin bath up to the level of the mixture 
inside. When the bath reached 210-20 0 an active reaction took place 
and acrolein diethylacetal began to pass over at once. When the reaction 
proceeds quite normally, there was no difficulty in keeping the thermometer 
in the top of the Glinsky at or below 120°. The distilate was nearly 
always composed of two layers, the lower one of which was made up of a 
few drops of water. After removing the water with potassium carbonate 
the product was fractionated, using the Glinsky tube. Three portions of 
50 g. thus gave an average of 80 g. of acrolein diethylacetal, distilling be¬ 
tween 120-128° (95% of it between 123-5 0 ). This is 68% of that theo¬ 
retically possible. There was always about 5-10 g. of ethyl alcohol formed 
by the saponification of one of the acetals. Likewise, a few grams of 
acrolein acetal may be recovered by digesting the flasks with water. It 
was invariably noticed, on dissolving the potassium hydroxide residue, 
that there was a considerable amount of an insoluble substance floating 
in the solution of potassium hydroxide. The nature of this product was 
not determined. About 15% of the material used remained as a residue 
on fractionating the crude acrolein acetal. This sometimes gave satis¬ 
factory results on distilling again with powdered potassium hydroxide. 

The formation of acrolein acetal from / 3 -chloropropionicaldehyde acetal 
takes place with surprising ease and regularity when the powdered po¬ 
tassium hydroxide has the right qualities. If, however, a grade of potas¬ 
sium hydroxide is used which contains too much water, or if the grinding 
of the potassium hydroxide is done on a damp day, the results are regularly 
poor. It is very easy to determine, during the distillation, whether the 
results are going to be good. If the powdered potassium hydroxide melts 
before the acrolein acetal begins to distil over (105-20 °), or if the dis¬ 
tillation temperature remains at 78° (b. p. of alcohol), or if the distillate 
has an overpowering odor, (worse than acrolein) the reaction is not pro- 
ceding normally. Usually all three of these signs occur together. Some¬ 
times, however, only the latter (that is the overpowering odor) is present 
to a slight extent. This is usually a warning that the yield will be a bit 
low and that more care should be taken to keep the potassium hydroxide 
dry. 
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The explanation of this undesirable result is not difficult. The reaction 
may be written thus: 

CHjCl CHjCl— 

I I 

CH, + HaO —► CH* + aC*H»OH 

I I 

CH(OC 2 H 6 ) s cho 

It is probable that only the 0-chloropropionicaldehyde (the compound 
with the powerful odor) formed by the action of water vapor on the vapor 
of the acetal passes over into the distillate. The 0-ehloropropionicalde- 
hyde formed by the action of water within the liquid mixture is no doubt 
polymerized instantly. This is shown by the fact that a white insoluble 
polymer appears in the distillation mass which increases in quantity as 
the reaction proceeds. Wohl and Emmerich 1 had similar trouble in hy¬ 
drolyzing / 3 -chloropropionicaldehyde acetal with aqueous potassium hy¬ 
droxide in order to obtain 0-hydroxypropionicaldehyde acetal. 

After having gained sufficient experience with the technique, it was 
found possible to prepare, in about three weeks, enough acrolein (about 
1600 g. from about 6000 g. of glycerol) and to convert this by successive 
stages into 735 g. of acrolein diethylacetal. 

The oxidation of acrolein diethylacetal to glyceric aldehyde diethyl¬ 
acetal presents no difficulties, except that of getting a large yield. Wohl 
and Neuberg 2 succeeded in getting a maximum yield of about 40%. In 
my own experiments it was possible to get a maximum yield of 54%, not 
counting the unchanged acrolein acetal recovered, or an average of 52-53% 
for a series of oxidations. 540 cc. of water were placed in a three liter 
flask and 50 g. of acrolein acetal were added. To this 1100 cc. of an aqueous 
solution, containing 60 g. of potassium permanganate ( 1 . e., nearly saturated 
at room temperature), were added from a dropping funnel at the rate of 
100 cc. in five minutes. Throughout the addition, the mixture was vigor¬ 
ously agitated in an ice bath. The reaction mixture was then allowed to 
stand for 2 hours in the ice bath. Usually the entire contents of the 
flask set into a stiff jelly (1. e., of hydrated manganese dioxide hydrogel) 
in 15 to 30 minutes. This gel was so stiff that frequently the flask could 
be turned upside down without disturbing the gel. Gradually, if left 
undisturbed, this gel showed “condensation water’' or syneresis and also 
deep fractures. Afyer standing two hours it was placed on the steam bath. 
This hastens the further coagulation of the colloid, so that when the mix¬ 
ture has become fairly warm it may be thrown upon a large (8 inch) 
Buchner suction filter. By pressing the precipitate with a spatula the 
manganese dioxide may be sucked quite dry. It is then washed with about 
1 Ber. t 3$, 2760 (1900). 

* Ibid f 33, 3095 (1900). 
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150 cc. of water. The warm filtrate (about 1800 cc.), which smells strongly 
of acrolein acetal, is treated with 900 g. of commercial potassium carbonate 
and the solution cooled at once. It is not necessary to add about 1800 g. 
of potassium carbonate as stated by Wohl. The mixture is now trans¬ 
ferred to a large separatory funnel; the upper layer (glyceric aldehyde 
acetal) is drawn off and the aqueous solution extracted 4 or 5 times with 
ether. On mixing the ether extract with the crude acetal first drawn off, 
solution at first results; on addition of more ether, however, a considerable 
amount of glyceric aldehyde acetal separates out as a lower layer. This 
was discarded as water at first, but later its true nature was discovered. 
Experiments with pure glyceric aldehyde acetal and ether failed to show 
any such miscibility break in this binary system, so that the miscibility 
break observed here must be due to some third component, probably the 
water dissolved in the ether. At least it was found that the glyceric al 
dehyde acetal was taken up into solution again instantly as soon as potas¬ 
sium carbonate was added in order to dry the solution. After distilling 
off the ether, the crude glycericaldehyde acetal was distilled in vacuo. 
It boiled at 120-1 0 at 8 mm. pressure. 

From 60 g. of acrolein acetal 39 to 40 g. of glyceric aldehyde acetal were 
nearly always obtained, and about 3 g. of unchanged acrolein acetal were 
recovered. From 835 g. of acrolein acetal 512 g. of pure glycericaldehyde 
acetal were obtained. Altogether, 1465 g. of acrolein acetal were worked 
up in this way. 

d/-Glyceric Aldehyde. 

In the preceding pages I have given some additional observations and 
•details concerning the preliminary stages in the synthesis ^/-glyceric alde¬ 
hyde from acrolein and glycerol, but significant and important improve¬ 
ments were also made in the manipulation of the free glyceric aldehyde 
itself. Wohl apparently had considerable difficulty in crystallizing his 
glyceric aldehyde, and states that it required weeks to get the first crystals. 
Schmitz 1 found that very small concentrations of alkali condense glyceric 
aldehyde into a definite mixture of 2-keto-hexoses. Nefs long studies 
with the sugars 2 have shown how sensitive even the. hexoses are to the 
action of inorganic bases and salts. In glyceric aldehyde all these proper¬ 
ties would be even more marked. In view of these considerations, Nef 
■suggested the use of small amounts of acetic acid to overcome the unde¬ 
sirable effects jf any traces of alkali. The results obtained in the crystal¬ 
lization of glyceric aldehyde as a result of this suggestion are so remarkable 
in comparison with anything described in chemical literature that they 
will be described in some detail. 

The glyceric aldehyde acetal was dissolved in 10 times its. weight of 
1 Ber ., 46, 2327 (1913). 

J Ann., 357, 214-312 (1907); 376 , 1-119 (19x0); 403, 204-383 (1914)* 1 
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o.i N sulfuric add and allowed to stand at room temperature for a few 
days, or better for a whole week. To this was added 6.3 g. of glacial 
acetic add per 100 cc. The solution was then wanned and slightly more 
than the calculated quantity of barium hydroxide (about 0.3 N) was 
added a little at a time. 1 

The solution was filtered after standing for some time to remove as much 
of the barium sulfate as possible (i. e. t all but at most a slight turbidity). 
Test portions were placed in test tubes and a small amount of the 0.1 N 
sulfuric add was added to one of them. Both were warmed somewhat 
and the turbidities were compared. The solution was adjusted by the 
addition of small amounts of sulfuric acid until it showed only a very slight 
positive test for barium as shown by the formation of a slight turbidity on 
adding a little 0.1 N sulfuric acid to a test portion. 

This solution was then filtered through a hard filter containing a pinch 
of animal charcoal and the water was then removed from the clear, color¬ 
less, filtrate by distillation at 20 mm. pressure. The syrup remaining 
was dissolved in the minimal amount of warm absolute alcohol and an 
equal volume of ether added (i. e., until a turbidity begins to appear). 
On standing for 25 hours the last traces of inorganic matter were separated 
out and the clear filtrate then gave, on customary distillation at reduced 
pressure, a transparent syrup; this syrup was now transferred to a beaker 
and placed in a vacuum desiccator over night. The next morning the 
syrup showed a white opalescence. Before night the syrup had become 
white and opaque. A little ethyl alcohol was now stirred into the mass 
from time to time until the mass ceased to be sticky any longer. Thirty 
grams of glyceric aldehyde acetal treated in this way gave, in three days* 
10 g. of a ctystalline powder nearly insoluble in cold ethyl alcohol, with 
which it was freely washed on a filter. The glyceric aldehyde thus ob¬ 
tained melts 132 0 without further purification. This was the only ex¬ 
periment in which the passage of glyceric aldehyde through the colloidal 
state, was so clearly noticed. In all subsequent experiments mare dilute 
syrups were used for crystallization in order to obtain larger crystals. 

After a few more batches of glyceric aldehyde had been worked up in 
this way and inocculated with particles of the above crystals, it became 
evident that the yield in crystalline glyceric aldehyde was considerably 
less than the amount theoretically possible from the acetal used. This 
may have been du^ to unhydrolyzed acetal or to some condensation of 
rearrangement product of the glyceric aldehyde itself. The following 
procedure was therefore adopted: 

The acetal was hydrolyzed for a week at room temperature just as 

1 The used by Wohl at this point was to simply neutralize the sulfuric 

by adding ah excess of barium hydroxide and then to remove the excess of barium 
hydroxide#: once by passing a stream of carbon dioxide through the solution. 
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before* except that it was twice warmed for about 2 hrs. to about 35 0 
during the hydrolysis. Before adding the barium hydroxide, 0.5 g. of 
glacial acetic acid was added per 100 cc., of the solution. The end adjust¬ 
ment of the trace of barium acetate was made as before. The final re¬ 
moval of the last portions of barium sulfate was accomplished by filtering 
through a hard filter containing a pinch of animal charcoal, which had been 
washed thoroughly with hydrochloric acid and then with water till free 
from acid. The solution was now concentrated in vacuo to a thick syrup 
free from water. This was dissolved in absolute alcohol. When pre¬ 
pared in this way it is impossible to prevent spontaneous crystallization 
of alcohol solutions of the glyceric aldehyde. This solution is treated with 
ether, filtered and concentrated in vacuo at once. If it is to be transferred 
from the distilling flask it must be done quickly, because in twenty min¬ 
utes after the removal of the water bath crystallization is well advanced. 
In fact, in a few cases, crystallization began while the flask was being 
heated. In twenty-four to forty-eight hours crystallization is complete. 

When crystallization is complete the flask usually contains a thick, 
porous cake of crystals covered with a layer of limpid mother liquor a few 
millimeters thick. The cake is broken up and thrown on a suction filter. 
The flask and crystals are repeatedly washed with absolute alcohol after 
which the crystals are spread out on a porous plate and allowed to dry 
After standing in the air one day the melting point was found to be 142 °. 
The highest melting point previously observed (138°) was obtained by 
Wohl and Neuberg 1 after recrystallizing their product from 40% methyl 
alcohol and drying in vacuo over phosphorus pentoxide. A specimen kept 
in a vacuum desiccator over concentrated sulfuric .acid for three days 
melted at the same temperature, thus showing that this sugar is not hygro¬ 
scopic. The glyceric aldehyde syrup is quite sweet. Wohl states that 
the crystals are less sweet than the syrup. This is true. In fact, there is 
no perceptible taste whatever when crystals are placed on the tongue and 
allowed to dissolve there. 

The mother liquor was concentrated tn vacuo and allowed to crystallize 
again. 

The behavior of dZ-glyceric aldehyde in crystallization is very interesting. 
As was shown above, much better results in crystallization are obtained 
when inorganic compounds present in the small amount of bone-black 
used are kept out of the solution. Just what the effect of these salts 
(CatPjC>7, CaCOs, etc.) is, has not as yet been determined experimentally. 
Furthermore, success in crystallization depends in part on the complete 
removal of water from the syrup. If the w,ater has been completely re¬ 
moved and the syrup taken up in alcohol, the crystalline dimeric form 
(since this is almost insoluble in alcohol) begins to separate out at once. 

1 Ber ., 33, 3095 (1900). 
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The additiott of ether to the alcohol solution does not interfere with crystal¬ 
lization. In fact, considerable crystalline glyceric aldehyde was obtained 
from this mixed solvent. But even with the technique described, the re¬ 
sults obtained in crystallization are somewhat variable, as will be seen 
from the results given below. Moreover, no experimental explanation 
has yet been found for the fact that usually only 75% of the glyceric alde¬ 
hyde theoretically possible could be crystallized out of any given batch. 

In some test experiments the following results were obtained: Ninety 
grams of the acetal gave, on the first crystallization, 28.5 g. of glyceric 
aldehyde crystals. On concentrating the mother liquor and washings 
in vacuo a second crop of 8.2 g. was obtained. The washings from the 
second crop gave 11.0 g' of gum which no longer crystallized on diluting 
with alcohol. Therefore, 75% of the 49.3 g. of glyceric aldehyde theo¬ 
retically possible were obtained in the crystalline form. 

In another experiment, 27 g. of crystalline glyceric aldehyde out of the 
41.7 g. theoretically possible were obtained from the first crystallization, 
i. e 64.7%. A second crop of 4.7 g., and a third crop of 3. 7 g. was ob¬ 
tained, making a total of 84.8% recovered as crystals. 

Altogether, enough material was worked up to have given 400 g. of 
crystalline glyceric aldehyde, assuming that 95% of it could be crystallized. 
As a matter of fact, only a little over 250 g. was obtained altogether. 

Chicago, Iix. ' 

[Contribution prom the Chemical Laboratory op Washington University ] 

A FURTHER STUDY OF THE PREPARATION AND PROPERTIES 
OF THE AMMONIUM SALTS OF ORGANIC ACIDS. 
FOURTH COMMUNICATION. 1 

By LsRoy McMabtbk 
Received July 20, 1914. 

In continuation of the investigation of the preparation and properties 
of the neutral ammonium salts of organic acids, I still find that the salts 
were always prepared by neutralizing an aqueous solution of the organic 
add with ammonia water or ammonium carbonate, and the solution al¬ 
lowed to evaporate. As a result, the add salts, instead of the neutral 
salts, were generally obtained, due to the hydrolytic action of water upon 
them. The properties given are thus the properties of the add salts. 
In some cases no record at all can be found of the preparation of any am¬ 
monium salt of the organic add. Many of the salts also contained water 
of crystallization. 

In attempting to prepare some neutral di-ammonium salts by the above 
1 For previous papers on this subject see* Am. Chem. J, 49, 84-87 (1913); Chem. 
News , 108, 136-137 (W3); Am. Chem. J., 49, 294-301 (1913): Chm. News , 108, 182- 
183, i93~i94 (1913); This Journal, 36, 74^-747 (1914)- 
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general method, Keiser and McMaster 1 always obtained the acid salts. 
They then dissolved the organic acids in absolute ethyl alcohol or ether 
and conducted a 'stream of dry ammonia gas into the solution. By this 
method they were thus able to prepare neutral di-ammonium salts of 
several of the organic acids. I 2 continued the preparation of neutral am¬ 
monium salts in methyl alcohol, ethyl alcohol and ether and studied their 
properties, many of which were found to be different from those described 
in the literature. There have been prepared by this method, in this lab¬ 
oratory, the neutral ammonium salts of propionic, butyric, isobutyric, 
isovalerianic, caproic, malonic, succinic, glutaric, ethyl malonic, adipic, 
pimelic, sebacic, fumaric, maleic, itaconic, citraconic, mesaconic, tar- 
tronic, malic, tartaric, racemic, crotonic, benzoic, cinnamic, o-phthalic 
and w-phthalic- acids. 

The work on the preparation of neutral ammonium salts of organic 
acids and a study of their properties has been continued. There have 
been prepared and studied the neutral ammonium salts of palmitic, 
stearic, oleic, elaidic, aconitic, salicylic, w-hydroxy benzoic, ^-hydroxy- 
benzoic, />-methoxybenzoic, hydrocinnamic, hippuric, c-toluic, phenyl 
acetic, mandelic and uvitic acids. They were prepared in absolute alco 
alcohol and ether. Several were prepared also in acetone. 

Some of the ammonium salts of the organic acids are more or less solu¬ 
ble in alcohol, and, when such was found to be the case, they were gen¬ 
erally precipitated from a saturated solution. Before filtering, ether was 
generally added to decrease their solubility. As a rule, the salts were 
generally precipitated in a crystalline form from the alcoholic solution 
and in an amorphous condition from the ethereal solution. On passing 
ammonia into the solutions, there are frequently formed at first gelatinous 
or mucilaginous precipitates which generally change in a short time to 
crystalline or amorphous powders. This happens more frequently in 
the ethereal solution than in the alcoholic. In the acetone solutions 
so far studied, granular powders are formed at once on passing in the 
ammonia. 

In the following work the neutral* ammonium salts df palmitic, stearic, 
oleic and elaidic acids were prepared and analyzed by Mr. John D. Flem* 
ing, Jr. The ammonium salicylate and hippurate were also analyzed by 
Mr. Fleming, to whom I desire to express my sincere thanks. 

Of the Higher Fatty Acids. 

Ammonium Palmitate .—On attempting to prepare the neutral ammonium 
salt of palmitic acid by treating the acid with ammonia, Fremy 8 obtained 
the add salt, insoluble in cold water. The neutral salt can be readily 

1 Keiser and McMaster, Am Chem. J , 49, 84 (1913). 

* 2 Loc c % t . 

* Fremy, Ann , 36, 46 (1840) 
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prepared by passing dry ammonia gas into an ethereal solution of the 
acid, when it is formed as a very voluminous, white gelatinous precipi¬ 
tate. It does not become crystalline even after passing in the gas for three 
hours. This precipitate was first filtered by suction, washed with ether 
and dried in the air. Prepared in this manner, it lost ammonia and turned 
to a yellow curdy substance resembling a “soap.” The freshly precipi¬ 
tated substance was next quickly filtered by suction on an alundum 
crucible, placed in a glass tube and a current of dry ammonia conducted 
over it to remove the ether. It was then placed for a few minutes in a 
vacuum desiccator and analyzed. Determination of the nitrogen by the 
Kjeldahl method proved it to have the composition of the neutral salt. 

Calc for Ci 6 H 8 iOaCNH 4 ) 5 *3%; found* 5 16% N 

The neutral salt when first precipitated is white, but soon becomes 
somewhat yellow. It is not hygroscopic, but loses ammonia, especially 
in moist air. It is slightly soluble in ether and petroleum ether, readily 
soluble in methyl alcohol, ethyl alcohol and acetone, and insoluble in car¬ 
bon tetrachloride and benzene. There is considerable frothing when the 
salt is shaken with water. 

Palmitic acid was also dissolved in ethyl alcohol and the solution treated 
with ammonia gas. After a short time, a crystalline precipitate was 
formed which went into solution upon the addition of a small amount 
of alcohol. The solution was poured into a crystallizing dish and the 
alcohol allowed to evaporate. The salt obtained was at first pure white, 
but before the evaporation was complete it became yellowish. After 
the alcohol had entirely evaporated and the salt became dry, it had the 
appearance of the compound prepared in ether. It had lost ammonia 
and analysis proved it to be the acid salt. In order to obtain neutral 
ammonium palmitate it was thus very evident that the salt must not be 
exposed to the air for any length of time. The compound prepared in 
either alcohol or ether is evidently an ammonium “soap.” 

Ammonium Stearate .—Stearic acid was dissolved in ether and dry am¬ 
monia conducted into the solution. A white gelatinous precipitate was 
formed which, after a short time, appeared to be somewhat crystalline. 
Like the palmitate, this salt loses ammonia in ordinary air, and it was 
necessary to filter it very quickly by suction and dry it in a current of am¬ 
monia gas. The salt thus prepared is not hygroscopic, is stable in dry 
air, but loses ammftnia in moist air. It is practically insoluble in ether, 
benzene, carbon tetrachloride and petroleum ether, but very soluble in 
methyl alcohol, ethyl alcohol and acetone. It froths considerably when 
shaken with water. ,When an alcoholic solution of the add is saturated 
with ammonia gas and the mixture allowed to evaporate in the air, there 
is obtained a soapy residue which analysis shows to be an acid salt instead 
of the neutral salt. This is due to the fact that it has lost ammonia 
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during the evaporation of the alcohol When a small amount of the 
neutral salt prepared in ether was dissolved m alcohol, and the alcohol 
quickly evaporated, the residue was partly amorphous and partly made 
up of needle-like crystals We have with the stearate another example 
of an ammonium soap 

Determinations of the nitrogen by the Kjeldahl method gave result* 
slightly higher than the calculated amount for the neutral salt This 
may have been caused by a small amount of free ammonia not being re 
moved, although the salt was placed over sulfuric acid m a vacuum desic 
cator 

Calc for CitHuOiCNH^ 465*0 found 4 80 and 4 81 %N 

Ammonium Oleate —For the preparation of liquid-crystalline ammo¬ 
nium oleate, Lehmann 1 has made the neutral anhydrous ammonium 
oleate by passing ammonia gas from a steel cylinder into oleic acid until 
it smells strongly of ammonia If this preparation is fused under a cover- 
glass on a slide, and “the cooling is watched under a microscope, it is seen 
that the mass solidifies as a whole to small needle-shaped (rhombic ? ) 
crystals of a labile modification These are soon converted into a rather 
less fusible stable modification appearing as imperfectly forme 1 (mono- 
clmic?) leaflets From alcoholic solution these latter can be obtained 
as relatively large crystals with sharp edges ” Lehmann also states that 
an anhydrous acid ammonium oleate does not exist and that solid neutral 
ammonium oleate dissolves in oleic acid from which it crystallizes out 
agam unchanged The neutral anhydrous ammonium oleate can also 
be prepared by conducting dry ammonia gas into an ethereal solution of 
oleic acid At first there is formed a white gelatinous precipitate which 
becomes somewhat crystalline after running m the gas about one hour 
It is impossible to filter the mixtuie even by suction The ether was re 
moved by a current of dry ammonia gas and the salt finally dried in a 
stream of dry air It is very deliquescent and loses ammonia easily in 
moist air When shaken with water it forms a milky suspension 
Calc for Ci8H M O a (NH 4 ) 468% found 4 67% N 

When it was found that the ether could not be removed by filtration 
from the precipitated salt, the mixture was poured into a crystallizing dish 
When the ether had e\aporated, there remained a very viscous liquid 
which on stimng became semi solid During the evaporation of the ether, 
moisture was taken up by the gelatinous precipitate and there was pre¬ 
sumably formed neutral ammonium oleate hydrate This is practically 
what was observed bv Lehmann 2 in the preparation of liquid crystalline 
ammonium oleate— 1 If we continue to add water to the solid anhydrous 

1 S%U b Hetdelberger Akad Wtss 1913, A xni Chem News 108, iqi 19m 
1 hoc at 
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crystals of ammonium olcatc it may easily be seen under the microscope 
that when the amount of water has reached a certain definite limit, the 
whole mass is converted into the syrupy liquid-crystalline modification. 
Thence forward no needles or leaflets of the anhydrous modification ap¬ 
pear; the mass has become neutral ammonium oleate hydrate.” That 
the mass referred to above will take up moisture readily was also noted by 
Lehmann for—“it is sufficient to leave the preparation uncovered for 
some time, when it absorbs moisture from the air, or to breathe on it.” 

Ammonium Elaidaic .—No record can be found of the preparation of 
this salt. Elaidic acid was dissolved in ether, and ammonia passed into 
the solution. A glistening, white, gelatinous precipitate was formed 
which was filtered, washed with ether, and dried in a current of dry air. 
When thus dried, it became an amorphous soap-like substance. Ammonium 
elaidate can also be prepared in alcohol by saturating an alcoholic solu¬ 
tion of the acid with ammonia gas and allowing the alcohol to evaporate. 
Since this salt loses ammonia slowly in the air, it is better to pass the am¬ 
monia gas into a saturated alcoholic solution of the acid, when white, 
translucent crystals are precipitated at once. These can be filtered, 
washed with ether, and dried in a desiccator. White, crystalline flakes 
are thus formed. The salt prepared in either medium is not deliquescent. 
The salt is soluble in methyl alcohol, ethyl alcohol, acetic acid and ace¬ 
tone. Analysis of the salt prepared in ether showed it to be the neutral 
ammonium elaidate. 

Calc, for CiiH M d a (NH 4 ): 4.68%; found: 4.61% N. 

Of a Tribaslc Acid. 

All the previous preparations have been the neutral salts of monobasic 
and dibasic acids. The method having proved so very applicable in these 
cases, it was tried on the preparation of a neutral ammonium salt of a 
tribasic add. Neutral ammonium aconitate was prepared, but only with 
difficulty, on account of it being so very deliquescent and losing part 
of its ammonia so readily. It suffices to show that the method is of very 
general application. 

Ammonium Aconitate .—Several attempts were made to prepare the 
neutral ammonium salt of aconitic add. When ammonia is passed into 
a solution of the acid in ether or in methyl alcohol, a mucilaginous pre- 
dpitate is formed. This will not crystallize, even if the ammonia is con¬ 
ducted into the ethereal or alcoholic solution for a long time. A white 
colloidal predpitate is formed if the ammonia is passed into a solution of 
the add in ethyl alcohol. After standing four days, this predpitate settled 
out mostly as an amorphous powder, but a small part of it was gummy. 
It was not analyzed. Baup 1 has also found that the neutral ammonium 
1 Baup, Ann , 77, 302 (1831). 
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salt of aconitic acid will not crystallize. The salt was prepared by Baup 
in aqueous solution and allowing the solution to evaporate to crystalliza¬ 
tion. 

Ammonia was then passed into a saturated alcoholic solution of the 
acid to which a small amount of ether was added. A granular precipitate 
was now formed. This was quickly filtered by suction, washed with ether, 
and placed over sulfuric acid in a vacuum desiccator for a short time. 
Analysis of two samples of the salt thus prepared gave, respectively, 
16.08% and 16.09% of nitrogen. The neutral salt of aconitic acid con¬ 
tains 18.67% nitrogen. Since this salt is very deliquescent and readily 
loses ammonia, it was again prepared as just described and placed in a 
desiccator containing sodium hydroxide instead of sulfuric acid. Two 
analyses of this salt gave, respectively, 18,63% and 18.65% nitrogen, 
showing that it was the neutral compound. This salt gave a neutral 
solution when dissolved in water, in which it is very soluble, but soon 
hydrolyzes. It is soluble in acetic acid, slightly soluble in methyl and 
ethyl alcohols and insoluble in ether. 

Of the Hydroxy-Benzoic Acids. 

Ammonium Salicylate- -Cahours 1 prepared the normal sab of sali¬ 
cylic acid by evaporating a hot, concentrated solution of salicylic acid 
and ammonia water. Upon cooling, the ammonium salt crystallized out 
in scales. A dilute solution produced, by slow' evaporation, glittering, 
silky crystals, which, dried in the air, had the composition NH4C7H6O1. 
The salt was found to be very soluble in water; by dry distillation, it de¬ 
composed into water and the amide of salicylic acid. Marignac 2 ob¬ 
tained this salt as monoclinic crystals containing o .5 molecule of w^ter 
of crystallization. 

When ammonia gas was passed into an ethereal solution of salicylic 
acid, white, pearly scales were formed. An aqueous solution of the salt 
was neutral and produced, with ferric chloride, a wine-red color. It is not 
deliquescent, and loses ammonia only in moist air. It is very soluble in 
water, methyl alcohol, ethyl alcohol and acetic acid. 

Calc, for CtHsCMNH*): 9.03%; found. 9.04%»N 

Ammonium-m-Hydroxybenzoate. —The ammonium salt of m-hydroxy- 
benzoic acid was first prepared by Barth 8 by dissolving the acid in dilute 
ammonia water and allowing the solution to evaporate. The salt crys¬ 
tallized in needles in fascicular aggregates and was found to be very solu¬ 
ble in water. It contained no water of crystallization, and lost ammonia 
if dried on the water-bath. Analysis of the air-dried salt showed it to 
have the formula CyHsOjNIiU. 

1 Cahours, Ann., 5a, 336 (1844). 

2 Marignac, Jahresb. FortschriUe Chern., 1855, p. 485. 

* Barth, Ann., 148, 36 (1868). 
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When ammonia gas is passed into an'ethereal solution of w-hydroxy- 
benzoic add until a portion of the salt, on being dissolved in water, shows 
a neutral solution, there is formed a white, granular predpitate of neutral 
ammonium w-hydroxybenzoa te. When the ammonia is first passed in, 
the predpitate formed is very mucilaginous. The salt was washed with 
ether and dried in the vacuum desiccator. It is not deliquescent. In 
dry air the salt is stable, but loses ammonia in moist air. It is soluble in 
methyl alcohol, ethyl alcohol and acetic add. It gives no color with 
ferric chloride. The salt crystallizes from ethyl alcohol in needles. 

This salt can also be predpitated in acetone, in which it is but slightly 
soluble. When the ammonia is passed into the solution of the acid in 
acetone, no mucilaginous predpitate is formed at first, as in the case of 
the ethereal solution, but a granular powder is formed at once. The salt 
prepared in either acetone or ether slowly hydrolyzes when dissolved in 
water. 

Prepared in ether Calc for C 7 HftO s (NH4): 903%, found. 905% N Prepaied 
in acetone Found: 9 02% N 

Ammonium p-Hydroxybenzoate .—This salt has been prepared by neu¬ 
tralizing the aqueous solution of £-hydroxybenzoic acid with ammonia 
water and the solution allowed to evaporate. It crystallized out from solu¬ 
tion in long prisms and contained one molecule of water of crystallization. 

This salt can also be prepared by passing dry ammonia gas into a sat¬ 
urated alcoholic, an ethereal, or an acetone solution of the anhydrous 
acid. In the alcoholic solution fine needle-like crystals are formed, in 
the ethereal solution a gelatinous predpitate is first formed which turns 
to an amorphous powder, while an amorphous powder is formed at once 
in the acetone solution. The salt was filtered by suction and washed 
with ether in each case. It is not deliquescent and imparts a neutral 
reaction to water, in which it is very soluble. It slowly hydrolyzes when 
dissolved in water. The aqueous solution gives no color with ferric chlor¬ 
ide. It loses ammonia in moist air. The salt is readily soluble in methyl 
alcohol and acetic acid, very slightly soluble in acetone and appreciably 
so in ethyl alcohol. It is insoluble in ether. Analysis was made of the 
salt prepared in ether. 

Calc, for C 7 H k 0 8 (NH4): 9.03%; found: 9 05% N. 

Ammonium p-Methoxybenzoate .—The ammonium salt of p-methoxy- 
benzoic add (anisic add) is described by Laurent 1 to be rhombic plates 
of the composition folLCgHTCV When ammonia was passed into a solu¬ 
tion of the add in alcohol, pearly white crystalline leaflets were formed, 
which were filtered, washed with ether and dried in a vacuum desiccator. 
The salt is stable in the air, and an aqueous solution of it is neutral to 
sensitive litmus paper. It is not ddiquescent and its aqueous solution 
1 Laurent, Bert Jahrb., 23, 415. 
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does not hydrolyze. It is readily soluble in methyl alcohol and acetic 
acid, and appreciably so in ethyl alcohol and acetone. A white, curdy 
precipitate, soluble in ammonia water, is formed when silver nitrate is 
added to an aqueous solution of the salt. 

Calc, for CsHvOsfNH*): 8 29%; found. 831% N 
When ammonia gas was conducted into an ethereal solution of p-ineth- 
oxybenzoic acid, there was first formed a gelatinous precipitate which 
changed to a fine, crystalline powder. It can be crystallized from ace¬ 
tone in the form of fine feather-like needles. 

Of Some Other Aromatic Acids. 

Ammonium Hydrocinnamate .- Beilstein 1 describes this salt as small 
leaflets, easily soluble in water and readily losing ammonia. When am¬ 
monia is run into an ethereal solution of hydrocinnamic acid there is formed 
a white, gelatinous precipitate, which on drying changes to white, lus¬ 
trous leaflets. The salt thus formed is the neutral ammonium hydro¬ 
cinnamate, soluble in water, methyl alcohol, ethyl alcohol and acetic 
acid. It is insoluble in ether. The salt is slightly hygroscopic and loses 
ammonia in the air. Ferric chloride forms a yellowish precipitate with 
an aquesous solution of it. 

Calc for C 9 H 9 0 2 (NH.i)* 8 38% ; found 8 37^ N 
On account of the great solubility of this salt in ethyl alcohol, it cannot 
be precipitated in this medium. Ammonia was run into a solution of 
2 g. of the acid in ethyl alcohol for one hour, the alcoholic solution poured 
into a crystallizing dish and allowed to evaporate in the air over night. 
A heavy oily substance remained instead of the pure salt. This oil was 
acid to litmus paper. On distilling it, ammonia was first evolved, then 
fumes which condensed to a white solid. The mercury of the thermom¬ 
eter then rose to 260° and a heavy, refractive oil passed over which redis¬ 
tilled at 245 0 (uncor.). Hydrocinnamic acid 2 is easily changed partly 
into its ethyl ester of boiling point 247 0 (cor.) by merely dissolving it in 
ethyl alcohol. On the other hand, the ester just as readily changes back 
to the acid by the moisture of the air. Ethyl hydrocinnamate is also 
very refractive. The oily residue which was obtained above by allowing 
the alcoholic ammonia solution of hydrocinnamic acid to evaporate in 
the air was thus a mixture of hydrocinnamic acid, its ammonium salt, 
and its ethyl ester. 

Ammonium Hippurate.- -A salt of the formula NH4C9H8NO3.C9H9NO3 + 
H 2 0 was obtained by Schwarz 8 by treating hippuric acid with an excess 
of ammonia. He was unable to prepare the neutral salt, and no record 
of its preparation can be found. When ammonia gas was run into a satura- 
1 Gjacosa, Hoppe-Seyler’s, Z physiol Chem , 8, iog (1883) 

* Frlenmeyer, Ann ., 137, 330 (1866). 

8 Schwarz, Ann ., 54, 37 (1845). 
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ted alcoholic solution of hippunc acid to which was added a small amount 
of ether, glistening, pearly, white laminae were formed These were fil¬ 
tered on an alundum crucible and washed with ether The salt is stable 
in dTy air but loses ammonia slowly in moist air It is not deliquescent, 
and an aqueous solution of it is neutral It is soluble m metHyl alcohol 
and ethyl alcohol It is somewhat soluble in acetone, from w hich it cn s 
tallizes in beautiful needles It is insoluble in ether 

Determination of the total nitrogen by the Kjeldahl method proved it 
to have the composition of the neutral salt 

Calc for C*H*NOb(NH 4 ) 1429% found i4 30 c t N 

Ammonium o-Toluate —This salt cannot be precipitated by passing am 
moma into an alcoholic solution of the acid on account of its great solu 
bdity m the alcohol When the solution is evaporated, crystalline meedles 
are formed A fine, white, crystalline precipitate is formed if the ga r is 
passed into an ethereal solution of the acid The salt is not deliquescent 
but is readily soluble in water, giving a neutral solution The salt is stable 
in dry air, but loses ammonia slowly in moist air It is soluble in methyl 
alcohol, ethyl alcohol, acetic acid and acetone 

Calc for C i H 7 O s (NH 4 ) 9 is 7 t found 9 15^ N 

Although some of the salts of 0 toluic acid have been prepared and 
studied, no mention of the neutral ammonium salt can be found 

Ammonium Phenylacetate —This salt was prepared by Moller and 
Strecker 1 by dissolving the acid m ammonia water and allowing the solu 
tioa to evaporate to crystallization The salt was obtained only with 
difficulty on account of its great solubility Fine, white needles, are formed 
if ammonia gas is conducted mto a saturated alcoholic solution of phenyl 
acetic acid, while a fine, white, semi crystalline precipitate is formed, if 
the ammonia is run into an ethereal solution of the acid Before filtering 
off the crystals formed in the alcoholic solution it is necessary to add ether, 
for they are quite soluble in the alcohol The salt is fairly stable m the 
air, losing its ammonia but slowly in moist air The salt does not deli 
quesce, and imparts a neutral reaction to a water solution of it It is 
very soluble in water methyl alcohol and acetic acid, but only slightly 
so m acetone 

Prepared in alcoliol Calc for C|H 7 Oa(NH 4 ) 9 is c c found 9 12% N Prepared 

m ether Found 9 15% N 
* 

Ammonium Mandelate —This salt was first prepared by Wmckler* 
by treating an aqueous solution of mandelic acid with ammonia water 
and allowmg the solution to evaporate slowly The ammonium salt 
crystallized out only with difficulty as a yellowish white, soft mass, ex- 
1 Moller and Streckex Ann 113, 66 (i860) 

* Wmckler Ann 18,317(1836) 
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tremely soluble in water and in alcohol Duparc and Pearee 1 prepared 
the salt m the form of rhombic prisms 
The neutral ammonium salt of mandelic acid was prepared by the usual 
method m ether When the ammonia was added there was first formed 
a white mucilaginous precipitate which soon changed to a fine crystalline 
powder, very soluble in water, methyl alcohol, ethyl alcohol and acetic 
acid, but insoluble in ether and acetone The salt, being very deliquescent 
m the air, was quickly filtered, washed with ether, and dried for a short 
time over sulfuric acid in a vacuum desiccator It gave a neutral solu 
tion when dissolved in water It loses ammonia in moist air The salt 
can be crystallized from ethyl alcohol m aggregates of line needles 
Calc for C 8 H 7 0 (NH<) 8 28^ found 8 29^ N 
Ammonium Umtaie —No record can be found of the prepaiation and 
properties of this salt other than being mentioned by Finek 2 that it is im 
possible to precipitate it out of its aqueous solution by alcohol When 
dry ammonia gas was run into an alcoholic solution of uvitic acid, no pre 
upitate was formed Upon the addition of ether to this solution a white, 
flocculent precipitate was formed This was filtered by suction, keeping 
the alundum crucible filled with ether to prevent the salt going into solu 
tion on account of the alcohol present The salt dried in a vacuum 
desiccator to an amorphous powder It is readily soluble in water 
to which it imparts a neutral reaction It is soluble in methyl alcohol, 
ethyl alcohol, and acetic acid, slightly soluble in acetone and insoluble in 
ether The salt is not deliquescent The salt prepared in ether had 
these same properties, and analysis showed it to be the neutral ammonium 
salt of uvitic acid 

Cak for CtHn 0 4 (NH<)t n oRty found n m p ( N 
This investigation is being continued with other organic acid i specially 
the substituted acids 

St Louis Mo 


SOME NATURAL INDICATORS- 

Bv H W Brubaker 
Received June *>5 1914 

Cohn, in his ‘ Indicators and Test Papers,” states that the coloring 
matter from roses (Rosa, Oalltca) gives a deep red with green fluorescence 
m alkalies and light red in acids I found that the coloring matter from 
Rosa rugosa gives a green color in alkalies, red in acids and coloress be 
tween these two The coloring matter was extracted by triturating the 
petals m a mortar with some sea sand and 95% alcohol This was then 
filtered and the filtrate evaporated to dryness somewhat above room tem- 

1 Duparc and Pearce Z hryst Mtn 27,611 
*Finck Ann 122,186(1862) 
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perature. Upon taking the red coloring matter up in water, most of the 
fatty substances were left undissolved. This water extract was of a very 
bright red color. To preserve the solution, enough alcohol was added 
to make a 50% alcoholic solution. The addition of the alcohol partly 
decolorized the solution. This solution, when used as an indicator, was 
changed to green by o. 1 V NaOH and, upon titrating with 0.1 N HC 1 , 
went through a blue green to colorless and then to pink in the acid solu*- 
tion. The neutral point was coincident with the colorless point which 
was changed to cither, green or pink by 1 drop of 0.1 N NaOH or, 0.1 N 
HC 1 , respectively. The fact that the neutral point is colorless is proba¬ 
bly due to the mutual destruction of the coming pink by the going green 
or vice vena. 

Upon titrating a 0.2 g. sample of sodium bicarbonate with o. 1 N hydro¬ 
chloric acid, using methyl orange as the indicator, there were required 
24.8 cc. of the acid. Upon repeating the titration, using the rose extract 
as indicator, the correct end point was not recorded unless the solution 
was boiled to drive off the carbon dioxide, in which case exactly the same 
amount (24 8 cc.) of the acid was required to give the colorless point. 
This indicator, therefore, behaves like phenolphthalein toward carbon 
dioxide. It is a weak acid substance. Rose test paper, made by dipping 
filter paper into the solution and drying, changed from green in alkalies 
to red in acids. It was found to be sensitive to 1 part of NaOH in 25,000 
parts of water. The extracted coloring matter from several other species 
of roses behaved, in general, like the one described above. 

The coloring matter from the Perennial Pea (Lathyrus Latifolius L) 
behaved in a manner similar to that from the rose, giving a green color 
in alkalies red in acids and colorless at the neutral point. This substance, 
when extracted from the blossoms with 95% alcohol, gave a nearly color¬ 
less solution, which acquired a slight pink color on standing and which 
developed color very sharply in either acids or alkalies. 

The coloring matter from the Iris (Blue flag), extracted as described 
above with alcohol and evaporated to dryness, gave a purple substance 
which was taken up in water to separate it from fatty substances. This 
coloring matter changed to green in alkalies and red in acids and, like the 
rose color, gave a colorless solution at the neutral point. The alcoholic 
extract obtained from the purple Vetch gave the same color changes. 
The principal coloring substance of each of the above flowers seems to be 
the Same, or very closely related chemically, as it behaves, in general, 
the same in all cases toward acids and alkalies. It is probably the same 
substance as found in the hollyhocks and dahlia, which is described by 
Cohn. If the original alcoholic extract of certain varieties of roses is 
evaporated on a water bath, glueosides present decompose, giving rise 
to a large amount of caramel which obscures the natural red coloring 
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matter The petals of most flowers, especially the blue, red, pink, purple, 
etc , ones change color when placed m alkaline solutions and back to the 
original color or to some shade of red when placed in acids 
The following table gives a list of some changes noted 


1 tower 

iu NH4OH 

In HU 

Crimson geranium 

dark purple 

bright reel 

Orange red geranium 

bright purple 

01 ingt led 

Martha Washington geranium 

blue to giceiusli blue 

red 

White geranium 

yellow 

white 

Moek orange (white) 

\ellow 

white 

White pansy 

canary yellow 

white 

Purple pansy 

griqpish blue 

red 

Dark rtd pansy 

d 11 k blue jran (ilmost bl itk) 

red 

Yellow pansy 

no tffett 

no cOtit 

Yellow and brownish 1 f 

tlit \tllow umh luged 

mu h mged 

rtd eolors mixed ! 

the brownish n d 1 h 1111 1 d 

1 h mi ed 

pansy j | 

to d irk olive gru n 

to 1 lood red 

Dandelion (yellow) 

no efitet 

no t th < t 

Phlox 

olive green 

ud 

Begonia 

(1 irk blue 

ted 

Nasturtium 

through olive grten to brown 

oi ing r i rt d 

Petunia 

gictmsh blue to gum 

pin pit rtd 

Rtd rose 

greenish bhu to green 

ud 

White rose 

vtllow 

wlutt 

Cut leaf mallow 

blue 

ltd 

Rtd poppy 

purj k 

ml 

field larkspur 

grten 

rtd 

\ t nh 

gietn 

red 

„ . . [ white 

Bind wttd < , 

{ pink 

yellow 

green 

white 

pink 

[ pink 

1 iv t ndcr 

pink 

„ A . crimson 

Portulaca < t . 

blood red 

purple 

duk brown (ilnmst bhtl ) 

1 rinison 

blood ltd 

1 yellow 

no efitet 

no efitet 

Bachelor button (purple) 

bine 

ud 

, A1 f white 

Clover 

( red 

> ellow 
green 

white 

ud 

It is noticeable that the yellows arc not affeeted by acids or alkalies 


The whites are changed t > yellow by alkalies and back to while again m 
acids 

The reds and purples arc changed to some shade of green or greenish 
blue by alkalies and usually back to the original color or a brighter red 
color by acids These natural coloring substances seem to be 'quite 
generally acid in character, in some cases neutral 

When it is observed that a certain flower or speejes of flower presents 
several different eolors or shades of color, the question naturally arises, 
does each of these colors represent a different chemical compound'* 
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Judging from the above observations, it seems likely that nature makdfe 
Use of comparatively few basal coloring substances with which to produce 
many different colors by means of slight chemical changes. These sub¬ 
stances are generally acid, sometimes neutral in character, and generally 
change color in acids and alkalies, alternately, acting as indicators. It 
is noticeable also that many of them are very sensitive to the action of 
light and air. The faintly colored alcoholic solutions of the Rose or the 
Perennial Pea, when evaporated to dryness, leave the bright red colored 
substance. The pink blossoms of the Perennial Pea, when picked and 
allowed to wilt, change to a violet color. The whole subject of natural 
coloring matters deserves a careful study from the chemical standpoint. 

Manhattan. Kansas. 


THE PERIODIDES OF ACID AMIDES AND THEIR ADDITION 
PRODUCTS WITH METALLIC SALTS. SUBSTANCES OF 
EXCEPTIONALLY HIGH MOLECULAR WEIGHT. 

By F. J. Moore and Ruth M. Thomas 
R ereived July 15, 1914. 

It is well known that many organic bases form periodides usually con¬ 
taining more or less hydriodic acid, and that the.se substances, in their 
turn, form double compounds with metallic salts. The literature of such 
substances is extensive and widely scattered, and no complete review of 
it will be attempted here. It will be sufficient to call attention to the work 
of Geuther 1 who reviewed most of the work of others done up to this 
time; and that of Francois , 2 who devoted his attention chiefly to the 
periodides of the alkaloids. Tittle seems to have been done in the direc¬ 
tion of preparing periodides of substances of the amide type, though 
Hoogewerff and van Dorp 3 studied the action of alkali and bromine 
upon the amide of benzene-w-disulfonic acid and observed the forma¬ 
tion of a perbromide, 2C6H 4 (SOjNBr 2 )2 + KBr + HBr. Hofmann 4 
noticed that acetamide formed a compound, 

CH 8 CONBr 2 + NaBr + H, 0 . 

Titherley 6 observed the formation of double salts of acetamide such as 
aCHiCONHj, NaBr and 2 CH 8 .CONH 2 , Nal; and Andr£ e fused acetamide 
with various metallic salts and obtained different products, such as 
2CH 8 CONH 2 .CoC1 2 .HjO ; 

and Wheeler 7 also prepared some colored perhalides of acid anilides of 

\Ann ., 240, 66 <1887). 

* J . pkarm . et chim. K {6j 30, 193 (1909). 

* Rec. trav . chm. t 8, 173 (1889). 

4 Bet., 15, 415 (1883).* 

* J . Chen * Soc 79* 413 (1901). 

* Jahresb . Chem ., 1886 , p. 1303; Compt. tend ., 102, 115 (1886). 

7 Am. Chm . 18, 85 (1896); 19,67a (1897). 
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the general type An.HI.I3 and An 2 .HI.I 4 . Periodides of succinimide and 
its phenyl derivatives have also been prepared by Piutti. 1 These com*- 
pounds had the general formula S 4 KI 3I and S2 KI 2I. Finally there re¬ 
main to be mentioned some derivatives of benzannde prepared by Cur- 
tius, 2 which will be discussed further on. 

With the exception of the compounds mentioned by Curtius, Piutti, 
and Wheeler, substances of the properties described in the present paper 
seem not to have been prepared, which is rather remarkable in view of 
the ease with which they are formed and their rather striking physical 
properties Their preparation in this laboratory was in a certain sense 
accidental In the course of an investigation upon the behavior of benz- 
bromoamide, which has been going on here for several years, it seemed 
desirable for purposes of comparison to prepare benziodoamide The 
method chosen was analogous to that hitherto in use for the preparation 
of the bromine compound 3 

Iodine was dissolved in cold alkali and benzamide was dissohed in 
the freshlv prepared solution ^ On acidification with dilute acetic acid, 
there was precipitated, not the colorless iodoamide which had been ex¬ 
pected, but a dark green compound which preceded the precipitation of 
free iodine. It was found on experimentation that this substance could 
be best purified bv solution in ether and subsequent dilution of this solu¬ 
tion with benzene In this wav the material was obtained in long, green, 
hairhke needles of coppery luster Later on, it was found that the use 
of alkali m the preparation was not necessary, and that, inasmuch as the 
product consisted only of benzamide, alkali iodide, and free iodine, the 
compounds could be readily prepared by heating together these ingre¬ 
dients m water. 

Substances of this type were prepared in considerable number and 
showed many properties in common. They were for the most part im¬ 
mediately decolorized when shaken with metals such as silver or mercury, 
or upon the addition of alkali or sodium thiosulfate. The products formed 
were the amide and metallic salts 

The simplest compounds were obtained either a$ addition products 
of amide, sodium or potassium iodide, and iodine, or else of amide, hydri* 
odic acid and iodine, and the analysis showed that a few simple types, 
such as (C b H 6 C()NH 2 ) 2 HI I 2 , (C 6 H 5 CONH 2 ) ( ,NaI.I 2 ,and(CaH 6 CONH2)3KI.Ii 
were formed. 

Solutions of the above compounds were treated with solutions of inor¬ 
ganic salts of other metals, in the expectation that the less soluble de¬ 
rivatives of the latter might be precipitated by metathesis. This was 

1 Gazz chtm vial, 25, II, 524 (1895) 

* Ber , 23, 3040 (1890) 

* Moore and Cederholm, This Journal, 28, 1190 (1906) 
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Hot the case, but analogous compounds, of barium and copper, for example, 
could be formed by wanning the corresponding iodide with benzamide 
and iodine in water. 

Substances of still a different type were formed when iodides of lead 
or mercury were warmed with benzamide, iodine, and potassium iodide. 
In these cases a product crystallized out which exactly resembled in ap¬ 
pearance the simple potassium compound, but which also contained the 
heavy metal. This could not be removed by recrystallization, and anal¬ 
ysis leaves little reason to doubt that the substances concerned are really 
"double’* or “complex’* salts, of the composition 

((C 6 H fi CONH 2 ) s KI.I 2 ) 6 PbT 2 

and 

((CJIiCONH*)iKI.I,)«HgI J . 

From similar indications, it was at first thought that analogous com¬ 
pounds, in which hydriodic acid replaced the potassium iodide, might be 
capable of existence. Since these products, however, on further purifica¬ 
tion showed a constant decrease in afmount of heavy metal present, 
it is evident that such compounds, if they exist, are hardly stable enough 
for analysis. 

The striking thing about the compounds mentioned is their high molecu¬ 
lar weight. It will be seen that, for the lead compound, this reaches the 
value 5160, while the mercuric salt has a molecular weight of not less than 
5152. In a series of synthetic experiments on the tannin group Emil 
Fischer 1 has recently prepared a complex derivative of maltose, which 
has a molecular weight of 4021, and which he describes as the compound 
having the highest molecular weight of any hitherto prepared by organic 
synthesis. The compounds here described are not, of course, “products 
of synthesis’* in the same sense as those described by Fischer, all of which 
have been built up step by step, and to which there can be assigned definite 
constitutional formulae. They are, on the other hand, loose addition 
products of*the “complex** variety, and are more or less dissociated in 
solution. Most of them, indeed, lose iodine in solution or in vacuum, 
and some frequently lose hydriodic acid; and it is doubtless a fact that 
their various components are held together by subordinate valences, 
in a sense analogous to the compounds which have been so extensively 
studied by Werner^ Nevertheless, it is interesting that chemical com¬ 
plexes of such magnitude of any kind should be capable of isolation and 
stable enough to be recrystallized and analyzed. 

The reactions above indicated yield analogous products with some 
other amides, both simple and substituted, but in the case of the simple 
amides the reaction does not seem to lx? as general as was at first supposed. 

1 Ber., 46, 3288 (1913)* 
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Most of the anilides prepared, however, show the reaction well. The capa¬ 
city of forming these compounds seems to be exceptionally highly de¬ 
veloped in the case of benzamide, and it is here that it has received most 
study. Many tests, however, have been made with a variety of com¬ 
pounds, but it has not proved practicable up to the present time to lay 
down any rule which might connect the capacity for the formation of 
these periodides with the constitution of the amide employed. It is possi 
hie that some such regularity may be developed later. 

Analysis .—When these compounds were to be analyzed the substances 
determined were usually total iodine, active iodine, and the metal, when 
present. Total iodine was almost universally determined by the Carius 
method, except when the presence of some othe r component suggested a 
difficulty. Active iodine was usually determined by adding water and 
l>enzene to the sample and then titrating with sodium thiosulfate until 
the pink color of iodine disappeared from the benzene layer. Here it 
was found that the addition of potassium iodide in considerable excess 
at the outset made it possible to titrate more rapidly, but did not change the 
numerical result, except in one or two cases, which are not even yet clearly 
understood. They will be mentioned in the experimental paiL. Metals 
were usually determined by the methods customary in such cases. When 
the methods of determination call for special consideration, they will be 
discussed under the individual compounds. 

Experimental Part 

Periodides of Benzamide. 

Benzamide, Sodium Iodide, and Iodine. --As indicated above, this sub¬ 
stance was first prepared by dissolving iodine in sodium hydroxide, adding 
finely ground benzamide and acidifying with acetic acid in ice cold solu¬ 
tion. It was soon found, however, that warming was advantageous, 
as it brought more iodine and benzamide into solution, and no decomposi¬ 
tion was to be feared. A typical preparation is the following: 1.5 g. of 
benzamide were warmed with 10 cc. of 10% sodium, hydroxide solution 
and 3 g. of iodine. On precipitation with dilute acetic acid 2 6 g. of 
crude product separated, This was purified by solution in ether and 
careful dilution with benzene, whereupon the product crystallized in long 
coppery green hairs. Yield, 2.15 g. The second crystallization yielded 
1 .30 g. of good product. The product was dried over sulfuric acid and 
had no odor of iodine when analyzed. 

Calc, for (C«H*CONH 4 )*NaI.I 2 : Na « 3.00%; active I * 33.11; total I* = 4967. 
Found: 2 92. 3.05, 2.75. 312; 32.25, 3* 85, 33-73; and 48.91, 48 - 77 - 

There seems to be little doubt but that this substance was once in the 
hands of Curtius. He prepared it by suspending the sodium salt of 
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benzamide in chloroform and adding iodine. He apparently overlooked 
the sodium content, and he arbitrarily assigned the formula 

C*H 6 CO.NH 2 .I 

i 

c,h 6 co.nh 8 .i 

to the product, stating that he was unable to get concordant results on 
analysis. In order to test this assumption we prepared the same com¬ 
pound by treating sodium benzamide with iodine in ether. The product 
had the same appearance as the substance previously obtained and a 
sodium determination gave 2.44% sodium. Curtius had already ob¬ 
served that the product lost iodine when it was shaken with metallic mer¬ 
cury. We verified this fact, and found that molecular silver produced 
the same result. It was also decolorized by the action of aniline. When 
treated with trimethvlphenylammonium iodide, the periodide, 

(CHa)3C fl Hr,NI.I 2 

was formed and benzamide could be isolated. All these reactions show T 
an easy removal of the iodine from the rest of the molecule, indicating that 
it is held simply as in a loose addition product. It will be seen later that 
these periodides show varying degrees of stability in this respect. Sodium 
thiosulfate also removes the iodine rapidly, and this reaction was made 
use of in the determination of active iodine in these compounds. 

Benzamide , Potassium Iodide and Iodine of the product was 
obtained by a method analogous to that first described for the sodium 
compound, but later it was observed that it was necessary only to warm 
the three substances together in water until they became entirely liquid. 
In one preparation 3 g. of benzamide were warmed with 1 g. of potas¬ 
sium iodide and 2 4 g. of iodine in 25 cc. water. On cooling, a pulpy • 
mass of greenish crystals filled the liquid. These were collected on a 
filter, dried, washed with carbon tetrachloride to remove any excess of 
iodine, and finally purified by solution in ether and crystallization by the 
careful addition of benzene. The product consisted of fine green hairs, 
which melted at i28°-i3o°. 

Calc, for (CtHiCONHahKI.I** K » 4.98, active I = 32 44; total I » 48.66. 
Found* 5.57. 5-6 i , 550, 30.01, 2990, 30.74, 3<>-8o; and 49 97. 49-60- 

These results speak for a slight loss of active iodine during drying. 
No other rationaf formula corresponded quite so well with the results 
of the analysis. 

It was found that the formation of the periodides was not limited to 
aqueous solvents. Thus 2 g. of benzamide, 1 3 g. of potassium iodide, 
and 3.1 g. of iodine, when warmed together in 10 cc. nitrobenzene, yielded 
3.9 g. of an addition product which was apparently identical with that 
described. 
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Benzamide, Potassium Bromide and Bromine —Two grams of bromine 
were added to a mixture of i g of potassium bromide, 4 g of ben/amide, 
and 15 cc of water The solid benzamide was instantly coated with a 
reddish substance When warmed on the steam bath the solid dissolved 
Rapid cooling resulted in the separation of beautiful green crystals which 
filled the tube When dried these crystals were brick red with a purple 
luster, but m the air they lost bromine too rapidly to permit of analysis 
Benzamide , Potassium Bromide and Iodine —These substances, when 
heated together, gave a product which formed gray greenish hairs like 
the iodide derivative, with some unchanged benzamide Carbon tetra 
chloride removed scarcely any iodine The compound was not analyzed, 
but was evidently a double compound of the type suggested 

Pibenmmide, Potassium Iodide and Iodine —These substances reacted 
smoothly when warmed with water on the steam bath The product 
was a green solid which appeared to be like the benzamide compound 
It was probably the potassium compound analogous to the one described 
by Curtius (L oc cit) and which probably contained sodium, although he 
overlooked that fact in his analysis, as already suggested The, substance 
was not analyzed 

Tribenzamide could not be made to react with iodine, either m the 
presence of potassium iodide or hydnodic acid 
Benzamide , Hydnodic Acid and Iodine —Five grams of benzamide 
were treated with 10 cc of aqueous hydnodic acid (sp gr 1 90), which 
was already black with iodine 5 cc of water and 1 g of iodine were 
also added On warming, a black oil was formed which solidified when 
the solution cooled Washing with carbon tetrachloride removed some 
iodine, but left a crystalline product, which was dissolved in ether, and 
precipitated by carbon tetrachlonde m tiny flakes, showing a green- 
black iridescence Yield of purified product, 8 5 g 

Calc for (CaHsCONHahHl lj Active 1 ■■ 40 70, total I * 61 05 Found 
37 92, 38 88, 38 93, and 61 45 61 32 

It is interesting to note that the color of this compound differs from 
that of the corresponding sodium and potassium compounds, and also 
that this substance contains two benzamides instead of three, as m pre¬ 
vious cases 

Benzamide , Banum Iodide and Iodine —The best proportions were 1 
molecule of benzamide, 6 molecules of barium iodide and 4 atoms 
of iodine These were warmed together in the presence of water The 
solid product when treated with ether formed a black oil, and this, when 
treated with benzene, yielded a precipitate consisting of chocolate brown 
flakes and needles which were steely blue by reflected light The sub 
stance belongs to the less stable members of this class and dissociates 
somewhat in solution On crystallizing it, if too much free iodine is 
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present in the solution, the product comes out oily, and, on the other 
hand, the presence of too little iodine results in the separation of 
barium iodide. Crystallization from pure solvent causes loss of iodine, 
so that in this, as well as in several other cases, it is advisable to add 
iodine judiciously to the solvent. 

Barium was determined directly by smoking off with sulfuric acid 
and also, as a check, by precipitation from the filtrates from the silver 
iodide in the Carius determination of total iodine. 

Calc, for (CiHiCONHOiBalj.k: Ba « 8.43; active I ** 31.26; total I — 46.89. 
Found: 8.49, 8.33, 8.32; 31.20, 31.49; and 44-96* 44 80. 

It should be added that numerous other determinations of active iodine 
from different samples gave results as much as 2% lower than those 
here quoted. The tendency to dissociation above mentioned seems to 
account for this. 

Benzafnide , Cuprous Iodide and Iodine .—1.5 g. of slightly moist 
cuprous iodide, 1.5 g. of benzamide, and 3 g. of iodine were warmed 
with water on a steam bath. The iodine melted to a lower layer, and 
most of tfye solid dissolved. The aqueous layer was filtered hot. In 
the filtrate coppery needles were formed, while upon the surface of the 
liquid there appeared a fine film of cuprous iodide. This could be re* 
moved mechanically. The copper-colored needles were collected by filtra¬ 
tion. They were sometimes mixed with benzamide, from which they could 
be separated mechanically. They melted at about 90 0 to a black liquid. 
This substance lost weight very rapidly when an attempt was made to 
dry over phosphorus pentoxide, and over alkali the loss was also rapid, 
so that a sample which had stood six weeks contained only 4.5% active 
iodine. The material used for analysis was therefore dried rapidly in 
the air. Numerous determinations were made, and particular pains 
taken with the analysis, but the results were not very satisfactory. Diffi¬ 
culty was experienced in the determination of active iodine, in that the end 
point of the titration was changed by the addition of potassium iodide. 
No f thoroughly adequate explanation has been found for this. Copper 
was determined first by smoking off directly with nitric acid and weigh¬ 
ing as oxide; second, according to Bray, 1 by conversion to sulfate, and 
titration against sodium thiosulfate after addition of potassium iodide; 
and third, by J&rgensen’s 2 method, of treatment with sulfurous acid and 
weighing as cuproua iodide. The iodine in the filtrate from the cuprous 
iodide was precipitated with silver nitrate. 

On account of the beautiful appearance of this compound numerous 
analyses were made. As stated above, the results were not entirely satis¬ 
factory, those quoted'being some of the best. 

1 This Journal, 33, 1208 (19to). 

* J. prakt. Ckem fa] a, 353 (1870). 
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Calc for (C«H«CONHs)sCuI I« Cu » 331, Cu*I* «* 932, active I ■* 3966, 
total I - 46 26 Found 3 27 3 13 3 16, 3 81, 3 47, 3 43, 10 28, 9 75, 10 28, 37 99, 
36 18, 36 80, 37 10, and 45 4*, 46 01. 47 55 47 30 

It may be stated, m general, that the determinations for active iodine 
which differed most widely varied between 35 66 and 40 06 
Benzamide, Cobalt Iodide and Todtne —Two grams ot cobalt iodide were 
warmed with 1 6 g of benzamide, 2 6 g of iodine and 10 cc of water 
on the steam bath On cooling, 1 gieen precipitate settled out, which 
could be purified b) dissolving in ether and precipitating with carbon 
tetrachloride It was not analyzed 
Nickel iodide also yields a similar product Attempts to prepare cor¬ 
responding compounds, using silver iodide, lead iodide, mercuric and 
mercurous iodide, all resulted without success 

Benzamide , Potassium Iodide , Mercuric Iodide and Iodine Ten grams 
•each of benzamide and iodine were warmed with 100 cc of 10% potassium 
iodide solution, to which mercuric chloride had been added until mercuric 
iodide began to precipitate The resulting crude product weighed 23 g. 
The filtrate contained little free iodine The precipitate was dissolved 
in j 50 cc of ether containing 5 g of iodine A dirty gray residue of benz¬ 
amide was removed which weighed about 2 g The filtrate was then 
treated with 250 cc of benzene and later, as precipitation took place 
slowly, with 100 cc more The solution at this point was purple and very 
full of crystals The solution was filtered by suction and the crystals 
were washed with benzene Four crops in all were obtained, of which 
about 9 g made up the first, which was very pure Repeated crystalliza¬ 
tion of the entire product made httle or no difference in the mercury con¬ 
tent A sample for analysis was dried over caustic alkali, and melted in 
the air at about 50 0 Mercury was determined as sulfide, following the 
method described m Treadwell’s ‘Analytical Chemistry” 1 

Calc for (1) ((C«H.CONH*),KI I*) 7 HgI a> (2) ((C.H,CONH,),KI I 2 )«HgI, (1) 
K * 4 62, Hg * 3 37, active I - 29 of* tota 1 1 » 49 20, (2) K » 4 56, Hg = 3 88, 
acUve I * 2957, total I =4930 fround 449, 448, 3 14 3 30 3 56, 3036, 3042, 
and 48 52, 48 42 

The analysis hardly gives sufficient data to decide between the two 
formulas quoted 

Benzamide , Potassium Iodide, Lead Iodide and Iodine —One and fhe 
tenths grams of lead iodide and 5 g of potassium iodide mixed in is cc, 
water gave a fine pale yellow precipitate of a double compound To 
this were added 10 g each of benzamide and iodine The product melted 
entirely on the steam bath and solidified on cooling It was dried as 
thoroughly as possible, the process being difficult on account of the lump 
mg of the material The product was dissolved in ether containing con¬ 
siderable iodine and crystallized on addition of benzene m gray-green 
1 (Hall) 3rd Ed. Vol II, 169 
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hairs. The first crop of 6 g. gave a strong test for lead; the later crops, 
not so strong. When the first crops were recrystallized, however, a per¬ 
ceptible decrease in lead content was not noted. In analyzing the product, 
lead and potassium were changed together to sulfate by smoking off 
with sulfuric add and subsequent ignition. The precipitate was then 
digested thoroughly with dilute sulfuric acid (i : 20), cooled completely, 
filtered and washed with 1 : 20 add, followed by 1 : 1 alcohol, the pre- 
dpitate being weighed as lead sulfate. The solution was evaporated and 
the residue ignited and wdghed as potassium sulfate. The iodine here 
was not determined by the Carius method as it was feared that the silver 
iodide formed might be contaminated with lead iodide, and instead the 
sample was digested with sodium carbonate solution, filtered, and washed. 
The filtrate was treated with sulfurous add to reduce any iodate to iodide, 
and finally predpitated with silver nitrate. 

Calc, for ( (C«HftCONHa),KI.Ia)ePbI* • K « 4.55; Pb - 4.01, active I * 2954; 
total I ~ 49.22. Found: 4.30; 3.96; 30.14; and 49.26 

The above results were obtained from one recrystallized sample, repre¬ 
senting the purest product available. 

Benzamide , Mercuric Iodide , Hydriodic Acid and Iodine. —An attempt 
was made to prepare a compound which combined all the above four 
components, and as a matter of fact crystals were obtained. These, how¬ 
ever, did not prove sufficiently stable to permit of analysis, and in the 
course of crystallization the mercury content steadily decreased. 

Experiments with Other Amides and with Anilides. 
p-Toluamide, Potassium Iodide and Iodine. —Five-tenths gram of p- tolu- 
amide (2 mols), o 3 g. of potassium iodide (1 mol), and 0.5 g. of iodine 
(2 at.) were rubbed together with 2 cc. of water. They formed a thick 
pulp in a few minutes. The yield was 1 2 g. The color was not removed 
by carbon tetrachloride. The product was purified by adding carbon 
tetrachloride to the ethereal solution, and it too formed coppery green 
hairs. The analytical results on the different samples were not concordant 
and it is probable that the small quantity prepared did not permit of 
adequate purification. The substance contained about 5% of potassium. 
/>-Toluamide, when warmed with hydriodic acid and iodine, gave a fine 
grayish black crystalline precipitate, which was practically insoluble in 
boiling carbon tetrachloride. This has not yet been analyzed. 0-Tolu- 
amide gave no addition product with potassium iodide and iodine. .With 
hydriodic acid and iodine it gave a black tar which would not crystallize. 

p-Bromobenzamide gave a greenish precipitate with potassium iodide 
and iodine. m-Bropobenzamide, on the other hand, did not react. 

The three nitrobenzamides were next tested, and in this case the m- 
and ^-compounds gave crystalline products, but the 0-compound did not. 
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Experiments were then made with several other amides, including some 
belonging to the aliphatic series. No addition products were obtained 
with acetamide, salicylamide, oxamide, or succcinamide. Succinimide, 
on the other hand, gave, with potassium iodide and iodine, the addition 
product (C 4 H50,N)4.KI.l3. This substance had already been prepared 
and described by Piutti {hoc. cit ). Phthalimide also gave an addition 
product with potassium iodide and iodine which has not yet been analyzed. 
Benzene sulfonamide gave a fine greenish brown precipitate. Experi¬ 
ments with urea, thiourea and benzoylphenylurea all gave negative re¬ 
sults. 

Anilides .—Attention was next turned to the anilides, and here it was 
found that the reaction was fairly general, although substances which gave 
addition products with potassium iodide and iodine frequently did not 
do so with hydriodic acid, whereas in certain other cases this relationship 
was reversed. Among the compounds tested are acetanilide, benzanilide, 
phenylacetanilide, diphenylbenzanilide, aceto-c-toluidide, aceto-£-toluidide, 
benz-o-toluidide, and methylacetanilide. In the case of a few of the 
products formed, analyses have already been made, but it seems best to 
postpone the discussion of these addition products until some more work 
has been done. They will, accordingly, be reserved for some subsequent 
paper. 

Summary. 

1. Benzamide and some other amides form complex periodides contain¬ 
ing iodine and hydriodic acid, or else some metallic iodide. The general 
composition of most of these compounds is Am3.MeI.I2 and Am2.HI.I2, 
though other combinations are observed. 

2. Similar reactions seem to be very general in case of substituted anil¬ 
ides. 

3. The compounds described in (1) can exist in combination with iodides 
of heavy metals, like lead and mercury, forming complex molecular ag¬ 
gregates of exceptionally high molecular weight. 

Mass Inst. Technology, Boston, Mass 
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XXXI. The Metabolism of the Typhoid-Dysentery-Alcaligenes Group 

in Milk. 

One of the great problems in modern civilization is that of safeguarding 
that great river of milk which flows daily into practically every city and 
town. This problem in the last analysis is a bacterial problem, for those 
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changes which render milk unfit for food are induced in it by the growth 
of microdrganisms. Time, temperature, and the kinds of bacteria which 
find their way into milk largely determine the changes which it undergoes 
before it is finally consumed or ultimately unfitted for food. When milk 
is abnormal to sight and taste, it is no longer salable, but unfortunately 
these somewhat crude indicators are of little service in detecting the pres¬ 
ence of microorganisms which may be more dangerous to health or even 
life than those which produce the more marked decompositions. 

Except in a qualitative way, little is definitely known of the nature or 
even extent of bacterial action on milk. Souring (coagulation), peptoniza¬ 
tion, ropiness, and slimy milk are well-known chemical changes which may 
be regarded as decompositions readily recognizable by the layman as well 
as by the specialist; but the absence of such obvious changes in physical 
appearance cannot, in any sense, be a criterion for judging of the fitness 
of milk or of the products made from it for human consumption. That 
is to say, the esthetic appearance is not necessarily synonymous with safety 
—indeed, it may be absolutely the reverse. It should be remembered that 
milk is much more complex in composition than the ordinary media gen¬ 
erally used for bacterial cultivation. This complex fluid, which is a well 
balanced food for man, contains fats, protein, carbohydrates and salts, 
the latter probably partly free and partly combined with the protein, 
all dissolved or suspended in water. With such a variety of constituents 
to act upon, the decompositions which it undergoes will vary greatly, 
with the type of organism or organisms which gain access to it and the con¬ 
ditions under which the milk is kept. 

Certain types of decomposition might be confidently predicted. Those 
organisms which attack lactose vigorously would produce greater or lesser 
amounts of acid by the fermentation of this sugar, with but little coinci¬ 
dent action upon the protein, for previous experiments have shown that 
fermentation takes precedence over putrefaction. 1 With respect to the 
protein sparing action of fats but little can be stated definitely at the pres¬ 
ent time. Fats, however, would appear to have but little influence upon 
the protein sparing action of utilizable carbohydrate, for experiments 
would suggest that fats are less readily utilizable by the ordinary lactose- 
fermenting bacteria than are carbohydrates. 

Any milk which is available for cultural purposes has undergone a cer¬ 
tain amount of decomposition, for bacteria in greater or less numbers 
are always found in it; indeed, there is strong evidence that even milk 
drawn from the cow with sterile precautions practically always contains 
some bacteria. 2 The effect of this early bacterial development upon the 

1 Kendall, /. Med Research , 2$, 155 (191 0 

* Hording and Wilson, Tech Bull . 37, N Y Agr Exp Station, Mar, 1913. For 
r£sum6 of literature 
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composition of the milk prior to sterilization for cultural purposes cannot 
be predicted The situation is further complicated by the effect of sym¬ 
biotic growth of bacteria, lor it has been shown, for example , 1 that B colt 
and B meserUertcus , growing symbiotically m milk, produce changes as 
the result of their mutual development which art greater in intensity and 
different m kind than the sum of their separate activities Nevertheless, 
the best obtainable grades of market milk do not as a rule, show demon¬ 
strable deviations in composition from freshly drawn milk The observa¬ 
tions recorded below were made for the purpose of determining the nature 
and extent of the changes brought about by the growth of vanous impor¬ 
tant types of bactena m sterile certified milk These determinations in¬ 
clude the changes in reaction, as shown by alizarin, neutral red, and phenol- 
phthalein, which indicate somewhat roughly the differential accumula¬ 
tion of alkaline or acid products, and the action on protein as represented 
by the accumulation of ammonia, ammonia being the only available in 
dex of protein breakdown applicable to this problem The exact analytical 
details have been published elsewhere 2 The cultures have been incu¬ 
bated uniformly at body temperatures Growth is more rapid under these 
conditions with the organisms used, and the accumulation o* metabolic 
products should be proportionately greater for this reason, particularly 
during the early days of incubation These conditions are not met with 
in the practical handling of milk but are resorted to here m order to ex¬ 
aggerate the changes which probably would take place at a lower tem 
perature with the same organisms in the same time Furthermore, it is 
obvious that pure cultures of bacteria would never be met with m prac¬ 
tice, although the net results of associated activity of bacteria in milk 
are in the last analysis the ones which are of practical importance An 
initial investigation, in which the activity of each particular type of organ¬ 
ism, per se , is studied, should serve as a fundamental introduction to the 
much more complex subject of bacteral antagonism and symbiosis as it 
presents itself in the milk problem 

Certain analytical difficulties might be anticipated, particularly in the 
case of those organisms which cause coagulation, peptonization, or other 
rather marked physical changes in milk, because of the difficulty m ob¬ 
taining uniform samples fo* analysis While these difficulties have been 
realized to a certain degree, the determinations which have been made 
in duplicate have not shown noticeable variations, except m those instances 
where analyses of the residual milk fats were attempted The difficulties 
of obtaining uniform samples for these determinations havt been found 
to be so great that observations along this line ha\e been temporarily 
discontinued They will be resumed at a later date, using the modifica- 

1 Kendall, Boston Med and burg J , 163, 322 (1910) 

* Kendall and Farmer J Biol them 12, 13 (191a) 
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tions of the methods stated above, namely, by introducing the appro- 
priate amounts of milk containing cream into Babcock bottles, sterilizing, 
inoculating, and making the determinations on the entire sample removed 
at the appropriate time. The results are given in Table I. 
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B. alcahgenes , an organism which ferments no sugars, produces a slightly 
alkaline reaction in milk, coincident with a slight increase in the ammonia 
content, amounting to rather less than i% of the total nitrogen. These 
results are in harmony with what is known qualitatively of the changes 
produced in milk by this organism, and the intensity of the reactions cor¬ 
responds closely with that obtained under similar conditions in broth 
cultures 1 

The Flexner and Shiga types of the dysentery bacillus exhibit an initial 
acidity followed by a definite return to alkalinity, the degree of alkalinity 
being greaier than that of the inoculated milk. There is very little action 
upon the protein constituents of the milk. The explanation of this initial 
acidity followed by an alkaline reaction was first clearly demonstrated 
by Theobald Smith, who showed by presumptive evidence that market 
milk normally contains a substance which bacteria utilize like dextrose, 
the amount being about o r%. It will be remembered that the dysen¬ 
tery bacilli and B. typhosus 2 utilize dextrose in preference to protein for 
fuel purposes, consequently this initial acidity observed in milk cultures 
1 Kendall, Day and Walker, This Journal, 35, 1216 (1913) 

* Kendall, J Med Research, *5, 155 (1911) 
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is due to the fermentation of this dextrose-like substance which Theobald 
Smith has described. 1 The organisms do not ferment lactose, and the re¬ 
turn to alkalinity is doubtless due to the formation of basic products from 
protein which the dysentery bacilli are forced to utilize when this dex- 
trose-like substance is exhausted. It will be noticed that the typhoid 
'bacillus does not exhibit a return to the alkaline reaction. It produces, 
however, a certain amount of ammonia, indicative of protein breakdown, 
which appears to be somewhat greater in amount than that produced by 
the dysentery bacilli and comparable to the amount produced by B. 
alcaligenes. The extent of this protein breakdown, however, is very little, 
.amounting to but 6 3 mg. in 100 cc. of milk in three weeks. 

The question might be raised whether this dextrose-like substnaee 
which is fermented by the dysentery and typhoid bacilli is not in reality 
a mixture of dextrose and galactose formed by the hydrolytic cleavage 
of lactose during the process pf sterilization. A series of experiments con¬ 
ducted in this laboratory, which will be published later, have fully cor¬ 
roborated the observations of Theobald Smith, mentioned above, that 
such is not the case. The substance which reacts like dextrose is a normal 
constituent of milk. Further evidence of the correctness of the assump¬ 
tion that fermentation of this dextrose-like substance in milk is responsi¬ 
ble for the initial acid reaction produced by the dysentery and typhoid 
bacilli is furnished by the results obtained in milk to which 1% of dex¬ 
trose has been added. These organisms produce enough acid in this dex¬ 
trose milk to cause its coagulation. 

This explanation, furthermore, furnishes additional proof of the correct¬ 
ness of the assumption that the terminal alkaline reaction exhibited by 
the dysentery bacilli is due, in part at least, to the breakdown of protein 
•constituents of milk following the exhaustion of the dextrose. The addi¬ 
tion of 1% of dextrose protects this milk protein from attack and the re¬ 
action becomes in the latter case progressively acid. 

The persistance of an acid reaction in milk cultures of typhoid bacilli 
is not so readily explained. An explanation of this reaction on the basis 
of the fermentation of lactose is wholly out of the question, for the typhoid 
bacillus does not, under any conditions, utilize this sugar. It is conceiv¬ 
able that this organism in breaking down protein after the exhaustion of* 
the dextrose acts upon casein in such a manner as to liberate phosphoric 
acid, perhaps in the form of acid phosphates. Another possible explana¬ 
tion is the formation of slight amounts of fatty acids from certain constit¬ 
uents of the milk fat. 

Conclusions. 

1. B. dealt genes, the Flexner and Shiga types of the dysentery bacillus, 
and B. typhosus produce no marked alterations in the appearance of milk , 

1 Smith, Theobald, J Boston Soc Med. Sci., a, 336 (1898) 
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nor any noteworthy changes in the composition of milk as indicated by 
the gross appearance, the changes in reaction, and ammonia production. 

2. The presence even of large numbers of these organisms in market 
milk could not be detected by chemical methods available at the present 
time during the period when this milk would be salable. 

3. The production of an initial acidity followed by an alkaline reac¬ 
tion, which is a well-known cultural characteristic of the dysentery bacilli, 
is explainable on the basis of the chemical changes which these organisms 
produce in this medium. 

4. The explanation of the permanent acidity exhibited by cultures of 
typhoid bacilli in milk is not definitely determined. 

XXXII. The Metabolism of the Intermediate or Paratyphoid Group in 

Milk. 

The cultural reactions in milk of bacteria belonging to the intermediate 
or paratyphoid group are, generally speaking, qualitatively like those 
of dysentery and typhoid bacilli; namely, in the case of B. paratyphosus 
alpha a permanent acid reaction, while other members of this group ex¬ 
hibit an initial acidity followed by a return to alkalinity, resembling the 
members of the dysentery group in this respect. These observations ap¬ 
ply only to the earlier days of growth, however, for it is a matter of common 
observation that older milk cultures of the paratyphoid group change 
somewhat in appearance. Cultures of B. paratyphosus alpha tend to be¬ 
come somewhat less acid than cultures of the typhoid bacillus, while cul¬ 
tures of B. paratyphosus beta and the remaining members of the group 
become almost opalescent as time goes on, due apparently to a gradual 
solution of the casein. 

The chemical changes which these organisms produce in milk, shown in 
Table II, resemble those of the dysentery bacilli in a striking manner, both 
qualitatively and quantitatively, except for the gradual thinning of the 
medium, mentioned above. This latter phenomenon does not appear 
to be associated with a noteworthy increase in the amount of ammonia 
formed or to an unusual degree of alkali production. B. paratyphosus 
alpha produces changes in milk which, measured in terms of changes in 
reaction and production of ammonia, are very similar to those exhibited 
by the typhoid bacillus, except that the degree of acidity reached appears 
to be raAer less. This acidity is permanent and is one of the most im¬ 
portant cultural chamcteristics of this organism. This permanent acidity 
is a noteworthy characteristic of milk cultures of both these organisms. 
Whether the explanation of this acidity is the same in both cases cannot be 
stated definitely. B. paratyphosus beta differs chemically from B. para - 
typhosus alpha in that* the period of initial acidity is followed by a pro¬ 
gressively alkaline reaction, the final degree of alkalinity being noticeably 
greater than that of the uninoculated control. The amount of ammonia 
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produced is practically the same as that formed by B. paratyphosus alpha 
in milk. By the end of the first week milk cultures of B. paratyphosus beta 
become slightly brown in color and distinctly thinner m consistency 
than normal milk, and after two or three weeks' incubation the milk be 
comes almost opalescent. 

B. tcteroides was at one time regarded as the etiological factor in yellon 
fever; it is now classified as a member of the hog cholera group. Cultural!} 
it resembles B. paratyphosus beta, and this cultural resemblance is als 
manifested chemically, the reactions of the two organisms being very sin? 
ilar. This same brownish decolorization and thinning of milk culture 
of B. paratyphosus beta is also a prominent feature of milk cultures C 
B. tcteroides. * 5 

The Morgan bacillus, which it will be remembered is rather frequent 1 ” 
met with in the dejecta of babies suffering from diarrhea, 1 is more protep 
lytic than the other members of the intermediate group. This is yin accoJ° 
with similar observations made in broth cultures. 2 W 

Conclusions. 

i. Milk containing B. paratyphosus alpha, B. paratyphosus beta, ^ 
tcteroides, or the Morgan bacillus, exhibits no noteworthy changes in che* ar 
1 Morgan, Brit Med J ., Apr. ai, 1906, p. 908; July 6, 1907, p 16, Kendall, I/? ’ 
and Bagg, Boston Med and Surg. J. p 169, 741 (1915). 

# Kendall, Day and Walker, This Journal, 35, xaai (1913)- 
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teal composition, particularly during the early days of incubation. The 
gradual decrease in opacity, which is a characteristic of old milk cultures of 
B. paratyphosus beta and B. icteroides will be of no practical value in de¬ 
tecting the presence of these organisms in market milk. 

2. The initial acidity exhibited by all the members of the paratyphosus 
group is similar in origin to that of the typhoid-dysentery group, due to 
the fermentation of the dextrose-like substance which appears to be a nor¬ 
mal constituent of fresh milk. 

3. B. paratyphosus alpha reacts like B. typhosus in milk, that is, it pro¬ 
duces a permanent acidity. The cause of this permanent acidity is not 
definitely known. 

4. The Morgan bacillus is more proteolytic than the other members 
of the intermediate group. 

XXXIII. The Metabolism of the Coli-Proteus-Cloacae Group in Milk. 

Among the organisms commonly found in milk are B. colt, B. proteus , 
and, perhaps to a lesser extent, B. cloacae. B . colt, furthermore, is an organ¬ 
ism found constantly in the intestinal tract of man and mammals, and 
Sts presence in milk is popularly supposed to indicate contamination 
with fecal matter, hence its presence is frequently regarded as an indica¬ 
tion of filth. This conception is undoubtedly attributable in the last 
•analysis to the importance of the colon bacillus as an indicator of pollu¬ 
tion in water. The numbers of colon bacilli which may be present m a 
sample of milk do not necessarily furnish any evidence of the nature or 
extent of fecal contamination, for there is no way of distinguishing between 
the initial number of these organisms in a given sample of milk and their 
iescendants. Furthermore, colon bacilli have been shown by many ob¬ 
servers to occur in large numbers on dried grains and hay. These organ- 
sms are readily detached from these grains, and, together with dust, may 
teadily find their way into the milk pail quite independently of any direct 
leal contamination. The subsequent development of B. colt and the 
umbers of it which appear in milk are the results of time and tempera- 
ure rather than initial seeding, for this organism grows very rapidly in 
his medium. The analyses recorded in the accompanying chart show that 
x . colt does not attack milk proteins to any appreciable extent, and this 
tjght have been confidently predicted, for B. colt acts energetically upon 
*ctose. bringing abopt coagulation in from 24 to 72 hrs. as a rule The 
Isulting product is potentially buttermilk, that is to say, a pure culture 
“ this organism produces a marked lactic acid fermentation with acid 
^agulation of thp casein. The degree of acidity produced is quite con- 
s lerable, amojjjfting to m6re than 5% reckoned in terms of normal acid 
tithe end of the third day. It is a^noteworthy fact that B. colt does 
ot produce noticeable amounts of gas IM milk, although the lactose con- 
snt of this medium is several times that of lactose broth, in which medium 
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a considerable amount of gas is formed. No satisfactory explanation of 
this phenomenon is available. It is worthy of note, however, that gaa 
formation proceeds rapidly in milk when B. colt is grown symbiotically 
with certain actively peptonizing bacteria, notably strains of B. mesen* 
tertcus . 1 Here gas formation is actually greater than is the case when 
B. colt is grown in pure culture in lactose broth. 
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B. cloacae is probably far less commonly met with in milk than B. colt 
or B. proteus, although it is frequently found in sewage and sewage pol¬ 
luted water. This organism, like B. colt, ferments lactose, but it will be 
observed that the degree of acidity attained is scarcely one-half that pro¬ 
duced by the colon bacillus under the same conditions. The same phe¬ 
nomenon is met with in lactose broth. The degree of proteolysis, as 
measqjed by the increased ammonia, is about twice that of the colon bacil- 
lu^dtt^nped in terms of milligrams of ammonia per 100 cc. of milk The 
a#MH$Jhowever, is not great, being less than 6 mg. in 100 cc., or 60 
para link million parts of milk. These chemical changes agree closely 
with those described for this organism in broth cultures 2 sp far as the initial 
stages are concerned. B. cloacae , however, does not to form alkali 

in milk even after prolonged cultivation,* although it forms alkali in sugar 

1 Kendall, Boston Med. and Swg. /., 163, 322 (1910) 

* Kendall, Day and Walker, This Journal, 35, 1227, 1230 (1913) ' 




Bacteriologists are by no means in accord in defining precisely the char¬ 
acters which differentiate the members of the hay bacillus and potato 
bacillus groups. Theobald Smith states that B. subtilis ferments no 
sugars, that is, it is an obligate proteolyte, in other words, and his classifica¬ 
tion is accepted without question in this work. B. mesentericus ferments 
dextrose, and there is considerable evidence that it forms fatty acids, 
at least to a moderate extent, from milk fats. Both of these organisms 
have been found to break down the protein of milk energetically, as is 
shown in the accompanying tables. This breakdown, furthermore, con¬ 
tinues without interruption for at least four weeks at the body tempera¬ 
ture, so that there is produced at the end of this time no mg. of ammonia 
above that of the uninoculated controls kept under the same conditions. 
This breakdown of protein'results in the liberation of ammonia which cor¬ 
responds to nearly 18% of the total nitrogen of the milk. Even these 
active proteolytic organisms, however, do not produce any considerable 
amount of protein breakdown during the first 24 hrs. of growth at body 
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ttmperatlr/an d it is almost certain that if they were kept at room tem¬ 
perature, f/at the temperature at which milk is ordinarily shipped, that 
is, below/? 0 , these changes would be scarcely detectable in the first few 
days. should not be construed, however, to mean that milk contain¬ 
ing consi/rable numbers of these organisms is a fit food for infants. 

B. suUis produces a progressively alkaline reaction in milk, which is 
readily /plainable on the basis of the decomposition of the milk proteins, 
resultii^in the accumulation of ammonia and other basic products. At 
the thfl day peptonization is well marked. This peptonization con¬ 
tinues until the casein of the milk is almost completely liquefied. B. 
mesentericus produces a progressively acid reaction whijch manifests itself 
in spite of the very considerable decomposition of protein and accumula¬ 
tion of ammonia, resembling B. protens in this respect. 1 The initial 
acidity is attributable to the fermentation of the small amount of dex¬ 
trose or dextrose-like substances normally present in milk. The subse¬ 
quent development of acid is perhaps due, in part at least, to the break¬ 
down of milk fat and the liberation of fatty acids. Whether a coincident 
liberation of acid phosphates takes place cannot be stated. 

B. pyocyaneus is rarely found in milk which has been properly handled, 
but it may occasionally find its way into milk through contaminated 
.water, for this organism is sometimes found under these conditions. 
It is even more active proteolytically than either B. subtilis or B. tnesen- 
tericus, and at the end of the third week more than 170 mg. of ammonia, 
amounting to 27.5% of the total nitrogen in milk, has accumulated. 
During the first 24 hrs. of incubation the milk becomes blue-green in color, 
particularly the cream layer, and by the end of the third day the milk 
is decidedly green throughout. It is then very viscid. By the end of the 
second week the milk is extremely thin and watery in appearance, and 
when touched with a platinum needle it can be drawn out into long, slimy 
threads. The slight acidity which appears during the first three days 
is perhaps due to the decomposition of certain constituents of the milk 
fat, for the organism ferments no sugar. 

Conclusions. 

1. B. subtilis and B. mesentericus and B. pyocyaneus act energetically 
upon the protein constituents of milk. 

2. Their growth in milk is characterized by a noteworthy production 
of ammonia that is far greater in amount than that produced by the ordi- 
nary^athogenic bacteria. 

3. The production of ammonia is accompanied by a progressively 
alkaline reaction in the case of B. subtilis , by a transient initial acidity in 
the case of B. pyocyaneus , while B. mesentericus produces a progressive 
acidity. 

1 Kendall and Farmer, J. Biol. Chcm., 12, 215 (1912). 
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4. B. pyocyamus produces a green coloration in milk evet^t the exyi 
of 24 hrs. 

XXXV. The Metabolism of B. Diphtheria©, B. Suipestife Vibrio 
Cholerae, and B. Tuberculosis in Milk. 

One of the diseases which is definitely transmissible by milk *rom man 
to man is diphtheria. There are numerous instances on recc'd where 
epidemics varying from a few cases to rather extensive outbre ks have 
been traced definitely to milk supplies. Almost without excep ion the 
evidence is completed by the discovery on the farm or at som. station 
where milk has been handled of a case of diphtheria, or a diphtheria carrier 
has been recognised. 

The diphtheria bacillus, however, as appears to be the case for the 
majority of those organisms progressively pathogenic for man, does not 
produce deep-seated changes in the medium in which it is growing. A 
study of the metabolism of the diphtheria bacillus in milk which appears 
below shows that this organism produces but very little change in the pro¬ 
tein constituents of milk, the amount of ammonia formed being but 3.5 
mg. per 100 cc. in 14 days. These figures are in close agreement with those 
obtained by the same organism incubated under parallel conditions in 
broth. 1 This organism produces, as the tables show, a progressive acidity 
in milk, the amount of acid produced, however, being comparatively little.. 
This organism ferments dextrose, and it is certain ifeitbjit least a portion 
of this acidity is attributable to the development of* acid from the small 
amount of dextrose-like substance which, as has been stated above, 9 
is normally found in fresh milk. Whether any of the aridity produced 
by this organism is attributable to the liberation of add phosphates, in- j 
ddental to the breakdown of casein, or whether it is due to a slight de¬ 
composition of milk fats cannot be stated. This organism does not 
ment lactose, consequently the aridity observed cannot be attributaop , 
to the breakdown of this sugar. Hie very slight changes in the reaction* 
and composition of milk, as indicated by the tables, show condusively 
that this organism could not be detected in milk directly by ordinary chem¬ 
ical procedures. 

The bacillus, Swine Plague No. 8, is a member of^thfc hemorrhagrc 
septicemia group pathogenic for swine. It is not an organism which causes 
noteworthy decomposition of protein. Even in broth containing no sugar, 
where the conditions for proteolysis are most favorable, this osganism 
has been shown to produce but very little decomposition. 8 It ajbo pro¬ 
duces but very little protein breakdown in milk, the maximum amount, 

1 Kendall, Day and Walker, This Journal, 35, 1209 (1913) 

* This Journal, Study xxxi. Smith, Theobald, J . Bact, Soc. Med. Sri. t 2, 236 
(1898). 

* Kendall, Day and Walker, This Journal, 35, 1218 (1913). 
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3.5 mg., being found on the 21st day. This slight amount of ammonia, 
which accounts for but 0.56% of the total nitrogen of the milk, is so slight 
that it would escape detection. There is a slight production of acid which 
is persistent when phenolphthalein is used as an indicator, but which is 
replaced by an alkaline reaction when the milk is titrated with alizarin 
Or neutral red as an indicator, the alkalinity disappearing before the 7th 
dfiy with the former, and between the 7th and $4th days with the latter. 
The possible sources of this acid are so numerous that no definite state¬ 
ment can be made about it other than that the initial acidity, at least, 
can logically be attributable to the fermentation f of the small amount 
of dextrose which is apparently a constituent of normal milk. Organisms 
of the hemorrhagic septicemia group, it should be stated, have never been 
found irf^^fconste^>le numbers in market milk, consequently, this or¬ 
ganism hflRftiftTC significance in this medium. 

The vibrio of Asiatic cholera has at times been reported as transmissible 
from man to man through milk. The observations of Hesse 1 would indi¬ 
cate that fresh cows’ milk exercises a strong bactericidal action uppn cholera 
vibrios and that this bactericidal action is removed when milk is heated 
for some time. Prolonged heating, according to Hesse, appears to change 
milk in such a manner that cholera vibrios no longer grow in it. It it 
1 Hesse, Z. Hyg., 17, 270 (1894)- 
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generally assumed that this organism finds it way into milk through con¬ 
taminated water, for the cholera vibrio, so far as is known, is never found 
in the intestinal tracts of cattle: it is conceivable that the organisms might 
be introduced into milk by cholera carriers who have the organisms on 
their hands. A certain amount of presumptive evidence in favor of this 
view is furnished by the fact that without exception those cases of cholera 
which appear to have been acquired from drinking milk have occurred 
in the Orient where the handling of milk is very much less carefully regu¬ 
lated than in more enlightened communities. The cholera vibrio fer¬ 
ments lactose fairly readily and it is not surprising to find a certain amount 
of acid development in milk. Kitasato, 1 in 1889, showed that the growth 
of cholera vibrios in milk was associated with an acid reaction. The 
amount of acid, however, is not very great, but it is sufficient to cause 
coagulation on the 7th day. The amount of protein breakdown, as indi¬ 
cated by the accumulation of ammonia, is very small indeed* this is in 
harmony with what has been observed previously 2 when this organism 
is grown in ordinary broth containing utilizable sugars, the carbohydrate 
sparing the protein from breakdown. Here again the changes induced 
in the milk, even when it is kept at body temperature where conditions 
are apparently optimum for a rapid development of the organisms, are 
very slight and would absolutely escape detection by ordinary chemical 
means. 

The distribution of tubercle bacilli, particularly bovine tubercle bacilli, 
in milk is a problem which has been studied for many years. The con¬ 
sensus of opinion at the present time appears to be that occasionally bovine 
bacilli which enter the intestinal tract of man with milk—particularly 
young children—may sometimes result in infection. It is assumed, tacitly 
at least, that these organisms do not develop appreciably in milk, and tlidffe 
are very few references jn t ttie literature referring to the effects of their 
growth in this medium. IJ^pin, 5 however, has shown that the tubercle 
bacillus may grown fairly rapidly in this medium. B. Tuberculosis “WV” 
which has been studied in this connection, is an avirulent human tubercle 
badBus which grows fairly rapidly on artificial media. It will be observed 
from an examination of the accompanying table that this organism pro¬ 
duces a fair amount of ammonia in milk, amounting to nig. 

per 100 cc. in 28 days. Over half of this ammonia isthe end 
of the third day, indicating that at least the rapidly growing varieties of 
the Organism develop in this medium with moderate luxuriance. The 
reaction produced is progressively alkaline except for the first 24 hours, 
when there appears to be a very slight acidity. The degree of alkalinity, 

1 Kitasato, Z. Hyg., 5 » 494 (1889). 

* Kendall and Farmer, J Biol Chem ., 12 ,*467 (1912). 

* Klein, Cent. Bakt . 1 Abt., 28, irj (xgibo) 
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however, never becomes very great and a consideration of the metabolism 
of this strain would indicate that even rapidly growing tubercle bacilli 
-do not produce noteworthy changes in milk At the end of the 7th day 
the milk appears to be somewhat thinner than normal, and by the end of 
the third week it is very thin, almost opalescent, resembling in this respect 
milk in which B . paratyphosus beta and B. icteroides have been growing. 
It is very probable that this thinning is due to a decomposition of the casein. 
Monvoisin 1 has called attention to the milk of tuberculous cattle. His 
results show that milk drawn from cattle with tuberculous udders very 
frequently exhibits a hypoacidity and the milk itself is very thin, resembling 
in composition normal blood serum. It would appear that the changes 
noticed by Monvoisin are qualitatively somewhat analogous to those 
noted in the experiments described above, particularly with reference to 
the increased alkalinity of the milk and the gradual thinning. It is by 
no means to be assumed, however, that the changes observed by this author 
are parallel in any sense with those observed in milk infected with a rapidly 
growing, avirulent, human strain of the tubercle bacillus. Moussu and 
Monvoisin 2 have studied the composition of milk of tuberculous cows 
somewhat more extensively than the analyses reported above. They 
find that in cows with tuberculous udders the acidity of the milk decreases 
as the disease progresses. There is a decrease in the casein, which has 
also been shown by Storch. The chlorine content of the milk decreases 
and the normal acidity is reduced 50% or even 75%. The total nitrogen 
content is also decreased as well as the fat. These changes, taken in con¬ 
nection with the analyses recorded above, indicate that the tubercle bacillus, 
grown in milk, and in milk drawn from cows suffering from advanced tuber 
culosis of the udder, shows a noteworthy diminution in its general composi¬ 
tion, these changes being a decrease in acidity, or rather, an increase in 
alkalinity; a thinning of the milk, and, according to Moussu and Mon¬ 
voisin, a diminution in the amount of butterifat. 

Conclusions. 

(1) The diphtheria bacillus produces no visible change in milk even 
after three weeks’ growth at body temperature, and chemically the changes 
are so slight as to escape detection by ordinary chemical methods. 

(2) cholera vibrio produces an acid coagulation in milk by the end 

of the is attributed to the fermentation of the lactose. 

There is'%Ot little coincident protein breakdown, the lactose protecting 
the milk proteins from degradation. 

(3) The rapidly growing, avirulent, human tubercle bacillus grows 
luxuriantly in milk, producing a moderate breakdown of the proteins and 
a progressive alkaline reaction. After a week’s incubation the milk is 

1 Monvoisin, Rev. d. Med . Veterin , 87, 16 (1910); Compt. rend., ax (1909)* 

* Moussu et Monvoisin, Compt. rend., 6a, 26 (1907). 
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distinctly thinner in consistency and slightly brownish in color. At 
the end of three weeks the milk is decidedly brownish and almost opalescent. 
XXXVI* The Metabolism of Certain Members of the Coccal Group in 

Milk. 

There has been a great deal of discussion regarding the significance 
of the streptococci found in cows* milk. The most common variety of 
these, Streptococcus lacticus , (Kruse), 1 is culturally very similar to the 
Streptococcus pyogenes , according to Kruse, 1 Heinemann,* and others. 
This organism, together with its numerous variants, appears to be an almost 
constant inhabitant of ordinary milk, in which medium it usually produces 
an acid coagulation. Streptococci which are but imperfectly differentiated 
from Streptococcus lacticus atfe found frequently in the milk drawn from 
cows with inflammed udders, and epidemics of sore throat, frequently 
of a severe nature, have also been attributed to streptococci which belong 
to this same group. 

Streptococcus pyogenes grows with moderate luxuriance in milk, pro¬ 
ducing an acid coagulation of the casein on the third to the seventh day 
or even earlier, due to the fermentation of lactose. It might be confidently 
predicted, and the table shows, that there is no considerable coincident 
breakdown of protein, which is indicated by the relatively slight increase 
in the ammonia content of the milk even after several days’ incubation. 
Aside from the coagulation which this organism, Streptococcus pyogenes> 
brings about, there is no noticeable change in the composition of the milk, 
and the changes even when measured quantitatively are very little. 

Staphylococcus aureus is much more actively proteolytic than the Strep¬ 
tococcus. This organism ferments lactose as well as other sugars, and 
it is not surprising to find that the reaction becomes progressively acid, 
the acidity amounting to 7% at the end of the 14th day. Coagulation 
is already complete at the end of the third day and there appears to be 
a certain amount of coinddant peptonization which is most marked by 
the end of the third week. Whether this peptonization is in reality a true 
liquefaction of the casein coagulum or a contraction of it cannot be stated 
definitely; from the relatively small amount of ammonia produced, amount¬ 
ing to but 12 mg. in 14 days, it would seem that the proteolytic activity 
exhibited by this organism, although somewhat greater than of the 
Streptococcus, is not sufficient to account for what a con¬ 

siderable degree of peptonization. The proportionate lhcreffle in am¬ 
monia formed by the Staphylococcus in milk, as compared with that of 
the Streptococcus, is in about the same proportion as the ammonia forma¬ 
tion by these organisms in broth under the same conditions, and it would 
appear that the utilization of protein by the Staphylococcus is accompanied 

1 Kruse, Centr Bakt., 34, 737 (1903). 

* Heinemann, J. Inf. Dis 3, 173 (1906). 
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by a somewhat deeper-seated change or changes of the protein than is 
the case when the Streptococcus utilizes the same protein. Whether 
Staphylococcus pyogenes aureus or the chromogenic variants of this organism 
are to be regarded as pathogenic bacteria occasionally present in milk 
cannot be definitely stated. This organism usually appears to gain en¬ 
trance to the tissues of man through abrasions in the skin, or occasionally 
through damaged mucous membranes. It is quite unlikely, however, 
that the mucous membrane of the gastrointestinal tract is a portal of 
entry for this organism. 
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Micrococcus zymogenes reacts very similarly to Staphylococcus aureus 
m milk, producing in it visible changes which are manifested by a coagula¬ 
tion and separation of serum, by a moderate accumulation of ammonia 
(amounting to about 9 mg. in 100 cc. of milk), and by a progressively 
acid reaction which amounts to 7.5% at the end of two weeks. This 
organism, like Staphylococcus aureus , ferments lactose, and the accumula¬ 
tion of acid is, therefore, readily explainable. The comparatively small 
amount of ammonia formed would speak in favor of the separation of 
serum as being due to a mechanical contraction of the casein coagulum 
rather than to an extensive liquefaction of the casein. 

Micrococcus mehtensis , which is the etiological agent of Malta fever 
is transmitted to man through the milk of Maltese goats. It is also found 
in the urine of these animals. Malta fever has recently become endemic 
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in certain parts of the United States, particularly Texas, where it has 
bedh introduced by the importation of goats from the Island of Malta. 
Mibrococcus melitensis grows slowly in milk, produces but little ammonia 
ahd a slight, progressive acid reaction which is indicated by an increase 
in the titration values both with phenolphthalein and neutral red. With 
alizarin as an indicator the reaction after the third day becomes slightly 
alkaline; the explanation for this phenomenon is not known. 

Conclusions. 

(1) Streptococcus pyogenes, Staphylococcus aureus, and Micrococcus 
zymogenes produce an acid coagulation in milk which is visible on the third 
day; occasionally it may be visible somewhat earlier, and less typically, 
somewhat later. 

(2) The amount of acid formed varies with the organism, Streptococcus 
pyogenes producing relatively little acid, Staphylococcus pyogenes and 
Micrococcus zymogenes producing considerable amounts of acid. 

(3) Staphylococcus aureus and Micrococcus zymogenes form somewhat 
more ammonia than does the Streptococcus pyogenes under the same condi¬ 
tions in milk. 

(4) Milk cultures of Staphylococcus aureus and Micrococcus zymogenes 
exhibit a considerable accumulation of clear serum after coagulation is 
complete: whether this is to be construed as a true liquefaction of the casein 
(peptonization), or a mechanical contraction of the casein with the ex¬ 
trusion of whey is not definitely known. 

(5) Micrococcus melitensis grows slowly in milk, produces no visible 
change and but very little quantitative change in chemical composition. 
XXXVH. The Metabolism of Certain Bacteria in Skimmed Milk, Whole 

Milk, and Cream. 

In a series of previous communications relating to the metabolism of 
certain bacteria in certified whole milk containing 3.6% butter fat, 1 
a number of reactions, chiefly increases in acidity, were encountered, for 
which no satisfactory explanation could be advanced. The character of 
these reactions suggested that they might be attributable to the action 
of these organisms upon some constituent or constituents of the cream, 
possibly by means of a fat-splitting ferment or lipase. Attempts to study 
the chemical changes in the cream were temporarily defeated because of 
the difficulties encountered in obtaining representative samples for analysis. 

The observations recorded below were made with a view of determining, 
grossly at least, the effect of butter fat (cream) upon the metabolism of 
these bacteria. For this purpose certified skimmed milk (containing 
0.15% of buttey fat), certified whole milk (containing 3.6% of butter fat), 
and certified cream (containing 40% of butter fat), prepared in the usual 

1 Kendall, Day, and Walker, “Studies in Bacterial Metabolism, XXXI-XXXVT, ’’ 
inc.. This Journal, 36, 1920 (1914). 
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manner discussed above, were inoculated under like conditions with certain 
of these organisms, and these cultures, respectively m skimmed milk, 
whole milk, and cream, were incubated under parallel conditions and studied 
at appropriate intervals The analyses follow 

Discussion. 

If butter fat exerts any true sparing action for protun, it should be 
manifested by noteworthy differences in the amounts of ammonia produced 
when the same organism is grown, respectively, in skimmed milk, containing 
but little butter fat, and in cream that is to say, less ammonia would be 
found in the cream cultures than in the corresponding skimmed nnlk cul¬ 
tures The acidity of the cream cultures under these conditions might 
be confidently predicted to be greater than those m skimmed milk pro 
vided carbohydrates played no part in the reaction On the other hand, 
if the mcrease in acidity observed m these c ultures be due to a fat splitting 
ferment (a lipase) excreted by the bacteria or liberated irom th< m as the 
organisms are autolyzed, the cultures should show an imreasc in acidity 
without a noteworthy diminution m ammonia production In other 
words, a true fermentation of the butter fat T might be expected to shield 
the protein of the milk from bacterial breakdown, preuscl as utih/able 
sugars protect the protein under the same conditions, although perhaps 
not to the same extent, while, on the contrary, the action of a ferment 
a lipase in this instance, might be conceived to be more or less independent 
of proteolysis, in which case the reaction might become progressiveh acid, 
although proteolysis progressed normally It is conceivable that these 
differences might be masked on the one hand by certain mechanical 
factors, particularly prominent in cream for this medium forms a compact 
layer practically impermeable to air, and it is quite possible that the 
organisms might, therefore, grow less luxuriantly than would be the case 
m skimmed milk where access of air is more easily obtained On the 
other hand, a resultant acid re»ct*on might be met with even though the 
proteolysis proceeded normally because the amount of acid produced 
by the activity of the lipase might be more than sufficient to neutralize 
the alkalinity of the basic products resultmg from the protein breakdown 
The metabolism of such a culture should show a progressive proteolysis 
of greater or lesser magnitude associated with a progressive acid reaction 

The organisms studied in this connection were B typhosus, B para 
typhosus alpha and beta , B coll , B proteus, B pyooyaneus , and the avirulent 
tubercle bacillus “W,” all of these organisms being represented in the 
earlier studies on the subject 

B typhosus and B paratyphosus alpha and beta, as shown in the table, 
do not exhibit any marked differences m metabolism whether they are 
1 Rubner Arch Hyg 38, 67 (igoo) believes that bacteria ferment fats but do 
not split fats, by lipase action 
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developed in skimmed milk, whole milk, or cream. The amount of pro¬ 
tein breakdown recorded in percentage is about the same for each of 
these organisms in each of the media. 

B. typhosus and B. paratyphosus alpha produce a permanent acid re¬ 
action in skimmed milk as well as in whole milk. It will be remembered 
that an acid reaction was produced by these organisms in whole milk 
in the above-mentioned studies . 1 The growth of these organisms in 
these media furnishes no definite explanation for this acid reaction. 

B . paratyphosus beta , similarly, exhibits an initial acidity, which, how¬ 
ever, is followed by an alkaline reaction. It is apparent that the variation 
in composition of the media has not influenced, in any noteworthy manner, 
either the nature or the extent of the metabolism of these three organisms. 

B. coli does not exhibit any noteworthy differences in metabolism in 
the three media, although the reaction produced is somewhat more acid 
than it is in either whole milk or cream. The amount of ammonia, however, 
formed in skimmed milk does not differ materially from that observed 
in whole milk or cream, and, aside from the slight difference in reaction 
noted, the organism appears to thrive equally well in the three media, 
producing in them changes of about the same magnitude. 

B. proteus forms more ammonia both relatively and absolutely in cream 
than it does in either skimmed milk or whole milk. This organism, 
it will be remembered, does not ferment lactose; consequently, this sugar 
cannot exert any sparing action for the protein constituents of milk and 
cannot have any part in the production of acid in milk. Why the pro¬ 
tein content of cream should undergo a greater decomposition than the 
protein of skimmed or whole milk is not readily explainable. Notwith¬ 
standing the increase of proteolysis in cream as contrasted with that 
observed in skimmed or whole milk, B. proteus effects a noteworthy 
decomposition of protein in either instance, amounting to 33 mg. of am¬ 
monia in the milk containing less butter fat, and to about 60 mg. of am¬ 
monia in the cream. The reaction is somewhat less acid in cream, prob 
ably due, in part at least, to the proportionately greater accumulation 
of ammonia. It is difficult to explain the acid reaction produced by this 
organism on the basis of information contained in the tables. 

B. pyocyaneus appears to act less energetically upon the proteins in 
the cream media than the proteins contained in whole or skimmed milk. 
There is associatfd with this restriction of proteolysis, amounting to about 
50%. a progressively acid reaction to phenolphthalein in cream. Re¬ 
actions to alizarin and neutral red are less accurate, for the color change 
induced in the niilk as the result of the growth of B. pyocyaneus obscures 
the end point and makes the titrations less accurate. The noteworthy 

1 Kendall, Day and Walker, "Studies in Bacterial Metabolism, XXXI,” This. 
Journal, 36, 1920 (1914). 
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'difference in reaction observed m cream as compared with skimmed and 
whole milk would appear to rule out the possibility of a restricted growth 
of the organism m cream as a possible explanation for the decrease in 
proteolysis This reaction reaches a maximum corresponding to 2 8% 
aud on the 7th day, and then decreases as ammonia formation proceeds 
Remembering that B pyocyaneus ferments no sugars this acid reaction, 
which appears during the initial stages of development of the organism 
in cream and also in skimmed and whole milk before proteolysis has pro 
gressed to any considerable degree, would lead to the plausible assumption 
that this acidity may be due, partially at least, to a fat splitting ferment 
Sommaruga 1 has shown that both B typhosus and B pyocyaneus produce 
lipases m gelatin and agar media containing oil or fats Ihe decrease 
in acidity after the first week may, perhaps, be due to the gradual accumu 
lation of ammonia, ammonia formation progressing rapidly at this time 
It is stated by Michaelis 2 that alkalies tend to inhibit the action of lipases 
of vegetable origin 

The avirulent, rapidly growing, human tubercle bacillus W” shows 
no noteworthy differences in metabolism or reaction when it is grown, 
respectively, in skimmed milk, whole milk, and cream It should be ob 
served, however, that the reaction in cream is less alkaline than is the 
case in either skimmed milk or whole milk Whether lipases play any 
part in this reaction or not cannot be stated definitely The organism 
produces a moderate amount of breakdown of the proteins of the three 
media respectively, and the results obtained in whole milk correspond 
closely with those recorded in the previous experiment in the same media 3 

Conclusions. 

(1) B typhosus, B paratyphosus alpha and beta, B coh, and the tubercle 
bacillus ‘ W” do not exhibit any marked differences in their nitrogen 
metabolism as measured by ammonia formation, or in their reactions to 
various indicators when the^ are grown under similar conditions m whole 
milk, skimmed milk and cream 

(2) The permanent acid reaction, which is a feature of the growth of 
B typhosus and B paratyphosus alpha, in whole milk, is also produced 
in skimmed milk and cream The initial acidity followed by an alkalinity, 
which is a characteristic of B typhosus and B paratyphosus beta in milk 
is also observed in cream 

(3) B proteus is more proteolytic in cream than it is in whole milk 
or skimmed milk 

1 Sommaruga Z Hyg , 18, 454 (1894) 

* Michaelis Abderhalden’s "Handbuch d biochcm Arbeitamethoden Vol III, 
P 23 

* Kendall, Day and Walker, 'Studies in Bacterial Metabolism, XXXV * This 
Journal 36, 1933 (1914) 
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<4) £. pyocyaneus is less proteolytic in cream than it is in whole milk 
or skimmed milk. 

(5) The presence of certain pathological bacteria, B. typhosus , and 
B, paratyphosus alpha and beta, cannot be detected in milk by the chemical 
changes which they induce in it. 

CaxeAOo, III. 


[Kaon the Department op Bacteriology, Northwestern University Medical. 

School. J 
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XXXVin. Observations on Fat-Splitting in Milk by Bacterial Lipase. 

A study of the metabolism of certain bacteria in sterile whole milk 
disclosed certain reactions, chiefly relating to the production of titratable 
add in the presence of the progressive formation of basic products of 
protein breakdown, which could not be explained by any available in¬ 
formation. B. typhosus and B. paratyphosus alpha , for example, produced 
a progressively add reaction in milk, while B. paratyphosus beta , an or¬ 
ganism very closely related, both qualitatively and quantitatively, pro¬ 
duced a terminal alkalinity in the same medium under the same conditions. 
Similarly, B. proteus and B. mesentericus produced a progressive add 
reaction, while B. subtilis produced a progressively alkaline reaction, 
notwithstanding the fact that all three organisms are strongly proteolytic. 
Several possibilities present themselves to explain these results: 

(1) It might be assumed that there is a liberation of phosphoric acid„ 
probably as add phosphates, during the course of the bacterial digestion. 

(2) The fermentation of fats in the Rubner sense, 1 with the liberation 
of fatty adds from the cream, might be a possibility. 

(3) These organisms may secrete lipases, which break down the fatty 
constituents of the milk, perhaps independently of the protein metabolism. 

(4) Other causes, as, for example, the possible formation of add-reacting 
products, the result of protein decomposition. 

There is no direct evidence for any of these assumptions, so far as these 
studies have shown: there is a certain amount of d priori objection to* 
possibilities i, 2, and 4, chiefly theoretical, however, and due to imperfect 
knowledge of the # nature of intermediary metabolism of bacteria. To 
assume the presence of a fat-splitting ferment would appear to be a most 
logical hypothesis to consider first, and with this possibility in view the 
following experiments were made: 

Broth cultures of B. typhosus , B. coli t B. proteus , B. subtilis , B. meson - 
1 Rubner, Arch. Hyg , 38, 67 (1900). 
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tericus , and 5 . pyocyaneus, respectively, in plain and dextrose broth were 
grown for ten days at 37° then filtered through Berkefeld filters to separate 
out the bacteria. Plain and dextrose broths were chosen because the 
products formed by all the organisms, except B. subtihs, and probably 
B. pyocyaneus , are widely different in the two media. 1 There is, further¬ 
more, apparently about 0.1% dextrose in good grades of milk, an amount 
which the dextrose-fermenting organisms can soon use up, however, 
forcing them then to utilize other substances in their dietary.* 

Table I 
Filtrate. 

Cc 002 N NaOH 


Ethyl 

Cream butyrate Triacetin 



Plain broth 


B typhosus 

+090 

0 00 

4-o 80 

000 

4-o 10 

0 00 

4-o 50 

4-1 25 

B cob 

4-o 80 

4-005 

-fo 70 

0 00 

+0 20 

oxx> 

-i 045 

4-i 15 

B proteus 

+0.20 

0 00 

-fo 20 

0 00 

—0 75 

0 00 

—0 10 

-fp 85 

B subtihs 

4-0 55 

0 00 

4-065 

0 00 

-fo 20 

000 

4-040 

-f1 10 

B mesentencus 

4-1 15 

4-o 25 

4 1 25 

-fo 25 

-fo 50 

4*005 

4 0 60 

+1 30 

B pyocyaneus 

4-0 15 

0 00 

4-o 20 

0 00 

- 0 SO 

-f 0 10 

4o 15 

4-o 70 



Cc 002 JVNaOH 







Dextrose broth 





B typhosus 

4-2 70 

4-0 10 

4-2 90 

4-o 15 

-f I 65 

-fo 30 

+2 10 

4 1 30 

B cob 

4*2 80 

4-005 

4-3 00 

4-005 

4-2 35 

4-o 15 

4-2 50 

4-1 10 

B . proteus 

4-2 85 

-fo 20 

4*3 00 

4-o 20 

4-2 25 

+035 

4-2 40 

-fi 30 

B subtihs 

4-030 

0 00 

4-035 

0 00 

+045 

000 

4-0 60 

4 1 35 

B mesentencus 

4-2 10 

4-0 20 

4-2 20 

4- 0 20 

-f I 65 

4-o 25 

4-i 70 

4-i 15 

B pyocyaneus 

4-o 40 

4-o 20 

fo 35 

-fo 25 

—045 

4-o 10 

+0 20 

+095 



Bacteria 








Cc 0 02 N NaOH 





B typhosus 

4-0 55 

4-o 25 

4-o 60 

-f 0 20 

0 00 

• 4-0 15 

-fo 30 

-fo 60 

B cob 

4-o 45 

4-o 15 

4-o 50 

4-o 15 

—0 15 

-fo 15 

4-o 35 

4-0 80 

B proteus 

4-o 60 

+040 

4-0 45 

4-0 45 

—0 15 

-fo 30 

4-040 

4-i 15 

B subtihs 

4-0 60 

-t-o 25 

4-0 65 

-fo 30 

4-o 10 

-fo 15 

4-o 50 

4-i 00 

B mesentencus 

•fo 50 

4-040 

4-040 

4-030 

4-o 10 

4-o 25 

1040 

4-i 10 

B pyocyaneus 

•f 0 60 

4-035 

4-o 55 

4-o 30 

+005 

4-o 15 

4-o 40 

4-i 00 



Controls 








Cc 002 N NaOH 





B typhosus 

4-o 50 

0 00 

0 00 

0 00 

4-0 10 

4-005 




1 Kendall, Day and Walker/ This Journal, 35 , 1243 (*9*3) 

* Kendall, Day and Walker, "Studies m Bacterial Metabolism, XXXI,” This 
Journal, 36, 1920 (1914) 
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The details of the technique used m testing lipolytic activity of bacterial 
growth have been described in detaq elsewhere 1 and will not be referred 
to h«#e other than to mention the general procedure. 

One cc. of the sterile filtrate was introduced into large, clean test tubes 
containing toluol water (10 cc.). It will be seen that, theoretically at 
least, but V100 of the total reactive substance of the original culture is 
thus brought under observation, for the initial volume of each culture was 
uniformly 100 cc. To these diluted cultures 0.25 cc. neutral ethyl butyrate 
and triacetin, respectively, were added, and the whole thoroughly mixed 
by vigorous shaking, neutralized to phenolphthalein with 0.02 N NaOH 
or HC 1 , as the reaction warranted, and incubated at 37 0 for 24 hours. 
The increase in acidity is taken as a measure of the esterase activity of 
the solution in which the determination was made. Appropriate controls, 
using sterile (uninoculated) media of like kind and amount with ester, 
and ester controls in water, were made at the same time, and inoculated 
under the same conditions. These controls were uniformly negative, 
that is, they did not break down the esters, indicating clearly that the 
reactive substance is present only in the filtrates of the cultures. 

To determine the action of these filtrates in cream, 1 cc. of 40% certi¬ 
fied cream was sterilized in the autoclave, after the addition of 10 cc. of 
distilled water. One cc. of the respective filtrates were added to this 
sterile, diluted cream, together with toluol, and examined according to 
the same procedure with suitable controls. 

The results follow: Table VIII shows the amount of 0.02 N NaOH 
required to neutralize the acid liberated from the ester, the glyceride ^nd 
the cream (duplicate), respectively, as these substances were acted upon 
by the sterile filtrates of the organisms mentioned above. For the sake 
of completeness, the initial neutralizing values are given, which indicate 
the amounts of acid or alkali necessary to bring the mixtures of filtrate 
and ester to neutrality prior to incubation. 

Discussion. 

B. mesentericus appears to be the only organism which elaborates a 
reactive substance (lipase) in plain broth, which forms acid by breaking 
down the glycerides in the cream. None of the plain broth filtrates 
of the various organisms appear to liberate acid from ethyl butyrate, 
while all act to a considerable extent on triacetin. Grown in dextrose 
broth, the filt/ates of all the organisms, except B. coli and B. subtilis , 
produce a certain amount of acid in cream after 24 hours, B. typhosus 
somewhat less than the remaining bacteria. B. typhosus, B. proteus and 
B. mesentericus filtrates (dextrose) act more energetically than the other 
organisms on ethyl butyrate, while all the types studied liberate consider- 
1 Kendall, Walker and Day, to appear in /. of Infectious Diseases, November, 19x41 
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able amounts of add from triace tin, as was the case with the plain broth 
filtrates. It will be seen from Table VIII that the filtrates of those bac¬ 
teria which ferment dextrose are more active lipolytically than the corre¬ 
sponding plain broth filtrates. This may be attributable, in part at least, 
to the greater luxuriance of growth in dextrose bioth. These results 
do not fully meet the requirements of the hypothesis, however, for it is 
conceivable that those bacteria whose filtrates do not exhibit any ap¬ 
preciable action on the cream might still contain within their bodies an 
endo-ferment, which was not present in the culture media separated from 
them by filtration through porcelain. 

To examine this possibility, the organisms mentioned above were in¬ 
oculated upon slanted plain nutrient agar, the area of which was about 
50 sq. cm. per organism. The bacteria were washed from the agar after 
three days’ incubation at 37 0 with 5 cc. of sterile toluol water. This 
killed the organisms. The suspension was then thoroughly shaken to 
distribute the bacteria uniformly, and 1 cc. of this suspension of dead 
organisms was added to the cream (in duplicate), ethyl butyrate and tri- 
aeetin, respectively, as outlined above. The reaction was adjusted to 
the neutral point of phenolphthalein, then incubated at 37 0 for 24 
hours. 

The results appear in Table VIII. All the organisms, except B. mesen- 
tericas, produced more acid in cream than did the filtrates of the broth 
cultures, either plain or dextrose. The killed culture of B. mesentericus 
liberated no more acid from cream than did the dextrose filtrate. The 
killed culture of B. proteus was about as active as the killed culture of 
B. mesentericus in cream, and both these organisms exhibited greater 
lipolytic activity than the remaining bacteria. Generally speaking, 
the less proteolytic bacteria of this series are less active lipolytically, 
particularly in cream. 

It has been claimed that the butter fat of milk is an emulsion of ex¬ 
tremely finely divided fat droplets, each droplet being encased in a pro¬ 
tein-like envelope. The possibility presents itself,, therefore, that the 
actively proteolytic bacteria may have produced, parallel with the lipase, 
an exo-proteolytic ferment, and that this ferment may have dissolved 
the protein-like envelope, exposing the fat to the direct action of the lipase. 
The sterile filtrates of the broth cultures (plain and dextrose) of the various 
organisms, consequently, were tested for an exo-proteolytic ferment, 
using carbol gelatin (0.50% carbolic acid, 8% gelatin) as a substrate, 
1 cc. of the dextrose and plain broth filtrates, respectively, being added 
to a column of this (sterile) carbol gelatin whose dimensions were 60 X 15 
mm., and incubated at 37 0 for two days. The results follow; 
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Liquefaction 

Plain broth Dextroto broth 

B . typhosus w 

B. coh .. ... 

B. proteus Complete . . 

B. mesentertcus Complete 

B pyocyoneus Complete 

It will be observed that proteus and B. mesentertcus, which ferment 
dextrdse, produced no demonstrable gelatinase in dextrose broth, while 
in plain broth (of precisely the same composition and reaction, except 
for the dextrose) a very active gelatinase was demonstrable. This sug¬ 
gests strongly that the sparing action of dextrose for protein also influences 
the production of proteolytic ferment. 1 The production of an active 
gelatinase by B. proteus , mesentertcus , and pyocyaneus in filtrates of broth 
cultures simultaneously with active lipases would appear to warrant the 
tentative assumption that these proteolytic ferments might dissolve the 
protein-like envelope surrounding the droplets of fat, thus facilitating the 
lipolytic splitting of this fat. 

Conclusions. 

(1) The sterile filtrates of broth cultures of certain bacteria split certain 
esters and glycerides with the liberation of add. 

(2) Generally speaking, the filtrates of dextrose broth cultures of these 
organisms are more active than the corresponding plain broth filtrates. 

(3) This increased activity of the dextrose filtrates may be attributable, 
in part at least, to the greater luxuriance of growth of the bacteria in this 
medium. 

(4) Autolyzed killed cultures of the same -bacteria also split esters 
and fats; and absolute measure of the respective lipolytic activity of the 
filtrates and bacteria, is not available. 

(5) Certain proteolytic bacteria, B. proteus, B. mesentertcus, and B. 
pyocyaneus appear to split cream somewhat more actively than the less 
proteolytic organisms. They produce a soluble, active gelatinase in media 
containing no utilizable carbohydrate. 

(6) The presence of this gelatinase in cultures containing active lipase 
appears to be assodated with a more extensive liberation of acid from butter 
fat (cream), but not from ethyl butyrate and triacetin. 

(7) The extent of the splitting of ethyl butyrate and triacetin by all 
the bacteria studied (both filtrates and killed organisms) appears to be 
independent of their relative proteolytic activity. 

Chicago, III * 

> Kendall, Boston Mod. and Snrg J, 163, 322 (1910), J Med Research, 35, 117 
(1911) 
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NOTE. 

A Device to Aid in Freeing a Precipitate from Mother Liquor when Fil¬ 
tering by Suction .—In using a Btichner funnel and filtering by suction, it 
often happens that cracks will form in a bulky precipitate and break the 
vacuum. Even if the precipitate is fairly compact it is often difficult to 
remove a very considerable part of the mother liquor. Both of these diffi¬ 
culties may easily be obviated if, after the precipitate appears fairly dry 
on the filter, one fastens over the top of the Biichner funnel a piece of thin 
sheet rubber, held in place by a rubber band. The suction within the 
flask draws the rubber down until it presses firmly over the sides of the 
funnel and over the top of the precipitate. The efficiency of this method 
may be noted by the renewed dropping of liquid from the funnel. The 
surface of the rubber may now be tightly pressed with a pestle or With the 
hand without fear of either breaking the filter paper beneath or of contam¬ 
inating the precipitate. 

I find that one can easily get a pressure equivalent to 745 mm. of mer¬ 
cury when the barometer stands at 760 mm., and that under such pressure 
a precipitate becomes as dry—or drier—than it would be if it were re¬ 
moved from the funnel, folded in cloth, and pressed in a “beef-juice” 
press. The sheet rubber can be easily washed and used repeatedly. 

Ross Aiken Gortnbr. 

Div ov Soils, Univ. Fakm, , 

St Paul, Minn. 


NEW BOOKS. 

Annual Tables of Constants and Numerical Data, Chemical, Physical and Technological. 

Published under the auspices of the International Association of Academies and 
under the direction of an international commission appointed by the VII Inter¬ 
national Congress of Applied Chemistry Volume III, for the year 1912, LII + 
595 PP Chicago University of Chicago Press, 1914. Price, paper, $6.40 net, $6.94 
postpaid; cloth bound, $7 20 net, $7.76 postpaid. 

The third volume of these indispensable tables exhibits several features 
not found in the previous volumes. In certain chapters alphabetical lists 
of substances for which data are recorded add to the. convenience of the 
tables. A general index of technical substances for the whole volume has 
also been added. For every five volumes it is proposed to publish a general 
index of all substances for which data of any kind are recorded. The 
following chapters of the present volume have been issued also in the form 
of separates; Spectroscopy, radioactivity, electricity, magnetism and 
electrochemistry, metallurgy and engineering, mineralogy, and biology. 
At the end of Volume III tables of errata for the first three volumes are 
presented. Attention may be called again to the importance of notifying 
the editor of errors in each volume. Postal cards for this purpose are 
bound with each volume. Every investigator should make it his duty to 
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verify the record of all data determined by him and to notify the editor 
of any errors which appear. 

The war in Europe can not fail to interfere with all international under¬ 
takings of the character of these tables and upon the countries not directly 
involved, and especially upon this country, will fall the duty of carrying 
on this work without interruption. The chemical and physical societies 
of American should increase as much as possible their financial support 
to this extremely important work and should take all necessary steps to 
prevent its interruption. It is to be hoped that the Secretary’s office 
will be removed as soon as possible to a neutral country whose mail service 
can be depended upon and that he will receive all the support, financial 
and otherwise, which the present crisis renders necessary. 

E. W. Washburn. 
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THE FREE ENERGY OF OXYGEN, HYDROGEN, AND THE 
OXIDES OF HYDROGEN. 1 

By Gilbert N Lewis and Merle Randall 
Received June 15 , 1914 

Elementary Oxygen. 2 

The standard state of oxygen will be gaseous oxygen at a pressure of 
one atmosphere. We might proceed from existing data to calculate the 
free energy of liquid and solid oxygen, but since the required data are still 
somewhat uncertain, and since these calculations must be pretty exact to 
be of value, we shall postpone the calculation of the free energy of oxygen 
and hydrogen in the liquid and solid state until further data are at hand. 

Oxygen unquestionably dissociates, at the high temperatures which are 
now available, into monatomic molecules, but, as yet, no quantitative 

1 This is the first of a series of papers in which the free energy of formation of the 
more important compounds will be calculated and tabulated. 

1 It is perhaps impossible to prepare such tables as these without permitting some 
errors to creep in, but every precaution which might serve to eliminate such errors 
has been taken; the experimental data have been most carefully scrutinized in order to 
determine not only the most probable value in each case, but also the order of magnitude 
of the possible error. As a rule, however, this estimate of error has been indicated only 
by the number of significant figures used. As a safeguard against error in computation 
every calculation has been carried on independently by the two authors. 
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measurements are at hand for the calculation of the free energy of this 
important reaction. 

3/2 Oj * 0 *.—The heat capacity of ozone has not been accurately de¬ 
termined. We shall, however, make no great error in assuming that the 
equation which holds for the two triatomic gases, 1 CO* and SOi, is applicable 
in this case also, namely: 

Oj; C* = 7.0 + 0.0071T — 0.00000186T 2 (1) 

from which we may subtract the heat capacity of 3/2 mols of oxygen from 
the equation 

O2; C* = 6.50 + o.ooioT, 

whence 

Ar = —2.75 + 0.Q056T — 0.00000186T 2 (2) 

and 2 

AH « AH 0 — 2.75T + 0.0028T 2 — o.oooooo62T* (3) 
The heat of this reaction has been determined by a number of investi¬ 
gators, who have obtained values for AH ranging from 23000 to 36000 
cal. These results are fully discussed in Ostwald’s “Lehrbuch.” We 
will take 34000 cal. as the most probable value. Hence 

AH «* 34600 — 2.75T + 0.0028T 2 — o.oooooo62T s (4) 

and 

AF* *= 34600 + 2.75T In T — 0.0028T* + 0.00000031^ + IT (5) 

The attempts to study the free energy of this reaction have achieved 
little success. The potential of the ozone electrode has been studied, 
especially by Luther and Inglis,* who obtained nearly reproducible po¬ 
tentials by means of a platinum electrode surrounded by ozone, but they 
were unable to determine definitely the nature of the electrode reaction, 
and, in fact, it was later shown by Luther 4 that, with an iridium electrode, 
values differing from those with the platinum electrode by as much as 
0.2 volt could be obtained. 

The numerous unsuccessful attempts to detect ozone in oxygen suddenly 
cooled from a high temperature were shown by Clement 5 to be due to 
the extremely rapid rate of decomposition of ozone even at comparatively 
low temperatures. Later Fischer and Braehmei* succeeded in obtaining 
ozone by heating a filament to about 2300° A under liquid oxygen. If 
we admit the validity of certain assumptions suggested by Fischer and 
Braehmer, which, however, at best could be only very roughly true, 

1 Lewis afjflVandall, This Journal, 34, 1128 (1912). 

• For a discussion of the fundamental equations and notation see Lewis, Ibid., 
35 » 1 (* 9 i 3 ). 

• Luther and Inglis, Z. physik. Chem 43, 203 (1903). 

4 Luther, Z. EUktrochem., xx, 832 (1905). 

• Clement, Ann. Physik [4] 14, 334 (1904). 

1 Fischer and Braehmer, Ber., 39, 940 (1906). 
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the oxygen at the temperature of the filament contained one mol per 
cent of ozone, whence K = poJ{pcS /% = o.oi ; and if R' is the gas con¬ 
stant in calories per degree, AF 0 M oo * —R'T In K = 21000 cals. Sub¬ 
stituting in (5) gives I - —22.4, whence AF 0 2 9 8 = 32400. 

It is, however, doubtful whether even the order of magnitude of the 
equilibrium constant between oxygen and ozone can be safely estimated 
from the data here employed. 

Elementary Hydrogen. 

We shall take ordinary gaseous hydrogen at a pressure of one atmosphere 
as the standard state. The only reaction, involving only elementary 
hydrogen, which we shall consider here is the very interesting reaction 
investigated by Langmuir. 1 

H 2 — 2H- Langmuir’s measurements of the equilibrium in this re¬ 
action between 2500 °A and 3300 °A depended upon a highly ingenious 
and novel method of calculation which is apparently correct in principle, 
but involves certain assumptions which his later work* have shown to be 
in some respects erroneous. In his first paper he calculated the heat of 
this reaction as —136000 cal., and the degree of dissociation of hydrogen 
at one atmosphere as 0.04 at 2500 °A. Dr, Langmuir has been kind enough 
to give us the results of a preliminary calculation of his new data, which 
give the degree of dissociation at 2500 °A as about 0.01, and the heat of 
the reaction as between —54000 and —75000 cal., the most probable 
value being m the neighborhood of —64000, which is the value obtained 
theoretically by Bohr 8 from his hypothesis concerning the structure of 
atoms. 

We know little concerning specific heats at these high temperatures, 
but shall assume, as at lower temperatures, 4 that 
H a ; C* * 6.5 + 0.0009T 
H; C # = 5.0 

Hence for the total increase in heat capacity 

AT * 3.5 — 0.0009T. (6) 

And, assuming AH«oo to be 64000, , 

AF° = 61000 — 3.5T In T + 0.00045T* + 20.2T, (7) 

where the value of I * 20.2 is obtained as follows: At 2500°A, if the 
pressure of H 2 is one atmosphere, and of H, 0.01 atmosphere, K *= 0.0001 
and AF°»oo = —R'T In K = 45800; and thence I * 20.2, and AF°m * 
61100. 

The determination of the dissociation of elementary gases into the 

1 Langmuir, This Journal, 34, 860 (19x2). - 

* Langmuir, Phil. Mag., 37, 188 (1914). 

* Bohr, Ibid., 26, 857 (1913). 

4 Lewis and Randall, This Journal, 34,1128 (19x2). 
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monatomic forms is of the greatest importance. If we could use as the 
standard state of each element its monatomic gas at standard pressure, 
this would probably be a most important step towards the theoretical 
calculation of the thermodynamically undetermined constants of chemical 
affinity. 

Hydrogen Ion. 

1 /%H s + © = H + . — Hydrogen ion in water is doubtless largely 
hydrated. While the hydronium ion OH* + is presumably less stable 
under similar circumstances than the corresponding ammonium ion 
NH4+, it probably exists in considerable amount, together with higher 
hydrates of hydrogen ion, in every aqueous acid solution. For the pur¬ 
pose of such thermodynamic calculations as we are about to make, it is 
justifiable to assume the simplest formula for hydrogen ion, namely, H + , 
and the formation of this ion in aqueous solution will be represented by 
the above equation. 

The value of AF° for this reaction will be understood to be the increase 
in free energy when one-half mol of hydrogen, at atmospheric pressure, 
and one equivalent of positive electricity disappear, and one mol of hydro¬ 
gen ion appears in aqueous solution at (hypothetical) molal concentra¬ 
tion. 1 Now, since it is impossible at present to determine the absolute 
free energy change in any such “half reaction,” it has seemed desirable 2 
to regard the normal free energy change of this particular half reaction as 
zero at all temperatures. 

ViHt + © * H+; AF° = o (all temperatures) (8) 

This is equivalent to the convention that for the normal electrode 
potential of hydrogen, 

E° « o (all temperatures) (9) 

Hydrogen and Calomel Electrodes. 

Since we are to take the normal potential of the hydrogen electrode as 
the arbitrary zero of single potential, and refer all other single potentials 
to it, it is desirable to know accurately the relation between this standard 
electrode and others which are in common use. The older work on the 
hydrogen electrode by Smale, Wilsmore and others 8 has been superseded 
by work of the last few years. We shall refer especially to the papers of 
Bjerrum, 4 Lorenz and B6hi, 6 Loomis and Acree, 8 and to an unpublished 

1 A solution iy said to be at (hypothetical) molal concentration with respect to 
hydrogen ion when the activity of hydrogen ion in this solution is n times as great as 
in a %/n M solution of hydrogen ion, where n is a large number. 

• Lewis, This Journal, 35, 25 Xi9i3). 

• See Wilsmore, Z. physik. Chem., 33* 291 (1900). 

4 Bjerrum, Ibid,, 53, 430 (1905). 

1 Lorenz and B6hi, Ibid,, 66, 733 (1909). 

• Loomis and Acree, Am. Chem. J 46, 385 (1911). 
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investigation of Lewis which was interrupted several years ago and has 
never been completed. However, a number of accurate measurements 
were made of the hydrogen potential at different temperatures and pres¬ 
sures, and in acid and alkaline solutions, and the results will be given here. 

The most important measurements for our purpose are those which 
have been made in 0.1M HC 1 against a calomel electrode in 0.1M KC 1 
or 0.1 M HC 1 . In the latter case there is no liquid potential. 

The cell H 2 , HC 1 (0.1M), KC 1 (0.1M), HgCl, Hg gives, according 
to Bjerrum, £ = 0.4270 volt at 25 °. At the same temperature Loomis 
and Acree find E = 0.4266. In order to compare these values with those 
obtained against the 0.1 M HC 1 calomel electrode it is necessary to know 
the e. m. f. of the cell Hg, HgCl, KC 1 (0.1M), HC 1 (o.iM), HgCl, Hg. 
If we assume, what is undoubtedly very nearly true, that the two single 
electrode potentials in this combination have the same value, 1 then the 
whole electromotive force of this cell is the potential between the liquids. 
This liquid potential calculated by the formula of Lewis and Sargent 
is —0.0284 volt. 2 Bjerrum 3 has studied the electromotive force of this 
combination and finds, as Lewis and Rupert also found, that the liquid 
potential changes with the time. He showed, moreover, that different 
values were obtained according to the way in which the contact between 
the two liquids was made. His best value was E = —0.0278 volt. The 
values obtained by Lewis for this combination were, however, near the 
theoretical value —0.0284 volt, and this is the value we shall adopt for 
the present. 4 

By adding together the values of E obtained for the two cells, we find 
for the combination H a> HC 1 (0.1M), HgCl, Hg; E * 0.3986 (Bjerrum), 
and 0.3982 (Loomis and Acree). Lewis found, as a mean of several direct 
determinations, 0.3987 at 25 °. 6 The mean of these values is E = 0.3985. 
In all of these cases the hydrogen was not at atmospheric pressure, but 
at one atmosphere less the pressure of water vapor at 25 °. We must, 

1 Lewis and Sargent, This Journal, 31, 363 (1909). 

1 See Lewis and Rupert, Ibid., 33, 299 (1911). The value obtained by the "un¬ 
modified formula of Planck, —0.0266, is unquestionably erroneous. 

* Bjerrum, Z. Electrochem., 17, 61 (1911). 

4 Since this paper was first written the hydrogen electrode potential has been very 
carefully investigated in this laboratory by Mr. Sebastian His work is to be published 
shortly. In the meantime we have rewritten certain sections of this paper in order to 
include some of his results. His value for the e. m. f. between calomel electrodes in 
0.1M KC 1 and 0.1 M HC 1 is identical with the value chosen above, —0.0284 

1 Loomis and Acree also measured this cell directly and obtained **0.4001, but 
they regarded these as preliminary measurements and we need give them no weight. 
Their discussion of the liquid potentials calculated by the formula of Lewis and Sargent 
is erroneous in that they have confused certain conductivity values at 18 0 with valuer 
at 25 °. 
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therefore, make a correction of the magnitude —=r In ^ where p is 

2 r p 

the actual pressure of the hydrogen in atmospheres and R is the gas 
constant in joules per degree. At a partial pressure of one atmosphere 
of hydrogen, therefore, E = 0.3985 + 0.0004 = 0.3989 volt. All these 
values were presumably obtained in terms of the old value of the standard 
Weston cell 1.0187 or 1.0186 at 20°. Using the new value 1.0183 lowers 
the value of E to 0.3988. 

The recent value of Sebastian is 0.3990, and we shall accept this as the 
final value. 

If we make the assumption, as before, that the actual potential of the 
calomel electrode is the same in 0.1 M HC 1 and 0.1 M KC 1 , then the same 
value of E holds for the combination 1 

Hj, HC 1 (0.1 M) || KC 1 ( 0.1M ), HgCl, Hg; E = 0.3990. (10) 

Numerous investigations in this laboratory have fixed the value of the 
e. m. f. between the decinormal and normal calomel electrode at 25 0 
as —0.0530 volt. This includes the liquid potential between 0.1 M KC 1 
and 1 M KC 1 , which cannot readily be calculated, owing to the change in 
the transference number of KC 1 with the concentration, and also to the fact 
that we have at present no method erf applying the laws of dilute solution 
to a solution of KC 1 as concentrated as molal. In most exact e. m. f. 
measurements where the normal electrode has been used, 0.1 M KC 1 has 
been introduced between the normal electrode and the other electrode, 
so that it is really not important to know the value of the liquid potential 
in question, since we may regard the whole combination Hg, HgCl, KC 1 
(dkf), KC 1 (o.i M) as the normal electrode. We shall hereafter call this 
the normal electrode and designate it by N.E., thus 

Hg, HgCl, KC 1 (o.iAf), N.E.; E - -0.0530 (n) 

Adding (10) and (u) gives 

H,, HC 1 (o.iAf) || N.E.; E - 0.3460. (12) 

At the time of writing the preceding sections it was believed that the 
normal electrode potential of hydrogen could be calculated from the 
potential in 0.1 M HC 1 with the desired accuracy, but the investigation 
of Lewis, 1 concerning the activity of univalent ions, showed that even 
in solutions as dilute as 0.1 AT the ion activity is in doubt by several per 
cent. For this reason, it seemed desirable to determine the hydrogen 
potential against more dilute solutions. This investigation, to which we 
have already referred, has been carried on by Mr. Sebastian, who has 
found for the cell 

1 The two vertical bars indicate here, and elsewhere, that die value given is ex¬ 
clusive of the liquid potential at the junction indicated. 

• Lewis, This Jouxnal, 34, 1631 (19x2). 
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H,, HC 1 (o.oiAf), KC 1 (0.01 M) t KC 1 (0.1M), N.E.; E ~ 0.4261. (13) 
Eliminating the liquid potentials 1 

HC 1 (0.01M), KC 1 (0.01M); E * 0.0274 (14) 

and 

KC 1 (0.01M), KC 1 (0.1 M)\ E = 0.0007 ’ (15) 

we find 

H 2 , HC 1 (0.01M) || N.E.; E = 0.3980 (16) 

According to the calculations of Lewis 2 the corrected degree of dissocia¬ 
tion of 0.01 M HC 1 would be the same as for 0.01M KC 1 , namely, 0.92 
(which is 2% less than A/A 0 for 0.01M KC 1 ). 

We are now able to calculate the difference between the hydrogen 
electrode potential in 0.01M HC 1 and in hypothetical molal H + . From 
the formula 

E = 0.05915 log (1/0.0092) = 0.1204 

we find 

H 2 , HC 1 (0.01M) || H» (A/), II a ; r E = 0.1204 (17) 

and combining with (16) gives 

N.E. || H+ (AT), H 2 ; E = —0.2776. (18) 

Since the normal hydrogen electrode is the standard the potential of 
the normal calomel electrode is — 0,2776 v. 

Effect of Pressure and Temperature on the Hydrogen Electrode Potential .— 
In order to make sure that the hydrogen electrode actually operates in 
a reversible ipanner it is important to test the effect of both temperature 
and pressure upon the electromotive force. We have given above the 
equation for the effect of a change of the partial pressure of the hydrogen 
on its electrode potential. This effect was studied experimentally by 
Lewis, who raised the hydrogen pressure by allowing the gas which passed 
through the cell to escape through a column of water of varying height 
The results are given in Table I, in which the absolute magnitude of the 
electromotive force has no significance but only its variation with the 
pressure.* The first line gives the excess pressure in centimeters of water, 
the second the measured electromotive force, the 4 third the calculated 
electromotive force, using the first measurement as a basis. 4 The observed 
and calculated values agree to about 0,00001 v. 

1 We have assumed here and in the previous calculation the conductance values 
given by Bray and Hunt (This Journal, 33, 781 (191T)), for HC1, A(o.iJ/) « 390 41 
A(o.oiAf) - 411.6; for KC 1 , A(o.iM) * 129.0, A(o.oi M) « 141.4. The average 
transference number of K+ in KC1 between o 1 M and 0.0 iM has been taken as 0.494* 

* Lewis, This Journal, 34, 1631 (1912). 

* This cell was of the same type as thos 4 previously discussed but with a somewhat 
different hydrochloric add concentration. 

♦This series of experiments occupied four hours. In the last experiment the 
pressure was released too suddenly, driving the liquid in the cell below the electrode* 
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Hg, HgCl, KC1 (o.rM), N.E.; - -0.00021 (21) 

Combining (19), (20) and (21) gives 

H*, HC 1 (o.iAf) || N.E.; dE/dT ** 0.00167 — 0.00000580T. (22) 
From equations (12) and (18) we find 

Hi, HC 1 (0.1 Af) || H+ (Af), H 2 ; E = 0.0684. (23) 

We may assume without serious error that the electromotive force of 
this cell is proportional to the absolute temperature. Therefore, 

H,, HC 1 (0.1 M) || 11 + (Af), H s ; dE/dT = 0.00023. (24) 

Combining (22) and (24) gives 

N.E. || H + (Af), H s ; dE/dl s = —0.00144 + 0.00000580T. (25) 
This is the temperature coefficient of the potential of the normal calomel 
electrode, since the potential of the normal hydrogen electrode is zero 
at all temperatures. It is very desirable that this important tempera 
ture coefficient be further investigated. 

Hydroxide Ion. 

The determination of the free energy of formation of hydroxide ion 
is involved with the determination of the free energy of formation of water 
and the free energy of ionization of water. We shall consider the latter 
process first. 

HiP ( l ) = H+ + 0 H ~.—The difference between the potential pf hydro¬ 
gen in acid and alkaline solutions ogives the most accurate means of de¬ 
termining the ionization constant of water. Accurate measurements of 
such cells have been made by Lorenz and Bohi 1 and by Lewis. 2 Lewis 
measured the cell: H 2 , KOH (o.iAf), KC 1 (o.iAf), HgCl, Hg, and found 
E * 1.0836 at 25 °, and E = 1.0799 at l8 °- Corrected to the new value 
of the International Volt these values become E = 1.0833 at 25 0 and E = 
1.0796 at 18°. The liquid potential KOH (o.iAf), KC 1 (o.iAf), calcu¬ 
lated by the formula of Lewis and Sargent,® is 0.0165 at 25 0 and 0.0161 
at 18°. Hence we find 
H*, KOH (o.iAf) || (KC 1 (0.1 Af), HgCl, Hg; 

E = 1.0998 (25°), 1.0957 (18°). (26) , 

We have previously found 

H*, HC 1 (o.iAf) || KC 1 (o.iAf), HgCl, Hg; 

E * 0.3990 (25 °); 0.3978 (18 °) (27) 

the value at i8 f being obtained from the temperature coefficient given. 
Hence 

1 Lorenz and B6hi, Z. physik . Chem., 66, 733 (1909). 

* This is the same unpublished investigation which has been previously referred to 

* We have used at 25° for KC 1 , as before, A (01M) = 129 o, A (0.01 M) ~ 141 4; 
for KOH some preliminary measurements give A (o.iAf) « 245, A (0.01 Af) « 256; 
at 18 0 fyr KC 1 A (0.1 if) = 112.0, for KOH A (0.1 if) = 213 (Kohlrausch). 
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H*, KOH (o iM) || HC1 (o r M), H 2 , 

E * 07008 (2s 0 ), 06979 (18 0 ), (28) 
Lorenz and Bohi measured directly at several temperatures the cell 
H 2 , KOH (o iAT), KC 1 (o 1 M), IIC 1 (o 1 Af), H 2 

E * 06560(25°), 06531 (18 0 ) (29) 

Excluding liquid potentials (-00284 and —00165 at 25°, and -00286 
and —00161 at 18°) wc find for (28) E = 07009 (25°) 06978 (18 0 ) 
The agreement between these values and those obtained by Lewis is 
surprisingly good 1 Hit former should, perhaps, be reduced one- or 
two tenths of a millivolt, owing to the change in the Intelpational Volt 


We may take the mean as o 7008 at 25°, and o 6978 at 18 0 
The recent measurements of Sebastian give at 25° 

II 2 , KOH (o 1 Af), KC 1 (o 1A/), N E E = 1 0303 (30) 

H 2 , KOH (o oiAf), KC 1 (o 01 M ), KC 1 (o iM), N E , E - o 9761 (31) 

The liquid potentials are —o 0165 m the first cell, and —o 0152 and o 0007 
(Equation 15) m the second cell Hence 

Ho, KOH (o lAf) || N E , E - 1 0468 (32) 

H , KOH (o 01M) || N E , E = o 9906 (33) 

Combining these equations respeetively with (12) and (16) 

H„, KOH (o lAf) || HC 1 (o 1 A/), H 2 , E = o 7008 (34) 

H 2 , KOH (001 M) || HC 1 (o 01 Af), H 2 E = o 5926 (35) 


The value at o iAf is identical with the result obtained above from the 
work of Lorenz and B0I11, and of Lewis It is to be noted that, if there 
is any error in the value of the liquid potential between KOH and KC 1 , 
it affects equally the results of the several observers 

From (35) we are now m a position to calculate the ionization constant 
of water for E — o 5926 = o 05915 log (ai^), where ai/a 2 is the ratio of 
the activity or of the corrected concentration of H 1 mo 01M IIC 1 and in 
ooiAf KOH Hence a\ 'ai — 1 043 X io 10 Now we will take as before 
the corrected concentration of H + in ooiAf HC 1 as 00092 and take the 
same value for the corrected concentration of OH~ f in o oiAf KOH The 
ionization constant of water (H+)(OII“) we mav call Ky,, hence 
K,*, o 0092 

o 0092 1 043 X io 10 

whence K w = 081 X io~ 14 at 25° 

This result is probably correct within 2 t / ( , the chief source of error enter¬ 
ing in the estimation of the corrected degree of ionization of 001 M KOH 
1 It is perhaps worth while to point out th&t the values of Lorenr and Bohi and 
of Lewis were entirely independent the latter although unpublished were presented at 
the Baltimore meeting of the American Chemical Society in 1908 Those of Lorenz 
and Bohi were published in 1909 
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And HC 1 . The final value obtained by Heydweiller 1 from the conduc¬ 
tivity of the purest water obtainable was 1.04 X io~ 14 . All other methods 
which have been used for determining this important quantity have been 
subject to errors of at least 15 or 20%, owing to methods of calculation 
alone. 

For the ionization of water we have from the measurements of Thomsen 
at i8°, AH * 13730 and Ar is about —44, whence AH 0 = 26540 and 

H, 0 (/) - H+ + OH-; AF° m * — R'T In K w - 19235.* (36) 
AF° « 26540 + 44T In T — 275.19T. (37) 

This equation gives K* = 0.466 X io~ 14 at 18°, and 0.093 X 10“ 14 at o°. 

l /A + x /tHt + © * 0 H~.—In order to obtain the free energy of 
this reaction it is necessary to know the free energy of formation of liquid 
water from its elements. In making this series of calculations we have 
attempted to avoid reference forward, but in this case we shall assume 
the equation (53) which will be obtained in a later section of this paper, 
namely, 

H, + V2O2 - H 2 0 (/); AF° 298 - -56620. 

Now combining this equation with (8) and (36) gives 

VA + V2H2 + © - oh-, af ° 298 * —37385. ( 38 ) 

7 A + Va#jO + © = 0 H ~.—The free energy of this reaction gives 
us the normal potential of the oxygen electrode. From (37) and (38) 
AF° 29 R « — 9075 ; E °298 = — 0.3933 V. 8 (39) 

Water. 

//a + VA = HaO (gas*).—The existing data on the heat of formation 
of liquid water have been summarized by Lewis 4 and shown to be very 
concordant. The mean value is 68470 at o°. The heat of vaporization 
of water at ioo° has recently been the subject of careful research. Richards 
and Matthews 4 obtained the value 538.1 cals, per gram of water. A. W. 
Smith* has reviewed his earlier work upon this subject with extraordinary 
care and finds the value 540.7 cals. We will adopt the value 540.0 or 
9730 cals, per mol. Taking 8.4 and 18.0 as the average molal heat ca- 

1 Heydweiller, Ann. Physik , 28, 503 (1909). 

* The absolute temperature corresponding to 25 0 is not 298 but approximately 
298.1. Wherever^the experimental data are sufficiently accurate to warrant the dis¬ 
tinction AF 3 m will mean the energy change at 25 0 «* 298.1 A 

• It may be well to recall here the convention regarding the sign of E. The general 

equation is AF ».— #»EF* where n is the number of equivalents of positive electricity 
appearing on the left side- Af fttt chemical equation In the present case, therefore, 
n m —1. ' p 

4 Lewis, This 1390 (1906). 

9 Richards and M ay g ifa JProc . Amer. Acad , 46, 511 (1911). 

9 A W. Smith, 173 (19*1). 
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padties of water vapor and liquid water between o° and 100 °, the heat 
of vaporization at o° becomes 10690 Combining this with the heat 
of formation of liquid water we find for the heat content of water vapor, 
H 2 7 s = —57780 cals We have for the heat capacities of the other gases 


hence 

and 


HsO, C p = 8 8l -O 0019 f 4* O 00000222'f 2 

H2, = 6 5 -b o 0009T 

VO2, L p = 325 f 00005T 

AF — 094 o 003 3T + o tx>000222'! (40) 

AH = AH 0 ~ o 94I 000165'! 2 + 000000074'! { (41) 


Substituting the above value for AH 7 in tins equation, 


AH 0 = 57410 cals , 


and oui free energy equation is 

AF° - 574104 094r I11 T +000165 1 o 00000037T 8 f II (42) 

For deterniining the value of I in the above equation several dneet 
determinations oi the dissociation ol water vapor at high temperatures 
are available Neinst and von Wartenberg 1 were the first to investigate 
this important equilibrium, and later measurements by different methods 
were made by Lowenstein, 2 von Wartenberg 1 and Langmuir 4 The 
measurements of Holt 0 were obviously lacking in self-consistency and 
can be given no weight r The results obtained by these investigators 
are given m Table III The first column indicates the names of the m 
vestigators, the second the absolute temperature, the third the measured 
percentage dissociation, and the fourth the equilibrium constant K* *= 
[HsOl/tHsHOs] 1 /*, where the brackets indicate the pressure of the gases 
in question 

From each of these values ot K p we may determine a value for I Thus, 
the measurements of Nemst and von Wartenberg give 1 = 3 81, 3 91, 
3 67, respectively, average 3 81 Langmuir s values lead to the average 
value I = 3 55, with about the same mean deviation Lowenstein’s 
results show greater var ation and lead to the average value I = 371, 
while von Wartenberg’s two measurements at the highest temperatures 

1 Nernst and von Wartenberg, Z phystk Chm 54, 715 (190$) 

* Lbwenstein. Ibid , 54, 715 (1905) 

1 von Wartenburg, Ibtd , 56, 513 (1906) 

1 Langmuir, This Journal, 26, 1357 (1906) 

‘ Holt, Pktl Mag, [6] 13, 630 (1907) 

1 In a case of this kind where a large number of data for a given equilibrium at 
different temperatures are available, a very good idea of the consistency of the various 
determinations may be obtained by plotting log K* against j/T 
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T Per ccnU dkaoc. Kp. 

Lot*, 

8 


j 1397 

0 0078 2 05 x io® 

6 312 

Nernst and von Wartenberg 


j 1480 

0 0184 5.66 X 10® 

5 733 



( 1S61 

0 0340 2 26 X 10® 

5 354 



[ 1705 

0 0326 23 X 10 4 

4 362 

bowenstein 


1783 

1 1863 

0 0778 1 82 x io 4 

0 211 6 70 X io 3 

4 260 
3 826 



1968 

0 373 3 79 X 10 1 

3 579 

von Wartenberg 


1 2257 

1 18 1 094 X io 3 

1 77 0 590 X io 1 

3 039 
2 771 



1325 

0 00325 7 65 X io 6 

6.884 



1354 

0 0049 4 13 X 10® 

6 616 



1393 

0 oo6q 2 47 X 10® 

6 393 

Langmuir 


1433 

0 0103 1 35 X io® 

6 129 


1455 

0 0142 8 35 X io® 

5 922 



1474 

0 0141 8 45 X io 6 

5 927 



I 53 i 

0.0255 3 47 X 10® 

5 540 



1550 

0 0287 2 91 X 10® 

5 464 

give 3.67 and 3.57, average 3.62. 

We may 

take as the weighted 

mean 1 


of all these results I - 3.66. Substituting this value of I in our equation 
we find 

AF°„8 = —54590 (43) 

We shall not, however, regard these values of AF°, 9 8 and of 1 as final, 
since there are other important methods of determining the free energy 
of formation of water still to be considered. 

#i 0 (g) 38 —The free energy of formation of liquid water from 

gaseous water may be obtained from the vapor pressure. According to 
Scheel and Heuse 2 the vapor pressure of water at 25 ° is 23.8/760 atms. 
Assuming that water vapor at this temperature and pressure is sufficiently 
near to a perfect gas, 

AF°a»s = -R'T In = -2053 (44) 

23.8 

#2 4 * V2O2 = H 2 0 (l).—Combining (43) and (44) gives 
AF°m = —56640 cals. 

We shall not accept this as the final value but proceed to the discussion 

of the other methods of determining this quantity. 

• • 

1 We have not included in this calculation measurements of the electromotive 
force of the oxygen, hydrogen, water vapor cell by Haber and his students. These 
experiments, although not capable of being carried out with the same accuracy as the 
equilibrium measurements, furnish a further important check upon the correctness of 
the results obtained by the latter methods. 

* Scheel and Heuse, tftim, Physik , [4} 31, 713 (1910). See also the very recent 
determination of Derby, jpankls and Gutsche, Tms Journal, 36, 793 (1914). 
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Tfo Free Energy of Water from the Dissociation of Stiver Oxide —From 
measurements at higher temperatures, Lewis 1 calculated the decomposi¬ 
tion pressure of silver oxide at 2s 0 to be 5 X 10“ 4 , whence we calculate 
2Ag + V2O2 = Ag 2 0 , AF°2fl 8 = -2250 (45) 

According to the measurements of Bottger, silver oxide is in equilibrium 
with water containing Ag“* and OH at 14 X io~ 4 M 1 Assuming that, 
at this concentration, the activity of the 10ns is proportional to their 
concentration, 

Ag 2 0 -j- ILO = 2Ag*^ * 4 “ 2OII”’ AF°208 — 21040 (46) 

Finally \se need for this calculation the free cnugy of formation of 
Ag+ The cell Ag, AgNO<, (o iM), KNO* (o 1 M) % KC 1 (o 1 M), HgCl, 
Hg was investigated by Lewis 3 who found E 2 o8 = —o 399 No>es and 

Brann 4 have studied this same cell more recently and find E = —o 3992 
Eliminating the liquid potentials (—o 0025, +0 0018) and referring to the 
normal electrode by (11) 

Ag, AgNOa (o 1 M) || N E , E = —0451s (47) 

There is no way of calculating directly from existing data the activity or 
the corrected concentration of o iM AgN 0 8 But, if we assume that the 
properties of silver nitrate are approximately the same as those of the 
analogous thallous nitrate, we may estimate this quantity Noyes' 1 
found that the lowering of the solubility of T 1 C 1 by KC 1 (01 M) and 
riNCL (o iM) indicated a concentration of T 1 + 10% less than the concen 
tration of K + Lewis 0 showed by a combination of conductivity and 
transference data the degree of dissociation of TINOi and AgNOa to be 
8% less than that of KC 1 at this concentration Taking the corrected 
concentration of K + in KC 1 (o 1 M) as o 074 we will therefore, conclude 
that that of Ag+ in AgNOa (o 1 M) is o 067 Hence 

Ag, Ag+ (Af) || AgNOa (01 M) Ag, E = —00694 (48) 

From (47), (48) and (18) we therefore find for the potential of silver 
against (hypothetical) molal silver ion 

Ag, Ag+ (M) || H+ (M), H,, E° 298 = -o 7985 (49) 

and 

Ag + H+ = V2H2 + Ag+, AF°sb8 * 18424 (50) 

We may now combine 7 (45), (46), (50) and (36), namely, 

1 Lewis This Journai 38, 139 (1906) 

2 Lewis, The Potential of the Oxygen Electrode, Ibid 38, 164 (1906) 

* Lewis Ibid 28, 107 (1906) 

1 Noyes and Brann, Ibtd 34, 1026 (1912) 

1 Noyes Z phystk Chern 9, 603 (1892) 

•Lewis This Journal 34, 1641 (1912) 

7 The last three of the four equations used above may be combined to give the 
equation Ag *0 + Ha « HjO -f 2Ag In place of the laborious and perhaps somewhat 
doubtful calculations used in these three reactions, a determination of the c m f of 
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aAg + 7 * 0 * 

m Ag,Q; 

AF°m * - 

— 2250 

A *0 + Htf> 

- 2Ag+ + 2OH-; 

AF°,w * 

21040 

aAg+ + H, 

* 2H + + tAg; 

AF° m * • 

—36848 

2OH- + 2H+ 

- aH, 0 ; 

AF°„, * ■ 

-38470. 


Adding we find 

H 2 + 7 , 0 , = HiO(i); AF°j»s - —56530. 

77 # Free Energy of Formation of Water from the Dissociation of Mercuric 
Oxide .—Another similar calculation has befen made by Bronsted 1 from the 
dissociation pressure of mercuric oxide, measured by P 61 abon, and from 
his own measurements of the e. m. f. of the cell, H,, NaOH (aq), HgO, 
Hg, which is independent of the concentration of NaOH, provided that 
this is not great enough to lower materially the activity of the water in 
which it is dissolved. Bronsted found for this cell (H, at one atmosphere), 
Eim » 0.9368, hence, 

H* + HgO *= H, 0 (/) + Hg(/); AF°„ 8 = -42770. • (51) 

Taylor and Hulett 8 have just redetermined the dissociation pressure 
of HgO. From their measurements it appears that at the boiling point 
of mercury, 357 °, the oxide is in equilibrium with the gas which it pro¬ 
duces, when the total pressure is 86 mm. Now one-third of this gas is 
oxygen and two-thirds mercury. Reducing pressures to atmospheres we 
find K * [Hg][ 0 ,] l/ * =]o.oi46. At this temperature liquid mercury is in 
equilibrium with its vapor at 1 atm., therefore, AF° W o = —R'TlnK = 5290 
is also the free energy change for the reaction HgO — Hg(/) + ViO*. 

The heat of this reaction was found by Varet 3 as —21,500 and by 
Brdnsted as —21700 cals. We may take the average AH = 21600. 
The change in heat capacity in this reaction is zero, within the limits of 
accuracy of existing data, and AF° = 21600 + IT, hence, from the above 
value of AF° W0 , I = —25.9 and 

HgO - Hg(/) + 7 , 0 ,; AF°,„ - 13880. (52) 

Combining (51) and (52) gives 

H, + VtO, - H,Q(/); AF°,„ - —56650. 

Final Value for the Free Energy of Water and the Electromotive Force 
of the Hydrogen Oxygen Cell. —We have found above three independent 
and extraordinarily concordant values for the free energy of formation 
of liquid water at 25 °, namely, —56640, from the measurements of Nernst 
the cell Ag, AgsO* NaOH, H* should give the desired result. Luther and Pokorny' 
l Z . anorg Chcnt , 57, 290 (1908)) have measured this cell at 25° and found B «- 1 172 
This would give for the free energy of liquid water —56335. Their measurements, 
however, were only certain to within a few millivolts and we shall prefer for the present 
the calculations which we have used above. 

1 BrOnsted, Z. physik. Chmn., 65, 84 and 744 (1909). 

* Taylor and Hulett, J. Phys. Cfum 17, 565 (1913). 

•Varet, Ann. ck$m. pkys., [7] 8, 100 (1896). 
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and von Wartenberg, of Ldwenstein, and of Langmuir; —56530 from 
the measurements of Lewis; —56650 from the measurements of Bronsted 
and of Taylor and Hulett. These values correspond to 1.2275, 1*2250, 
and 1.2276 volts for the electromotive force of the hydrogen-oxygen cell. 
We may take, as a kind of weighted mean , 1.2270 v. The corresponding 
average of the free energy values is 

H 2 4 V2O2 = H 2 0 (/); AF °298 — —56620. (53) 

The heat capacity of water is not constant, nor can it be expressed as 
a linear function of the temperature. However, over the range from o° 
to 300 °, which alone is of practical importance, we may, with sufficient 
accuracy, regard the value of Ar as constant and equal to 8.0'. We have 
seen that for this reaction AH 2 78 = —68470, whence, 

AF° = —70650 — 8.0T In T + 92.64T. (54) 

Combining (44) and (53) gives 

# H 2 + 7 * 0 * = H* 0 (g); AF° 298 - — 54567 , ( 55 ) 

and redetermining the value of I for this reaction in (42) we find 
AF° = —57410 4- 0.94T In T 4 0.00165T 2 — 0.00000037T 3 4 3.72T. (56) 


H 2 0 (s) = H 2 0 (l ).—Instead of determining the general equation for 
the free energy of formation of ice it will be more convenient to obtain 
a simpler equation for the free energy of fusion of ice, valid over a small 
range of temperature. The best value for the heat of fusion is 79.7 cals, 
per gram, or 1436 cals, per mol. 1 The difference between the heat ca¬ 
pacities of water and ice is neither constant nor accurately known. In 
the neighborhood of the freezing point we may take this difference as 
9.0, and since the free energy of fusion is zero at o°, we find 2 


H 2 0 (s) = H* 0 (/); AF°298 = —141.6 


AF° = —1022 — 9.0T In T 4 54.230T. (57) 

H% 4 7*02 = HtOis). —Combining with (53) gives AF° 2 9 8 = —56478. 


1 A W. Smith, Phys. Rev., 17, 193 (1903); Roth, Z. physik. Chem., 63, 442 (1908). 
It is interesting to note that the value now accepted for the heat of fusion of ice is iden¬ 
tical with the value 79.7 obtained by Black in 1762 

* In order to use such an equation as (57) over a small rcftige from a melting point 
or a transition point with the accuracy justified by experiments, it is necessary to use 
7 or 8-place logarithm tables in many cases. In order to avoid this we may substitute 
in such an equation as (57), 0 -M for T, where t is the temperature above the transition 
temperature 0. Expanding the various terms and neglecting all terms of higher order 
than t l gives 


AF - — - 


**. 


AH# AT fi Ar 

0 20 60 * 

In this particular case 0 is 273.x 0 and % is the centigrade temperature, 
the numerical values. 


( 58 ) 

Substituting 


AF - —5.2 6t — 0.0165** 4 0.00002* 1 . (59) 

This equation will be found especially useful in determining the free energy of solutions 
from freezing point data. 
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Hydrogen Peroxide. 

The oxidizing potential of an oxygen electrode is diminished by the addi¬ 
tion of hydrogen peroxide. Measurements 1 of such an electrode potential 
have been supposed to give material for the calculation of the free energy 
of hydrogen peroxide, but in this case, as in the case of ozone, there is no 
satisfactory evidence that the electromotive force is due to a single definite 
reversible reaction. 

Traube 4 obtained a yield of 0.74% of H 2 0 2 by directing an oxyhydrogen 
flame against water. The temperature of the flame was probably between 
2000° and 3000 °, but it is obviously impossible to obtain any quantitative 
estimate of the free energy of formation of hydrogen peroxide from this 
observation. We shall obtain a moderately accurate solution of this 
problem by considering the dissociation pressure of barium peroxide* 
and the equilibrium between barium peroxide hydrate and water. 

BaO + 7 * 0 * = BaOi. —According to Berthelot, AH* tt i = —17200. 
The later measurements of de Forcrand 3 give AH = —18400. We will 
use the value —18000. The change in heat capacity in this reaction is 
small and will be neglected. Hence 

AF° « —18000 + IT. (60) 

We may calculate the value of I from the dissociation pressures given 
by Le Chatelier. 4 Except at the lower temperatures, his pressures lead 
to a constant value of I, namely, 16.8, whence AF° 2 *8 = —13000. 

Hildebrand 4 made a careful investigation of the dissociation of barium 
peroxide and found that the reaction did not occur except in the presence 
of water (and, therefore, barium hydroxide) as catalyzer. His results 
apparently indicated a considerable mutual solubility of BaO in BaO*,. 
but an inspection of his curves makes it seem equally probable that the 
Ba(OH)* was largely responsible for the phenomena which he attributed 
to solid solution, and that in his univariant system the BaO and BaO* 
behave as nearly pure substances. We shall, therefore, calculate I di¬ 
rectly from Hildebrand’s several oxygen pressures and obtain very constant 
results, average I *= 16.1, whence we find as final value 

BaO + VsO* = BaO*; AF°* m = —13*00 (61) 

BaOvioH *0 * BaO* + ioif* 0 (g).—In the presence of water at ordinary 
temperatures, BaO* forms a hydrate, which, according to the work of de 
Forcrand, 4 is BaO*.ioH* 0 . In order to complete the necessary free energy 

1 Haber and (Srinberg, Z. anorg. Chem., 18, 37 (1898); Haber, Z. Elektrochem 7, 
441, 1043 (1901); Nemst, Z. phystk. Chem., 46, 720 (1903). % 

* Traube, Ber., 18, 1890 (1885). 

* de Forcrand, Ann chim . phys., [8] 15, 433 (1908). 

4 Le Chatelier, Gompt. rend., X15, 654 (1892) 

1 Hildebrand, This Journal, 34, 246 (1912) 

* de Forcrand, Compt. rend., 130, 778, 834 (1900). 
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equations we have, therefore, measured the pressure of water vapor over 
a mixture of BaOa and Ba0*.ioH 2 0. The measurements were made 
with a differential mercury manometer so arranged that either limb could 
be exhausted at will. The vapor pressure proved to be only slightly less 
than that of pure water. The mean results of several determinations 
were 15 mm. at 22 °, 18.6 mm. at 25 °, 28.3 mm. at 31 0 . Hence 

AF °298 = 22000. 

Hs 0 2 (aq ) = H+ + H 0 %~.—Hydrogen peroxide in aqueous solution 
is a weak add. Joyner 1 found its ionization constant to be K = o 67 X 
io~ 12 at o°, and K = 2.4 X 10“ 18 at 25°. Hence 

AF°27S « 15*220; AF°298 = 15860. (63) 

H2O2 (aq) + 0 H~ = HOr + H 2 0 .—When hydrogen peroxide combines 
with an alkali it is merely a matter of preference whether we regard H2O2 
as an acid forming a salt with the alkali, or consider that the H 2 0 2 forms 
a complex with 0 H“ according to the reaction OH~ + H 2 0 2 = H 3 0 8 “. 
This last ion differs only in hydration from HO«f, and the equation may 
equally well be written as above. The equilibrium constant of this reaction 
(H 0 2 ~)/( 0 H~)(H 2 0 2 ) is obtained by dividing the above values of K by 
K w obtained from (36). Hence 

Kira = 720, K 2B8 = 300. 

BaOt.ioHiO « Ba++ + 20H~ + HA (aq) + 8 H 0 .—'We have at¬ 
tempted to determine the equilibrium corresponding to this reaction, 
when the hydrated barium peroxide is shaken up with water. Unfortu¬ 
nately the solution of the peroxide hydrate, notwithstanding the large sur¬ 
face exposed, is very slow, and the rate of decomposition of hydrogen per¬ 
oxide in alkaline solution is appreciable. In order to obviate these diffi¬ 
culties as far as possible, the mixture was vigorously stirred in a bath at 
o°. The analysis of the resulting solutions is given in Table IV (Experi¬ 
ments 8 and 9). The equilibrium was also approached from the other side. 
Solutions of Ba(OH) 2 and H 2 0 2 were mixed and stirred in the absence of 

Table IV. 



lime 

Ba(OH)t 

H| 0 » 


Hour* 

Millimole per 1 

Millimole per 1 

I 

5 

2 68 

5 44 

2 

8 

2 74 

5 36 

3 . 

6 

2 78 

2 06 

4 

5 

107 o 

<0 05 

5 • 

7 

2 66 

5 36 

6 

7 

3 29 

12 50 

7 

6 

2 98 

8 60 

8 

6 

2 87 

1 56 

9 . 

. . 24 

6 38 

0 20 


1 Joyner, Z anorg Chern, 77, 103 (1912) 
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carbon dioxide and the resulting solutions were filtered by forcing the 
solution through an asbestos filter, and analyzed (Experiments 1-7). 
Table IV gives the results of the analyses. 

At the time when these measurements were made it was not possible 
to interpret them, but the recent determination by Joyner of the ioniza¬ 
tion constant of H2O3, to which we have already referred, enables us to 
calculate the concentrations of the various constituents of the solution 
which we analyzed. We have seen in a previous section that at o°, 
(HOs~)/(HtOt)(OH~) = 720. Assuming that the activity of the ions 
in these pretty dilute solutions is proportional to the concentrations as 
ordinarily determined by conductance measurements, and taking the de¬ 
gree of ionization of Ba(OH) 2 and of Ba(H 0 2 ) 2 as 0.86 when the barium 
concentration is 0.06M, and 0.90 at 0.0027 M, and solving by a series of 
approximations, 1 we find the concentrations in millimols per liter of the 
various constituents as given in Table V. 

Table V 



(B»++) 

(HOT*) 

(OH") 

(HtOi) 

K X low 

I 

2 41 

2 94 

i 88 

2 17 

18 5 

2 

2 47 

2 96 

1 97 

2 07 

19 8 

3 

2 50 

I 38 

3 62 

O 52 

17 1 

5 

2 40 

2 90 

I 89 

2 I 4 

18 4 

6 

2 95 

4 93 

0 97 

7 02 

19 5 

7 

2 68 

4 OI 

I 35 

4 15 

20 3 

8 

2 58 

1 08 

4 08 

0 36 

15 5 

9 

5 50 

0 15 

10 80 

0 02 

13 0 


The equilibrium constant K * (Ba++)( 0 H~) 2 (H 2 0 2 ) is given in the last 
column. The constancy of this product is far better than could have 
been anticipated. The calculation is necessarily such as to magnify 
greatly the experimental errors, and this is especially true in Experiments 
3, 8, and 9, where the H* 0 2 was nearly all combined. Excluding these 
three measurements the average is K*ts ■* 19.3 X ior lt . 

From the thermochemical investigations of de Forcrand, we find for 
the above reaction AH *= 23700, and applying the Van’t Hoff equation 
Km “ 748 X 10- 10 , whence 
BaO|.ioH ,0 - Ba++ + OH" + 

H*Oj(aq) + 8 H* 0 ; AF°m * 1*450* (64) 

BaO + H&( 1 ) ** Ba+ + + 2OH -.—In order to determine the free en¬ 
ergy of formation of hydrogen peroxide from the preceding equations it 
remains to determine the free energy of solution of barium oxide. An 
inspection of the literature seems to show the availability of two different 

1 The equations used in this calculation are s(Ba* H ') — (HOT*) 4 * (OH"), 2 (H| 0 |) 
• (HtOt) + (HOi")/a, where a is the degree of ionization of Ba(OH) s or Ba(HO*)i, 
and (HOr)/[(HiO*)(OH-)] - 720. 



FREE ENERGY OF OXYGEN, HYDROGEN, ETC. 1989* 

methods for making this calculation from existing data. First, we might 
combine the following equations: 


BaO + CO, “ BaCO, 

(a) 

BaCO, = Ba++ + CO,"" 

(b) 

2H+ + CO,— = H,CO,(aq) 

(c) 

H,CO,(aq) = H ,0 + CO, 

(d) 

2H,0 = 2H+ + 2OH- 

w 


The free energy of reaction (a) at 25 0 has been calculated by Johnston 1 
from the experiments of Finkelstein;* that of (6) may be obtained from 
the solubility of BaC 0 8 ; (c) from the hydrolysis of Na*COs and NaHCOj; 
(d) from the solubility of carbon dioxide; and (e) from results already ob¬ 
tained in this paper. Unfortunately we find by referring to the original 
paper of Finkelstein that his dissociation pressures are not obtained from 
a system containing the two solids, BaO and BaC 0 8 , but from one involving 
a liquid mixture of these two substances, and it is impossible from his 
data to determine the free energy of reaction (a). 

The second method consists in the combination of the followinge quations: 


Ba( 0 H) 2 . 8 H 3 0 - Ba++ + 20H~ + 8 H, 0 (/) (/) 

Ba( 0 H) 2 H 2 0 + 7 H 2 0 (g) - Ba( 0 H) 2 . 8 H 2 0 (g) 

Ba(OH) 2 + H 2 0 (g) = Ba( 0 H) 2 H 2 0 (h) 

BaO + H 2 0 (g) * Ba(OH) 2 (i) 

9 H 2 0 (/) = 9 H 2 0 (g) (/) 


(/) The solubility of barium hydroxide octahydrate in water at p° 
is almost exactly o.iAf. 8 Now, from a consideration of the freezing-point 
lowering of several uni-bivalent salts, we find, by the method used by Lewis, 4 
that the increase in free energy from a o.iilf solution to one in which each 
ion is in hypothetical molal concentration is about 3610 cals. This then 
is AF°27 s for the above reaction. The heat of solution according to de For- 
crand is —14500, whence AF° 2 9 8 ** 2610. 

(g) From the vapor pressures at different temperatures over a mixture 
of Ba( 0 H) 2 . 8 H 2 0 and Ba( 0 H) 2 H 2 0 measured by Lescoeur 6 we find the 
vapor pressure at 25 0 to be 9.1 mm., whence AF° 2 9i ** —18350. 

1 Johnston, This Journal, 30, 1357 (1908). 

* Finkelstein, Ber., 39, 1383 (1906). 

3 Landolt-Bomstein-Roth; Tabellen. 

4 Lewis, This Journal, 34, 1635 (1912). The change in free energy between 0.1 M 
and 0.001 M was first determined, namely, 6960. At 0.001 M intermediate ions were 
assumed to be absent and the degree of dissociation, 0.96, was taken from conductivity 
data. The increase in free energy between 0.001 M and a solution hypothetical molal 
with respect to each ion is then equal to —R'T In 0.0096 X (0.00192)* » 10570. See 
also Lewis and Lacey, This Journal, 36, 804 (1914)* 

1 Lescoeur, Compi. rend,, 103, 1260 (1887). 
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(ft) Leseoeur found the vapor pressure over a mixture of Ba(OH)iHiO 
and Ba( 0 H)s at ioo° to be 45 mm. According to the work of de Forcrand 
the heat of this reaction is 14800, whence pm * 0.3 mm., and AF°* M “ 
—4650. 

(i) The thermal dissociation of barium hydroxide has been investigated 
by Johnston, 1 who calculated from his data the free energy of the reaction 
at 25 °. This calculation, however, was based on the assumption that 
the barium hydroxide was solid at the temperatures investigated. The 
melting point of barium hydroxide has apparently not been accurately 
determined, but several observers state that it melts at a dull red heat. 
We may assume, therefore, that the difference in free energy between 
liquid and solid Ba(OH)i is small at the lowest temperature investigated 
by Johnston, namely 647°, at which temperature the pressure obtained 
from his curve is 12 mm. Assuming, further, that BaO at this tempera¬ 
ture is not sufficiently soluble in Ba(OH) 2 to lower materially the activity 
of the latter, we find for reaction (i) AF°m = —7590. The heat of this 
reaction according to measurements of de Forcrand is 34700 and the change 
in heat capacity is very nearly zero. Hence AF 0 29 a =* —25900. 

(;) The free energy of this reaction from (44) is AF 0 29 8 = 18480. 

Adding reactions* ), 

BaO + H 2 0 ® - Ba++ + 20H", AF° 2fl8 = -27870 (65) 


I{ 9 4 - 0 % = HtOt ( aq ).—We are now in a position to calculate the free 
energy of formation of aqueous H 2 0 2 . Equations (61), (62), (64), (65), 
(5^) and (44) give (all at 298° A) 


RMf+ 7 * 0 , = BaO,; 

AF° « 

—13200 

BaO, + ioH, 0 (g) = BaO,.ioH, 0 ; 

AF° - 

—22000 

Ba 0 j.ioH ,0 - Ba++ + 20H~ + H, 0 ,(aq) + 8 H, 0 (/); AF° = 

12450 

Ba++ + aOH- = BaO + H ,0 (I); 

AF° - 

27870 

H, + 7*0, - HjO(l); 

AF° * 

—56620 

toHiO (l) = ioH, 0 (g); 

AF° = 

20530 

Adding all these equations as they stand gives the final result 


H, + 0 , - HjO, (aq); AF°„, = 

—30970. 

(66) 


In this determination of the free energy of formation of molal aqueous 
HtOi it is difficult to estimate the probable error. The chief source of 
error lies in the determination of the free energy of solution of barium oxide. 

1 /%H% + 0 %,+ © » HQf- .—We may now obtain the free energy of 
formation of the hydroperoxide ion from (63), (66) and (9). 

AF°ti 8 - —15110. 

1 Johnston, Tpn* JafUaui*, 30, 1357 (1908). 

* The corresponding value obtained by adding equations (a) to (e), on the assump¬ 
tion that the i*ac|jo& measured by Finkdstein was that between solid BaO and solid 
BaCOi, is ** —26730. The difference is in the directum to be expected as a 

consequence of mis false assumption. 
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HjO%(aq) * HsO(l) + y* 0 2 .—This reaction is important because its 
free energy shows the tendency for aqueous hydrogen peroxide to decom¬ 
pose. Combining (66) and (53) gives 

AF°208 = —25650. (67) 

Nernst, from e. m. f. measurements, obtained the value —17100, differ¬ 
ing from the above by 8500 cals. It is extremely improbable that our 
value can be in error by one-tenth of this difference. This difference 
makes an enormous change in the calculation of the equilibrium constant 
in the vapor phase studied by Nernst, namely, [H 2 0 2 ] 2 /[I1 2 0] 2 [02]. 
If our calculations are correct the value of Nernst for this constant is 
‘erroneous by a factor of io 12 as will be shown presently. 

H2O2Q) = H 2 0 2 (g ). —The experiments of Wolflfenstein 1 and of Briihl 2 
show the vapor pressure of pure H 2 0 2 to be 29 mm. at 69° and 65 mm. 
at 85 °. Hence we find the heat of vaporization per mol to be 12300 cals., 3 
whence the vapor pressure at 25 0 is 2.1 mm. and 

AF °298 = 350°- (68) 

H 2 0 2 (aq) = H 2 0 2 (g). —If the law of perfect solutions were applicable 
to a mixture of H 2 0 and H 2 0 2 the vapor pressure of H 2 0 2 (M) would be 
2.1/56.5 = 0.037 mm. Some distillation experiments of Nernst 4 seem 
to indicate that the vapor pressure is, however, only about one-fourth 
or one-fifth of that corresponding to Raoult’s law. We may take 0.01 
mm. as a rough approximation, and 

AF d 2 98 = RT In (760/chOi) - 6700. (69) 

H 2 4 - Qi — H 2 0 t(l ).—Combining (66), (68) and (69), 

AF °298 = —27770. (70) 

H 2 4 - 0 2 = # 2 0 2 (g).—Adding (66) and (69) gives 

AF° M8 = —24270. (71) 

The value of AH for this reaction may be found by combining the above 

heat of vaporization of H 2 0 2 with the thermochemical data of Thomsen 
and de Forcrand, which gives AH291 = —32600. The heat capacity of 

gaseous H 2 0 2 has not been determined. We will assume that it is approxi¬ 
mately the same as that of ammonia, the only tetratomic gas which has 
been investigated. Thus 

H2O2; C, * 7.5 4 * 0.0042T 
H 2 ; C, * 6.5 + 0.0009T 

1 Wolffenstein, Ber., 37, 3307 (1894). 

* Bruhl, Ibid., 38, 2847 (1895). 

* From these data the boiling point of H* 0 * is 144 °, and the constant of Trouton’s 
rule, K *» AH/T, is 29.5. This unusually high value was to be expected. Hydrogen 
peroxide must be a very abnormal liquid, as shown, for example, by the fact that it has 
the highest of all dielectric constants. 

4 Nernst, Z. physik Chem ., 46, 720 (1903). 



I99» 


OJLBBRT N. LEWIS AND MERLE RANDALL. 


0*; C, » 6.5 + 0.0010T 
AT * —5.5 + 0.0023T 
and 

AF° <= —31100 + 5.5T In T — 0.00115T 2 — 8.08T (72) 

where the value of I is obtained from the above value of AF 0 *»§. 

From this equation, it appears that hydrogen peroxide cannot be formed! 
spontaneously in appreciable amount from oxygen and hydrogen except 
below 1000 °. 

H% 0 (g) + ViOi * if|O a (g).—The general equation for the free energy 
of this reaction may be found by combining Equations (56) and (72). 

AF° «* 26310 + 4.56T In T0.0028T 2 + 0.00000037T 3 — 11.80T. (73) 

From this equation we calculate that the pressure of H a Oa in equilibrium 
with water vapor and oxygen, each at atmospheric pressure, is 1 X io~ 7 
atm. at 2000° A, and 3 X io~ 6 atm. at 3000° A. The experiment of 
Traube, already referred to, in which a considerable yield of H s 0 2 is ob¬ 
tained by the rapid cooling of an oxyhydrogen flame cannot, therefore, 
be explained by assuming that HjO? is largely present in the gases in the 
hottest portion of the oxyhydrogen flame. It must be explained rather 
by assuming that in the colder parts of the flame, probably between 500° 
and 1000® C., hydrogen and oxygen combine directly to form hydrogen 
peroxide. 

In concluding, we wish to express our obligation to the Rumford Fund 
of the American Academy of Arts and Sciences for financial aid in this 
investigation. 

Summary. 

We shall not attempt to summarize further a paper which is itself a 
summary of numerous investigations, several of which have not hitherto 
been published. We have, however, collected in Table VI the values for 
the free energy of formation of eleven substances from the elements in 
their standard states. The table also shows the number of the equation 
connecting the free energy of formation and the temperature. 

Table VI. 


Substance. 

F%w 

Equation 

Substance 

F°«m 

Equation 

0 . 

32400 

5 ' 

H* 0 (g) 

—54567 

56 

H 

30550 

7 

H,CKs) 

—56478 


H+ 

OH- 

0 

-*7385 

9 

HtOi(aq) 

HOT 

—30970 
—I5II0 


HtO(l) 

—56620 

54 

H| 0 ,( 1 ) 

H»Oi(g) 

—27770 
—24270 



We also append to this paper a short table of numerical constants, which 
we have found extremely useful in these calculations, and which may be of 
use to others. 
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Table VII. 


1 cc.-atms. 

« * joules 

X. 

0.10133 

Log «. 

9.005737 

z cc.-atms. 

■* x cals. 

0.02423 

8.384353 

1 cal. (13 °) 

• x joules 

4.182 

0.621384 

Absolute zero 

- — *°C. 

27309 

2.436306 

Medal gas volume (0* C., 
x atms.) 

— x cc. 

22412 

4.3504*1 

R' 

— x cals per degree 

1.9885 

0.298528 

R , 

— x joules per degree 

8.3160 

0.919912 

R r 

«■ * cc.-atms. per degree 

82.07 

1.914175 

F 

« x coulombs per equiv. 

96494 

4.984500 

F' 

• x cals, per volt-equiv. 

23074 

4.363116 

In ( ) 

- * log ( ) 

2.3026 

0.362216 

R'ln( ) 

- * log ( ) 

4.5787 

0.660744 

(R/F) In ( ) 

- * log ( ) 

0.00019844 

6.297626 

25° C. 

-x°A 

298.1 

2 47436a 

In 298.1 

— * 

56974 

0.755679 

298.1 In ( ) 

« * log ( ) 

686.40 

2.836578 

298.1 R' In ( ) 

* * log ( ) 

1364.9 

3.135106 

298.1 In 298.1 

■» X 

1698.4 

3.230041 

298.1 (R/F) In ( ) 

- * log ( ) 

0.05915 

8.771988 


BvRxsutY. Cal. 
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A METHOD OF FINDING THE PARTIAL FROM THE TOTAL 
VAPOR PRESSURES OF BINARY MIXTURES, AND A 
THEORY OF FRACTIONAL DISTILLATION. 

By M. A. Rosanoff, C. W. Bacon and John F. W. Schulzs. 1 
Received July 25, 1914. 

Section i. A Relationship between the Total and Partial Pressures of 

Binary Mixtures. 

A simple method of measuring the partial vapor pressures of liquid 
mixtures was described in another joint communication from these lab¬ 
oratories. 2 The method depends upon the analysis of a series of con¬ 
secutive distillates from a given mixture, and presents no manipulative 
difficulties. The fractions are “analyzed” by determining their refractive 
indices* or, in the case of ternary mixtures, by determining the index of 
refraction and one other physical property# such as the density or the 
boiling temperature. 4 There are important cases, however, where mix¬ 
tures cannot be so simply analyzed with any degree of accuracy, and conse¬ 
quently the experimental determination of the partial pressures would be 
unreliable. 

1 A brief preliminary account Of the contents of this paper was published in the 
J. Frank. Inst., December, 1911. 

* Rosanoff, Bacon and White, This Journal, 36, 1803 (1914). f 

1 v. Zawidzki, Z . physik. Chem ., 35, 138 (1900); Rosanoff and Easley, This Jour¬ 
nal, 32, 968 (1909). 

4 Schulze, Ibid^ 36, 498 (19x4). 
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That partial pressures can be calculated from the total pressures (which 
are always readily determinable) has been pointed out by Margules. 1 
But Margules’s method, which depends on the graphic measurement of 
the slope of the total pressure curve at its two ends, is liable to yield 
inaccurate results. At best, it permits of finding only tpro constants for 
the calculation of partial pressures, and this is oftenMnsgfficient. 2 For 
these reasons, and also with a view to the development of a mathematical 
theory of fractional distillation, it seemed desirable to formulate a general 
relationship, even if only empirical, between the total and partial vapor 
pressures. 

Such a relationship is suggested by Konowalow’s semi-quantitative 
principles relating to the shape of the total pressure curve.* These prin¬ 
ciples indicate that the greater the slope of the total pressure curve, 
the greater is the difference in composition between the liquid and its 
vapor. When the total pressure curve passes through a maximum or a 
minimum, its slope is zero, and the composition of vapor and liquid is 
identical. Calling x the molar fraction of one of the components in the 
liquid, ir the total pressure, and pi and pi the partial pressures, we thus 
have: when dir/dx = 6, (pi/pi)/[x/(i — x)) = i. This theorem sug¬ 
gested formulating the slope of the total pressure curve as a logarithmic 
function of ike relative composition of vapor and liquid. 

If, now, in a given case—for instance, in one of the cases discussed below — 
a set of values of dr/dx are plotted against the corresponding values of log- 
[pi{i — x)/pipc], the result is found to be a straight line passing .through the 
origin of the coordinates, which indicates that the simplest possible relationship 
exists between the two quantities: viz., proportionality. This apparently 
general law is expressed by the equation: 

dir/dx « (i/k) log [pi(i — x)/pix) 

The constant i/k is evaluated by the following considerations: If the 
equation just given is applicable generally, it must hold true also in those 
cases in which the total and partial pressure curves are straight lines. 
In such cases dir/dx « P\ — P% (the difference of the vapor pressures 
of the isolated components), and [pi(i — x)]/pix * Pi/P a . We should, 
therefore, have: • 

dir/dx - Pi — P 2 - ( i/k) log [pi(i - x)/p0] - (i/*) log (ft/P 2 ) 
whence, « 

(i/tt « (Pi - PM log Px - log P 2 ) 

In general, then, we obtain: 

dir/dx m [(ft —- Pt)/(log Pi — log Pi)] log [pi(i — x)/ptx] (A) 

41 Margules, Sitsb. Kais. Akad . Wien., [2] 104,1243 (1895). 

* See Itosanoff and Easley, loc. cit., p. 957. 

* Konowalow, Wied. Ann., 14, 34, 219 (1881). 
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The complete correspondence between Equation A and the qualitative 
theorems of Konowalow imparts to the equation something of a theoretical 
character. Also, (A) is at least not in conflict with the thermodynamic equa¬ 
tion of Duhem and Margules. But its chief recommendation is that it faith¬ 
fully reproduces-the experimental results in all known types of cases. 
Tables I, II, ard III show how closely it has permitted of calculating the 
vapor compositions from the total pressures, in three cases experimentally 
studied by v. Zawidzki. 1 Table IV relates to a case in which it has ren¬ 
dered valuable practical service, as explained further on. 

In the tables below the composition of the liquids is expressed, not in 
molar fractions, but in molar per cents., further, the partial pressures, 
which are directly dependent upon the composition of the vapor, are 
replaced by the corresponding molar per cents, in the vapor. 

Case 1. Carbon Tetrachloride and Benzene —The isothermal total pres¬ 
sure curve for 49.99°, on the basis of Zawidzki’s measurements, is well 
represented by the following equation, obtained by us with the aid of the 
method of least squares: 

t = 268.075 + 80.853* — 43.826Z 2 + 16.531* 8 — 13.695* 4 
According to this equation, 2 a mixture containing 91.65 molai per cent, of 
carbon tetrachloride has a^vapor pressure of 308.43 mm., which is a maxi¬ 
mum, the vapor pressure of pure carbon tetrachloride being 308.0. Fur¬ 
ther, according to the equation: 


logio Pi — logio Pi 
Pi —Pi 


0.0015103, 


and therefore, by Equation A: 

logioIM 1 — %)/p&] “ 0.122115 —0.132383* + 0.0749000* 2 — 0.082734** 
The following table compares the results yielded by these equations with 


those found by Zawidzki experimentally. The second and third columns 
Table I —Carbon Tetrachloride—Benzene 

Molar % CCL m vapor 

Molar % CCL w ob« 

in liquid 

mm 

r calc 

Obs 

Calc 

5 07 

oo 

M 

272 I 

6 §1 

6 54 

II 70 

277 6 

277 O 

14 59 

14 5i 

17 58 

281 5 

281 0 

.• 21 21 

21 21 

25 IS 

285 4 

285 8 

29 05 

29 36 

29 47 

288 3 

288 4 

33 65 

33 81 

39 53 

294 5 

293 9 

43 70 

43 79 

55 87 

301 0 

301 1 

58 6j 

59 08 

67 55 

305 2 

304 9 

69 40 

69 83 

76 52 

306 8 

307 0 

77 74 

77 66 


give the observed and the calculated total pressures; the fourth and fifth 
columns compare the experimental and the calculated molar percentages 
1 ▼. Zawidzki, loc. cti. 

* See also Young, "Fractional Distillation” (London, 1903), p. 65. 
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of carbon tetrachloride in the vapor. The differences between experiment 
and our calculations are insignificant. 

Case 2. Ethyl Iodide and Ethyl Acetate.— 1 The isothermal total pressure 
curve (49.99°) is represented by the equation: 

IT « 280.325 + 250.403« — 285.0852: 1 + 210.995a; 1 103.147a; 4 

Accordingly, the curve passes through a maximum when the molar per 
cent, of ethyl iodide in the liquid is 76.49. Further, 

logioPi — logio P* “ 726,4561 
and hence, by Equation A: 

logio[£i(i — #)/M] *= 0.344691 —0.784865a; + 0.871333a; 1 — 0.567946a; 1 


MoUr % C1H1I 

Table II. —Ethyl Iodide—Ethyl Acetate. 

Molar % CiHiI In vapor. 

in liquid. 

«r ob«. 

v calc. 

Obt. 

Calc. 

5-90 

294.3 

294.1 

9.8 

II.I 

II.48 

304.7 

305.3 

17.7 

19.3 

1376 

308.7 

309 9 

20.9 

20.1 

19.46 

319.5 

3197 

27.9 

28.6 

22.88 

325.2 

324.9 

31.7 

32.2 

30.57 

335-4 

335.4 

39-0 

39-4 

37.45 

343.4 

343-2 

* 45.3 

45.4 

45.88 

350.7 

35 i.0 

52.2 

52.4 

54-86 

357.4 

357.4 

59.7 

595 

63.40 

361.7 

361.6 

66.1 

66.1 

73.88 

363.5 

364.1 

740 

74.4 

82.53 

363.5 

363.6 

81.5 

81.5 

90.98 

360.7 

360.4 

893 

89.4 


Case 3. Chloroform and Acetone .—The isothermal total pressure curve 
(35.17°) is represented by the equation: 

IT “ 3437*9 - 146.1680;-418.7520;* + 895.0990^-380.240a; 4 

Therefore, 

logio Pi—logio P* " 732 * 3, 
and, according to Equation A: 

logio[pi(i — *)/p&] - —0.199592 — 1.14361a; + 3.66677a; 1 — 2.07687a; 1 

In the case of chloroform and acetone there can be little doubt as to 
complex tnoledules being formed to a greater or less extent. Therefore, 
the agreement between the calculated and the experimental molar per 
cents., while not as close as in the preceding cases, may still be considered 
very satisfactory. 

Case 4 . Benzene and Toluene .—In this case the refractive indices of 
the two pure substances are not sufficiently different to permit of de¬ 
termining the composition of a given mixture refractometrically with any 
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degree of precision. Therefore, at least when the available amount of 
substance is small, experiment can only yield rough results. A need 
having arisen here (in connection with a study of isopiestic fractional 

Table III. —Chloroform—Acetone. 


Molar % CHCla 
in liquid. 

r obs. 

r calc. 

Molar % CHCla in vapor. 
Oba. Calc/ 

O 

344-5 

343-7 

- 


6.03 

332.1 

333.6 

2.8 

3.4 

12.03 

320.1 

321.6 

6.2 

6.6 

12.32 

319.7 

320.9 

6.4 

6.8 

18.18 

308.0 

308.3 

10.3 

10.1 

29. IO 

285.7 

285.x 

19.4 

18.0 

40.50 

266.9 

265.1 

31.8 

30.1 

50.83 

252.9 

253 4 

45.6 

44-7 

58.12 

248.4 

249.7 

56.3 

56.2 

66.35 

249.2 

250.2 

68.3 

68.8 

79 97 

261,9 

261.3 

85.7 

85 5 

80.47 . 

262.6 

261.9 

85.4 

86.0 

91.79 

279 5 

279.0 

95.0 

95 0 

IOO 

2931 

293-7 




distillation) to obtain accurate knowledge of the vapors given off by 
benzene-toluene mixtures, we felt that the mathematical method de¬ 
scribed above would lead to decidedly better results than any experimental 
method. The vapor compositions thus found corresponded to liquid 
mixtures kept at one and the same temperature. From these, however, 
we had no trouble in calculating also the composition of vapors given off 
by mixtures boiling isopiestically. We reproduce these calculations both 
as an illustration of the procedure involved, and because of the intrinsic 
value of the results. 

Thiophene-free benzene and pure toluene were further purified by 
washing with water, drying with calcium chloride, and fractionating. 
The utilized fraction of either substance distilled over within o.i°. 
A set of ten different mixtures was then accurately made up by weighing, 
and the total vapor pressures of these, as well as of the two pure substances, 
all at 79.70 °, were determined with the aid of an Oddo ebullioscope con¬ 
nected by wide tubing with an empty tank and a baromanometer. 1 The 
measurements, which are recorded in the second column of Table IV, are 
almost perfectly reproduced by the following equation: 

7 T « 288.438 4 466.5192; — 56.464** 4 100.281* 3 — 49.971* 4 

where * is the molar fraction of benzene in the liquid. The values of ir 
given by this equation are reproduced in the third column of the table. 
This equation also gives: 

1 See Rosanoff and Dunpfey, This Journal, 36, 1416 (2914). 
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logic Pi —" logit P* 
—— 


0.000900, 


and consequently, according to our Equation A: 

lQgio[pi(i — *) IP &] • 0.4198671 —0.101635* + 0.270759**— 0.179896** 
The values of pi (partial pressure of benzene in the vapor) calculated 
from this last equation were converted into molar per cents, and are re¬ 
corded as such in the fourth column of Table IV. 


Tabus IV —Bbnzbnb—Tolubnb (Isothermal). 


otar % of C*H, 
in liquid. 

r obs. 

tr calc 

Molar % of CiH« 
in vapor 

IOO 

748 7 

748 8 

IOO 

95 65 

729 0 

728 9 

98 27 

91 89 

7ii 4 

711 6 

96 72 

82 43 

668 0 

667 7 

92 49 

73 27 

624 9 

625 0 

87 82 

63 44 

579 2 

579 2 

81 97 

54 5i 

537 5 

537 8 

75 74 

43 52 

487 0 

487 2 

66 56 

33 83 

443 1 

443 0 

56 76 

22 71 

392 8 

392 5 

42 95 

11.61 

341 5 

342 0 

25 30 

0 

288 5 

288 4 

0 


With a view to the needs of our distillation study, we next proceeded to 
calculate the composition of the vapors as given off by the liquid mixtures 
boiling under constant pressure . But first the boiling temperatures them¬ 
selves were determined, under a pressure of 750 =*= 1 mm. Only in the 
case of the two isolated components the atmospheric pressure was higher, 
but not sufficiently so to affect the final results. These boiling tem¬ 
peratures are shown in the second column of Table V. 

To find the vapor compositions at these temperatures, we made use of 
a principle introduced in an earlier communication. 1 In general, namely, 
the composition of vapors from binary mixtures may be accurately repre¬ 
sented by an expression of the following form: 

In - ln£ + «•((! -*) - 7*1 + 

P& r2 

t(i -*)’->/.] + 7K1 V.] 

2 3 

As shown in the communication referred to, the coefficients a a , as, and a< 
are, in all cases in which the heat of dilution is moderate, practically inde¬ 
pendent of the temperature, so that changes of temperature influence the 
vapor composition only by affecting the value of P1/P2. If, therefore, 
fipm an expression found for some given temperature we should subtract 
the logarithm of P1/P2 corresponding to that temperature, and to the 
1 Roeanoff and Easley, This Journal, 32, 957 (1909). 
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remainder add an expression representing the logarithm of Pi/Pt as a 
function of the temperature, we should obtain a more general expression, 
from which the vapor composition could be calculated for any temperature 
or temperatures within the given range. 

In the case of benzene and toluene the heat of dilution is very small, 
and therefore the principle just stated may, within the temperature range 
involved, be applied without hesitation. On the basis of both Regnault’s 1 
and Young’s* measurements of the vapor pressures of benzene, and of 
Kahlbaum’s 8 measurements of the vapor pressures of toluene, we find * 

P2/Pi = 0.2641 + 0.001506/ 

where i is the centigrade temperature, the formula applying between 80 0 
and no°. For the temperature of our isothermal measurements, viz., 
79.70°, and using common logarithms, logio(P2/Pi) — 0.4155238 Sub¬ 
tracting this from 0.4198671, the constant term of our isothermal equation, 
and further, introducing, with the appropriate sign, the common logarithm 
of Pi/P\ as a function of the temperature, we finally obtain: 

logio[pi(i —*)/p&] = 0.0043433 —0.101635s + 

0.270759* 2 — 0.179896s 8 — logio (0.2641 0.001506/) 

The composition of the vapors from the mixtures indicated by the first 
column of Table V, at the temperatures given in the second column, were 
calculated by this final equation, and are recorded in the third column. 

Table V —Benzene—Toluene (Isopiestic) 

Weight per cent of benzene 


Molar % of C*H« 
in liquid 

Boiling point 
under 750 mm 

Molar % of C«H. 
in the vapor 

m the liquid 

in the vapor 

O 

109 59° 


O 

O 

IO 

104 85 

20 8 

8 6 

18 I 

20 

IOI OO 

37 2 

17 5 

33 4 

30 

97 55 

50 7 

26 7 

46 5 

40 

94 60 

61 9 

36 1 

57 9 

50 

91 85 

71 3 

45 9 

67 7 

60 

89 30 

79 1 

56 0 

76 2 

70 

86 85 

85 7 

66 4 

83 5 

80 

84 55 

91 2 

77 2 

89 7 

90 

82 25 

95 9 

88 4 

95 1 

95 

81 00 

98 0 

94 2 

97 7 

IOO 

79 70 


100 

100 


In spite of the circuitous calculation, we believe these results to be quite 
exact. For convenience of reference, we add a fourth and fifth columns, 
expressing the same results in terms of per cents, by weight. 

1 Regnault, Mem. de VAcad , 26, 339 (1862) * 

* Young, J. Chart. Soc , 55, 486 (1889) 

1 Kahlbaum, Z phystk Chan , 26, 603 (1898) 





14. A. *0SANCNfF, C. W. BACON AN© J. F. W. SCHUUB. 


Section 2* A Theory of Fractional Distillation without Reflux Con¬ 
densation. 

In principle, two different ways must be distinguished in which fractional 
distillation may be carried on: the vapor may either be allowed to escape 
from the still without any reflux condensation at all, or else it may be 
partially recondensed on its way, the condensate returning to the boiling 
liquid in the still. In all practical work, whether on a laboratory or an 
industrial scale, partial reflux condensation is employed invariably, be¬ 
cause it greatly increases the efficiency of the process by increasing the 
difference between the composition of the vapor and that of the boiling 
liquid. A rational process of this type will shortly be described in a special 
series of publications. In this present communication we will consider 
only distillation involving no reflux condensation—a process, to be sure, 
of academic rather than of practical interest, but nevertheless worthy of 
consideration. 

Since the appearance of Konowalow’s classic paper 1 on the total vapor 
pressures of mixtures, it has been clearly understood that in all cases, 
except where the vapor pressure of the given mixture is a maximum or a 
minimum, distillation divides a mixture into fractions of unequal volatility, 
the residue being less volatile than the distillate and even less volatile than 
the original mixture. In other words, during a distillation at constant 
temperature the total pressure of the liquid in the still must continually 
diminish; during a distillation under constant pressure, the temperature 
of the boiling mixture must continually rise. But these Konowalow 
principles, being purely qualitative, do not constitute a theory of distilla¬ 
tion in the truer sense of the term. A true theory of distillation should 
furnish a general answer to questions like the following: given a mixture 
of a certain specified composition, what proportion by weight of the total 
must be distilled off in order that the composition may change from what 
it was originally to some new specified value? 

An attempt to solve this problem was made some twenty years ago by 
Barrell, Thomas, and Young.* The assumption underlying their solution 
is that throughout the distillation the ratio of the weights of the com¬ 
ponents in the vapor is proportional to the ratio of the weights in the 
liquid. Denoting by £ and rj the weights in the liquid, and by and dij 
the weights in the vapor, the assumption is expressed by the equation: 

di/dv * c.Z/t) 

or 

dlnf/dkty * c, 

1 Konowalow, Wied. Ann ., 14, 34, 229 (2882). 

* Barrell, Th&nas and Young, Phil. Mag ., [5] 37, 8 (1894); Young/' Fractional 
Distillation” (London, 1903), p. 93; Nerast, Theoretische Chemie (Ed. 7, Stuttgart, 
* 9 * 3 ) P- 109. 
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c being a constant. This assumption had some years previously been 
proposed by F. D. Brown. 1 But, as Young himself has pointed out in 
his monograph on fractional distillation, Brown’s assumption cannot 
possibly be true as a general rule, and leads to absurdities in those cases 
in which the total pressure curve passes through a maximum or a minimum . 
It must, however, be added that Brown’s formula does hold good for the 
isothermal distillation of mixtures whose partial and total vapor pressure 
curves are perfect straight lines; only such cases are rare. 

Another theory of distillation was proposed in 1902 by Lord Rayleigh. 2 
Let the weight of a given liquid mixture be denoted by w, and the weight 
of the first component in it by y. Then y/w is the fraction of the total weight 
constituted by the first component. If this fraction is denoted by {, we 
have: y/w = £, or 

y — w£ 

Let, at the same time, the entire weight of the vapor be dw, and the weight of 
the first component in the vapor dy. Then the fraction by weight of the first 
component in the vapor is dy/dw. In any given case the fraction of the first 
component in the vapor will be some function of the fraction in the liquid: 

1 - /«>■ 

or since y = 


whence, if w 0 and $ 0 denote the initial values of w and £, 

£ 

w r 


In 


r dt- 
J 7(f) — £ 


fc 


To turn this mode of formulation into a theory, it is necessary to make 
some assumption regarding the nature of the function /(£). Lord Rayleigh 
assumes that in very dilute solutions, i. e., in mixtures containing very 
little of what we call the first component, the fraction of that component 
in the vapor is simply proportional to its fraction ip the liquid: dy/dw — 
/(£) = whence, by integration, 

f/i 0 “ (w/vj 0 Y~\ 

the constant k to be found empirically. 

. Lord Rayleigh’s theory is thus confined to very dilute mixtures only 
and leaves room for a more general theory, based on some reliable assump¬ 
tion regarding the relation between the composition of the vapor and of 
the liquid for all possible concentrations. Such a relationship, even if only 


1 Brown, Trans . Chem. Soc., 39, 317 (1881). 

1 Lord Rayleigh, Phil. Mag., (5] 4, 527 (1902); see also Plucker, Pogg. Ann., 92, 
198 (1854). 
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semi-theoretical in character, is furnished by Equation A developed in the 
preceding section; and as that equation appears to hold true in all types 
of cases, a mathematical theory of distillation based upon it must likewise 
be generally applicable. 

As in connection with the Brown formula above, we will again denote 
by ( and 17 the absolute weights of the components in the liquid, and by 
d£ and dq their absolute weights in the vapor. Let, further, pi and p% 
represent the partial pressures of the components, and let x represent 
the molar fraction of the first component in the liquid. Then pi/pt, the 
ratio of the partial pressures, equals the ratio of the molar fractions in the 
vapor, these molar fractions being based, of course, on the actual molecular 
weights of the two vapors. But, as pointed out in a previous communica¬ 
tion, 1 if the purely thermodynamic equation of Duhem and Margules 
is not to be contradicted, the molar fractions x and 1 — x in the liquid 
must be based on the same molecular weights as the molar fractions in 
the vapor. It may, therefore, be stated with certainty, that the quotient 
of the ratios of the molar fractions in vapor and liquid is equal to the 
quotient of the ratios of the weights, as expressed by the equation: 

«) = vd$ 
ptx Sdn 


or 


d Inf pi( 1 — x) 


din 17 pi% 

Now, our Equation A teaches that 

pi(i — <r) 


log- 


p& 


= k 


dr 

<£’ 


or 


pi( 1 — % ) 
pax; 


e kdx/dx } 


e denoting, as usual, the base of natural logarithms. We therefore have: 

.( B ) 

din 17 

and all conclusions regarding the course of a fractional distillation based 
on this formula will be as reliable as Equation A itself. 

Calling Mi and M% the molecular weights of the two components, we have: 

* _ i/Mi 

1 — x "17 /AT,' 

whence 

dln({/l 7 ) m dx/x{ I — X) 

d In* » d lnt — <fe/s(i ~ x) 

1 Rosanoff, Tint Journal, $6,1410 (1914). 
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Then, by simple transformation, from (B): 

JkdwJdx 

dln£< 


dx 


(gkdx/dx — x )( x — x } % 

Denoting by £ 0 and x 0 the initial weight and the initial molar fraction of 
the first component in the liquid, we get 
x 




e 


,kdr/dx 


. dx . 


]{e kdr/dx — i)(i — x)x 


•(C) 


For the second component we obtain analogously: 

x 

dx 


In — = 
Vo 


\( e kdr/ix —l)(l — x)x 


■ (D) 


x Q 

Needless to say, the integrations may be readily carried out by one of 
the ordinary approximation methods. Also, only one of these integrations 
must be carried out, as the quantities £ and rj are connected bv the equation: 


i — x M2 * 

v =-• jr M - £ 

x Mi 

It will be noted that Equations C and D express the relation between the 
changes of weight and composition accompanying isothermal fractional 
distillation, in terms of dir/dx, the slope of the total pressure curve. They 
may thus be regarded as an attempt at a quantitative formulation of the 
Konowalow theory of distillation. 

In the rare cases in which the total and partial pressure curves are 
straight lines, our theory becomes essentially identical with the Brown- 
Young theory of distillation. Since dir/dx is then constant (= Pi — P s ), 
our Equation B turns into the Brown formula: 


din £ 
din rj 


~ = constant, 
Jr2 


and the integrals in (C) and (D) assume the values : 

to * L*o(l— *)J 

and 

n _ = r *(i-* 0 ) l Pl/(P -- J>l) 

Vo = Uo(>— *)J 

It is easy to read into these last equations that if the total pressure line 
were parallel to the x axjs, so that Pi = P*, then no matter what weight 
were distilled off from the original mixture, the composition would remain 
unaltered: x/(i — x) = x 0 /(i — % 0 ), as must of course be the case. 
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i The theory, in the form of Equations C and D, has been tested out heft 
by direct experiment. It would, however, be superfluous to publish the 
results, seeing that the theory is based on no other principles than those 
involved in Equation A, and that the validity of the latter is, sufficiently 
indicated by the cases discussed in the preceding section. 

In conclusion, we will mention that the above is one of a series of studies 
(mostly experimental) that have been made possible by a grant from the 
Rumford Fund of the American Academy of Arts and Sciences. It is a 
pleasure to again express our thanks to the Rumford Committee for their 
generous interest in this work. 

WoKcsarsB, Mm, 


PASSIVITY OF METALS. 

By Hokacb G. Bysxs and Ssth C. Lanodon. 
lUcdnd July 18 . 1914 . 

Introduction. 

In a previous paper by one of us, 1 the term passivity was defined as 
properly applying to an element when it “shows abnormal electrochemical 
relations, and a chemical inactivity not corresponding to its ordinary 
behavior and not in accord with its position in the electromotive series 
of the elements/* These characteristics are exhibited by a number of 
elements under a variety of circumstances and to varying degrees, but 
the passivity of iron has been most carefully studied and the present paper 
is limited to a study of one phase of its behavior. Iron becomes passive 
when immersed in certain electrolytes, which are always oxygen com¬ 
pounds. It also becomes passive under certain conditions when used as 
an anode. In this case also, the electrolyte is almost always an oxygen 
compound in solution in water. The most apparent evidences of transi¬ 
tion from the active to passive condition of iron, as an anode, are: the 
metal no longer dissolves, its surface brightens, oxygen is evolved from its 
surface and, coincident with these changes, an ammeter, in series in the 
circuit, shows a sudden drop in the current. Considerable work has been 
done in this laboratory on this behavior and the conclusion reached,* that 
the following factors influence the establishment 6f the passive state in 
iron used as an anode: (a) the character and condition of the metal; (b) 
the electrolyte employed; (c) the temperature; (d) the curent density; 
(#) the duration of passage of the current; and (/) the character of move¬ 
ment of the electrolyte. 

In the hope that the above variables represented a complete catalogue, 
it was thought that light could be thrown upon the subject by a study of 
the behavior of an anode when two of the factors were allowed to vary mutually 
while all others were held constant . Below, is given, briefly, the experi- 
1 This Jouxnal, 30,1718 (1908). 

*IM., 83,759(1918). 
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mental method employed and results obtained when the attempt was 
made to determine the relation between the current density and the time 
required to induce passivity. 

Experimental. 

The arrangement of the apparatus is shown in Fig. i. The electrolyte 
used was 0.2 N sulfuric acid contained in a small glass cell immersed 
in ice water. The anode was a piece of iron wire “for standardization/* 
diameter 0.720 mm., sealed with paraffin into a glass tube so that a length 
of exactly 10 mm. was exposed. The cathode was a platinum wire sealed 
in a glass tube. The electrodes were connected in series with six storage 
batteries, a resistance box, a Weston milliameter and a key. 

The external resistance is first adjusted so that a current of the re¬ 
quired density will flow through the circuit, and the time required to con¬ 
vert an active anode to the passive condition is determined by a stop¬ 
watch, the time recorded being the interval between the closing of the 



key and the appearance of the phenomena above described. If the current 
be not too small, the time required is fairly small and, therefore, iron is 
dissolved to an extent insufficient to materially affect the diameter of 
the wire. It was, therefore, possible to make a series of determinations 
on one section of wire. In order that these should be comparable, the 
circuit was broken as soon as the iron became passive and allowed to re* 
main open 30 seconds before closing the circuit for the next determination. 
This*interval is quite sufficient for, in 0.2 N sulfuric add, iron rendered 
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passive as an anode almost instantly becomes active when the current is 
stepped/ The character of the results is shown in Table I. 

Table I 

02 N HaSO*, temperature, o°, io mm wire exposed 


Milliamperes 

Tune in seconds to 

Diameter of 

current 

passivify the iron 

the wire. 

30 

12 

O 709 

30 

22 

0 707 

30 

24 

O 705 

30 

26 

O 703 

30 

25 

0 797 

30 

28 

O 695 

30 

/ 28 

O 693 

30 

30 

O 687 

30 

29 

0 683 

30 

29 

0 680 

30 4 

38 

0 675 

30 

3i 

0 670 


Disregarding the first determination, there is a range of difference 
from the mean time of 28 seconds which is not to be accounted for by the 
small variation of current density due to change in the surface of the wire 
exposed. A large number of similar determinations were made, using 
current densities ranging from 15 to 80 milliamperes with a corresponding 
time required to passivify the iron varying from 21 minutes to 3 seconds. 
All experiments showed a similar lack of agreement between individual 
measurements. Sets of determinations were also 
made at 18 0 and at 25 °, using the cell m a 
thermostat. These gave even less satisfactory 
results, due, in part, to the greater loss of iron 
while rendering the anode passive, greater current 
densities being needed at higher temperatures. 
These somewhat extended experiments failed 
to show the desired uniformity of relation 
between two variables and the suspicion that 
all the factors influencing the passive condition 
were not yet at hand grew more pronounced. 

During the progress of the work it was noted 
that minute bubbles of oxygen occasionally 
adhered to the surface of the iron even after it 
became wholly active and that in such cases the 
metal became passive more readily. Jarring the 
electrode, or stirring the electrolyte, partially 
obviated this difficulty, but when minute bubbles were allowed to 
persist, the results still varied widely. This suggested that dissolved 
oxygen in the neighborhood of the electrode might be a factor in our 
problem. 
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To test the question an apparatus, Pig. 2, was so arranged that the iron 
anode could be held close beneath an atmosphere of oxygen which was kept 
at constant pressure in the thistle tube. By rotating tube bearing the 
anode, it could be readily removed somewhat distant from this concen¬ 
tration of oxygen. The results obtained (Table II) indicate clearly that 
iron is much more readily made passive near the oxygen surface. When 
hydrogen gas or nitrogen was substituted for oxygen no such effect was 
produced. 

Table II 

N /5 HjSOi, room temperature, 5 mm iron wire exposed 


No 

Time in 
sec for 

30 m amps 
to passivity 

Diam 
of wire 
m mm 

Relation 
of iron 
to oxygen 
bubbles 

No 

Time in 
sec for 

30 m amps 
to passivify. 

Diatn 
of wire 
in mm 

Relation 
of iron 
to oxygen 
bubbles 

I 

IO 

O 710 

Under 

13 

37 

O 700 

Not under 

2 

II 

O 709 

Under 

14 

17 

O 700 

Under 

3 

16 

O 708 

Under 

15 

23 

O 700 

Under 

4 

17 

O 708 

Under 

16 

24 

O 697 

Under 

5 

13 

0 708 

Under 

17 

45 

O 693 

Not under 

6 

13 

0 707 

Undei 

18 

19 

0 693 

Under 

7 

27 

O 706 

Not under 

19 

47 

0 692 

Not under 

8 

26 

0 706 

Not under 

20 

25 

0 688 

Under 

9 

15 

O 705 

Under 

21 

63 

0 688 

Not under 

10 

22 

0 705 

Under 

22 

30 

0 680 

Under 

11 

22 

0 704 

Under 





12 

20 

O 702 

Under 






Nos 3-6 show an average a little above 15 seconds 

Nos 7 and 8 not under the oxygen required about twice the time 

No 9 under the oxygen, goes down to 15 seconds again 

After No 9, the iron was removed from the electrolyte, washed and dried and the 
experiment discontinued for about 20-25 minutes and after this more time was required 
to render the iron passive but in general the time required under the oxygen was about 
half that required when not directly under the bubble of oxygen 

The effect of higher concentrations of oxygen was next investigated 
with the apparatus arranged as in Figs. 3 and 4. A tank of oxygen was 
connected to a manometer and thence to the cell, which was closed by a 
rubber stopper held in place by a pressure clamp. The anode and cathode 
were arranged as before, except that the anode was held in place by 
Khotenski’s wax and then coated with paraffin. A length of 5 mm. was 
exposed. The electrical connections were as before. The cell was placed 
in an ice bath not shown in the cut. All factors known to influence passivity 
were thus held constant except the concentration of the oxygen above, 
and consequently in, the solution. After a desired oxygen pressure had 
been established and sufficient time to secure saturation had elapsed, 
the cell was shak&i with a circular motion to insure freedom from aqode 
bubbles. After 30 seconds the circuit was closed and the time required 
for a current of 15 milliamperes to passivity the iron was measured. The 
circuit was then opened and measurements repeated. Table III shows 
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Tabu m. 


Oxittii prtxitri 
Impounds 
per sqturs inch. 

air that is oxygen, 
3 pounds 


Hate in 
•sconds to 

w® 

toe iron. 


15 pounds 


Qmes pmtwi 
in pounds 
por squsre inch. 


574 pounds 


65.88 pounds 


81.34 pounds 


14.. xo l /i 51 pounds 31. 4 

*5 . 11 32. 34 Here fresh electro- 

16 . 11 33. 45 lyte substituted. 

*7 . 11 34. 45 Saturated with air, 

i. e., oxygen, 3 
pounds 

0.2 N sulfuric acid. 5 mm. length of iron wire exposed. Initial diameter o 710 
mm. Final diameter 0680 mm. 15 ma. current employed while rendering iron 
passive. 

such a series for pressures of oxygen ranging from 3 lbs. per sq. in. to 81 
7- lbs. with one section of 


7b Pressure Gage 


. To Oxygen 
‘ Pressure Tank 


Switch 


tornabk Resistance 

Fig. 3 


wire. The values so 
obtained represent a 
very satisfactory con¬ 
stancy and are typical 
of a large number of 
series which are not 
detailed. 

It will be observed 
that loss of surface area, 
due to solution of the 
iron, is not a seriously 
disturbing factor since 
the decrease of diam¬ 
eter of the iron in suc¬ 
cess ve determinations is 
about 0.0009 mm., and 
only OJ03 mm. in the 


whole series of 34 determinations. When oxygen pressures of o.a 
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atmosphere, secured by air pressure were used no such uniform agree¬ 
ment in time, required to render iron passive, could be obtained. This 
accounts to us fully for our long-continued failure to secure quantitative 
results under atmospheric pressures. ^ Oxygen 

When 0.2 N nitric acid was used as Pressure Tank 

the electrolyte, other conditions being 
otherwise the same as those above 
detailed, the results were different; 
the iron becomes active much less 
readily in nitric acid. It was finally 
found necessary to remove the iron 
after each determination, wash with 
0.2 N sulfuric acid and with water 
before a satisfactory repetition could be 
obtained. With nitric add also, the 
factor of continued passage of the cur¬ 
rent is less marked in its effect than 
with sulfuric add, and a critical density 
is more apparent. Below this critical 
density, even long-continued passage of 
the current only infrequently produced 
passivity. If the current density is 
suffidently great, passivity is established practically instantly. For 0.2 N 
nitric add solution at atmospheric pressure, t. e., about 3 lbs. per sq. in. of 
oxygen pressure, the critical current was found to be 20 milliamperes. 
At 56 lbs. oxygen pressure, the critical current was 13 milliamperes. 
It will be observed that increase of oxygen pressure here lowers the 
current density required to render the iron passive. 

In 0.01 N hydrochloric add with 53 lbs. oxygen pressure, oxygen was 
evolved freely and the other phenomena of passivity appeared when the 
current density was relativdy high. When the other conditions, except 
the pressure of gas imposed, were similar, there was only a very slight 
evolution of gas at the anode. With 0.02 N hydrochloric add less oxygen 
was evolved, and with 0.05 N and 0.1 N solutions no indications of passivity 
either with or without oxygen pressure, could be observed. It appears 
that with a suffident dilution of chlorine ions the passive state can be 
induced in halogen solutions: a fact not heretofore demonstrated. 

Summary and Conclusions. 

From the foregoing results it appears that to the six factors, mentioned 
in the introduction, which condition the passive state is to be added a 
seventh: The concentration of dissolved oxygen about the anode. In¬ 
deed, this is apparently the determining factor. When all these factors 
are taken into account, constant results are obtainable with respect to th$ 
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time required to render iron passive with a given current in sulfuric add 
and in nitric add a critical current density is determinable. 

In a previous paper by one of us 1 it was stated that of the various theories 
concerning passivity none were satisfactory and that the writer had none 
to offer. It is desired here to formulate the ideas which have been de¬ 
veloped by 'several years more or less of continuous investigation of the 
problem. 

It would appear that of the various views offered several are correct 
so far as they go and for that reason were to a certain extent justified. 
The most satisfactory explanation of passivity is that furnished by Faraday 
—not the so-called Faraday explanation as perverted by Beetz and 
Wiedeman, but rather his statement that the state is one of a “very 
delicate equilibrium" between oxygen and iron. According to Le Blanc 2 
iron has a limited rate of ionization at a given temperature. This may be 
taken as at least a reasonable hypothesis. If, now, a current is tending 
to leave an anode at a rate which requires solution of the metal, in accord¬ 
ance with Faraday’s law, at a rate greater than the anode can ionize, 
then either the current pressure must increase the rate of ionization, anions 
must separate on the anode, or the current is retarded. If the anion is 
liberated and is of a type which when liberated covers the anode, one of 
two things occurs: ist, When the anodic covering is highly non-conducting 
material, the current is cut off and the anodic deposition slows up or ceases. 
This is the type furnished by the reactions with cyanides, oxalates, etc. 
and. In the case of compounds which readily liberate oxygen under anodic 
conditions, deposition of the gas on the surface takes place. When such 
deposition begins in effect, the surface of anode exposed is lessened and the 
rate of deposition is consequently increased. This explains the “spread 
of passivity” over an iron anode, which is a visible phenomenon. The 
anode being covered by a film of oxygen is no longer an iron anode but 
a gas electrode. The single potential measurements recorded by Schoch 
and others , 8 are then simply measurements of the potential of oxygen 
electrodes and have no relation whatever to the potential of iron itself. 

It appears that oxygen is occluded by the iron. This conclusion is reached 
not alone from the fact that single potential measurements of iron and nickel, 
etc., when passive, are different but because maximum potentials are so 
reached. Also from an uncompleted investigation in this laboratory 
it appears that increase of oxygen pressure does not, at least at small 
pressures, increase the anodic potential shown by iron anodes. 

The appearance of the passive condition on metals when they are simply 
immersed in electrolytes, as iron immersed in concentrated nitric acid, 
1 Lee. cU. 

* Z. Elektrochem,, ti 9 9 (190$). 

T. M Wlfcnore, Z . physik. Ckm ., 291-332 (1900). 
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chromate solutions, etc.! is to be accounted for by the presence of pure 
oxygen in these solutions. That such is the case is scarcely to be questioned 
if the principles of equilibrium reactions are taken into account. In the 
experimental portion of this paper it is shown that iron as an anode may 
be rendered passive in highly dilute hydrochloric acid. This is as it should 
be, when it is recalled that in the electrolysis of hydrochloric acid the pro¬ 
portion of oxygen liberated at the anode increases with dilution. 

While the facts shown by Muthman, Heathcote and others, with re¬ 
spect to air or in.a vacuum, argue strongly against the existence of an oxide 
film, they are to be expected if occluded oxygen is the real passive anode. 
It is, perhaps, not desirable to enter further upon a discussion designed 
to show how completely the facts accord with the view just presented, 
but we will content ourselves with a brief and clear restatement. 

We consider passivity, not associated with a visible film, to be due to 
the rate of ionization of certain metals, being insufficient to carry currents 
of greater than certain densities. When such current density is exceeded, 
oxygen electrodes, consisting of occluded oxygen, are formed in oxygen 
electrolytes. Non-anodic passivity is likewise due to occlusion of oxygen 
and consequent protection of the metal from attack. 

University or Washington 

LEAKAGE PREVENTION BY SHIELDING, ESPECIALLY IN 
POTENTIOMETER SYSTEMS. 

By Walter P White. 

Received July 20, 1914 

This paper describes methods of making insulation more effective in 
electrical measuring systems by diminishing the influence of disturbing 
electromotive forces, both external and internal. 

These methods, whose principles were known for at least ten years be¬ 
fore their application to the potentiometer, are no more needed by the 
potentiometer than by other instruments of equal delicacy, but are ex¬ 
ceptionally effective with it. They are not needed where insulation is 
quite adequate, as it usually is in dry weather, and an enormous amount 
of excellent work has certainly been accomplished without them, so that 
they are sometimes regarded, on first acquaintance, as an unnecessary 
complication. But in damp weather they have often proved both indis¬ 
pensable and very efficient, yielding results of the highest precision un¬ 
der conditions that would have been nearly hopeless without their aid; 
while as to complication, the arrangements, once installed, require no at¬ 
tention whatever, and the time of installation, an hour or two, is less than 
may be required to even locate one of the leakages that might occur 
through their absence. 

The general principle of the methods appears most simply in the pre¬ 
vention of external leakage, that is, of disturbances due to stray currents 
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from heat* light, or power circuits, etc. Suppose, for Instance, that as a re¬ 
sult of leakage from no volt circuits the top of the table on which a thermo¬ 
element is situated is at a potential 60 volts different from a neighbor¬ 
ing table, where stands the corresponding potentiometer (Fig. 2 a). If 
insulation is at all defective a current will flow from one table to the other 
through the measuring system, and some of this will traverse the gal¬ 
vanometer, causing a false deflection. And since the maximum electro¬ 
motive force of a thermoelement rarely exceeds 0.02 volt, the current due 
to 60 volts, even if very feeble for such an electromotive force, might be 
rather large compared to the thermoelement current. An insulation 
resistance of 5,000,000,000 ohms would usually be needed to prevent it 
from causing an error of 1 microvolt in the absence of some such arrange¬ 
ment as that to be described. 

If Fig. 1 represents, in simplified fashion, the measuring system, and the 



Fig. x.—Circuit diagram. 


leakage current enters and leaves by 
the two points A and B, the leakage 
deflection can be reduced in three 
ways: 1 

(a) By improving the insulation. It 
is, of course, only where this cannot be 
done sufficiently that other methods 
are necessary. 

(b) By diminishing the resistance 
A C B, so as to shunt the leakage 
current away from the galvanometer. 


(c) By diminishing the external voltage between A and B. 


The last can be accomplished by means of an equipotetUial shield . In 


the present instance this shield might be two sheets of tin plate, one cov¬ 
ering each table, with a wire making connection between the two. The 


apparatus remains insulated from the plates, just as it was before from 
the tables. The essentials of the arrangement are shown in Fig. 2, which 
shows a measuring system first unshielded and then shielded. The leak¬ 


age current from the exterior voltage cannot now reach the points A and 
B without first encountering the shield, and, since the sh iel d is a very good 
conductor, the current will pass along it, but without producing in it any 
appreciable difference of potential. The shield therefore an equipoten - 
tied body, and the voltage available for producing a current between A 
and B has been reduced from 60 volts to a very small quite negligible 
fraction of a volt. There is in this case no change ii^ the resistance A B, 
and none is needed. The protection is practical^ absolute. 

In general, the necessary and sufficient condition qf this absolute pro- 


1 A discussion of these methods will be foundjn ** potentiometer Installation 
Especially for High Temperature and Thermoelectric wont," Pkys. Rev., ag, 340 (1907). 
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tection is that the shield should interpose itself between the measuring 
system and the environment at every point where leakage can occur 
Leakage ordinarily does not occur through the air, hence protection is 
needed only where solid bodies are in contact with the system, but m very 
hot furnaces, where the ionized air conducts, a practically complete 
boxing in is necessary for perfect protection. Of course electric lights, 
motors, etc., which may be on either of the tables of our illustrative case, 
must be shielded off, but this does not mean that the shield must be bent 
up so as actually to come between the light or motor and the potentiom¬ 
eter. It will do its work quite as well if the motors, etc., merely stand 
on it. As long as the current cannot reach the measuring system with- 



m 

Fig. a —Diagram of possible leakage paths in (a) unshielded, (6) shielded, system of 

apparatus . 


out being conducted by the shield (whether through or along it makes no 
difference) the protection is complete. 1 This of course involves that the 
motors, etc., must not touch anything which also touches the measuring 
system, except the shield. Tor instance, if each is insulated from the shield 
by linoleum, the linoleum under the potentiometer must be a different 
piece from the other, otherwise a current might leak along the surface 
of the linoleum from motor to potentiometer, outflanking the shield. In 
most cases no trouble would result in this particular way, but this would 
be due to the insulating power of the linoleum, not to the shield, and the 
1 This necessity may perhaps be satisfactorily expressed by saying that the inter* 
position must be Metrical but not necessarily g/umstHcal, 
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protection would not be do certain as with the insulating material in two 
separate pieces. 

* It may be supposed that the shield would be more effective if “earthed” 
by connecting (say) to a gas or water pipe, as in electrostatic experiments, 
but this use of the electrostatic analogy is quite misleading. In electro¬ 
static work the lines of force are often important, and these may run to 
the walls of the room. These walls are really “the earth” for experiments 
within that room, and are often conveniently reached through a connec¬ 
tion to the iron pipes. With the potentiometer system, on the other 
hand, all effects through or in the air are (ordinarily) quite negligible; 
the shield arranged as above described is, with the air, an absolutely com¬ 
plete enclosure as far as concerns the only thing—leakage currents— 
whose effect is to be prevented; the connecting of pipes or any other ex¬ 
ternal thing to this shield cannot possibly be of any advantage electrically 
and may prove a harmful complication, introducing another source of 
leakage currents. Mechanically , a pipe system may sometimes prove con¬ 
venient as part of the shield, and may then perhaps be justified in spite 
of its electrical disadvantages. 

Failure is practically impossible with a properly arranged shield. A 
proper arrangement is more certain and permanent if the plan is simple, 
and the connecting wires well soldered, and stout enough to be secure 
from accidental rupture. 1 Of course those using the shielded apparatus 
should understand that the connecting of lighting circuits, etc., to any¬ 
thing inside the shield gives a chance for leakage trouble, and ought not to 
be done without first insuring that no detrimental leakage will result 
therefrom in that particular case. In the Geophysical Laboratory the 
tables have metal legs; connecting these legs into the shield shields the 
table top and everything on it. Wooden tables have been shielded 
by putting, between the legs and the floor, metal plates, connected to each 
other and to the rest of the shield by stout and stoutly fastened wires, 
running down the table legs. The connecting cables are suspended from 
overhead wires; connecting these wires into the shield shields the cables. 
Other apparatus is shielded by putting it on metal plates which are con¬ 
nected into the shield, sometimes by suspending it from wires similarly 
connected or—in the furnaces—by a more or less complete enclosure. 

Shielding during Energy Measurements. 

There are *two cases where the simple and complete form of shield just 
described must or may be modified. One is where the high voltage cir¬ 
cuit must be brought within the shield in order that the potentiometer 

will generally be worth white to arrange the shield so that all its parts are elec¬ 
trically in series, and so that connection can readily be made to the two ends of the line. 
The integrity of the whole shield can then be easily tested by seeing if a current readily 
passes through it 
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may be used to make measurements upon it. Here the measuring system 
is kept at a definite potential by the connection with the power circuit, 
and so is not free to come to the potential of the shield. It is therefore 
necessary 1 to bring the shield to the potential of the measuring system, 
which* is accomplished by connecting the shield directly to the high volt¬ 
age circuit very near the point where the measuring system touches it. 
This insures that the potential of the shield shall not differ much from 
that of any part of the measuring system, which is, of course, the essential 
condition for effective shielding. 

One other condition is generally necessary in this case. If the current 
through the measuring coil is that which passes through a heating coil 
(the commonest application in calorimetry of this sort^of measurement), 
exactly the same current must pass both. This can be insured by con¬ 
necting the shield to the high voltage circuit just outside the measuring 
connection, and not between measur- 
ing coil and heating coil, that is, at 
H, not K, in Fig. 3. Then stray 
currents passing to or from the heat¬ 
ing circuit by way of the shield (such 
as may readily exist, and of relatively 
large magnitude) will pass around both 
the coils if they are going to the 
negative terminal, and through both 
if to the positive. The current 
through the heater, therefore, will be 
correctly measured by the voltage across the other coil, no matter 
where all of that current comes from. If the connection is to the 
point K, between the two coils the same sort of leakage currents will 
always pass through one and around the other. 1 

Special Arrangements with Electric Furnaces. 



-To measuring 
instruments 


External shield 
Fig 3 —Protective connection for high 
voltage system within the shield. 
Correct from H, wrong from K 


In electric furnaces ionization gives the air a conductivity which increases rather 
rapidly from 1300 0 up. Shielding from the heating current therefore requires a con¬ 
ducting enclosure which must be practically complete in the furnace, though it deed 
not be strictly air-tight Such an enclosure, of course, must' usually be of platinum, 
and is therefore somewhat expensive, as well as often inconvenient. While it is nearly 
or quite essential for high precision (readings to 1 microvolt or better), it can well be 
omitted in general. In that case its place inside the furnace is taken by a loose spiral 
1 Necessary, that is, if any shielding is necessary. It is always true that where 
insulation is quite effective the shield is not needed, but the shield is used, and the 
present article applies in all cases where a reliance on insulation alone is impossible 


or undesired. 

* Leakage to K from the other terminal, L, of the heating coil will evidently pro¬ 
duce the same sort of error as a connection to K. It can be prevented by putting around 
L an arm of the shield, that is, a small shield connected to the main shield. Cf. ** A 
Test of Calorimetric Accuracy/' Pkys . Rev., 31, 687 (1910). 
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of wire. Which gives Imperfect protection; but the effect of the shield may he supple¬ 
mented by the other two methods of controlling leakage mentioned above, namely, 
improvement of insulation, and shortening of the shorter leakage path in the circuit 
(A B, Fig. x). 

The length of this shorter path is sometimes controlled by the conditions in the 
furnace, when both A and B of Fig. x He within the ionized region. Usually, however, 
the leakage is found to increase in damp weather, which shows that one of the points, 
say B, is out in the room, since of course the dampest weather does not affect the inside 
of a furnace heated to 1300 °. If, now, a point on the thermoelement just outside the 
furnace is connected to the shield, the current which leaks into the thermoelement 
inside the furnace (that is, at A) will run to the shield at once along the new connec¬ 
tion, and no longer go on to the former point B. This particular arrangement has 
sometimes proved useful, but generally fails, because, though it shortens A B of Fig. 
x, it also increases the leakage current by providing an easier path for it. Two modi¬ 
fications of the plan, however, are valuable, (a) In one the connection to the shield 



Fig. 4.—Fenner’s method of shielding in elec¬ 
tric furnaces. 


runs into the furnace, and to the very 
junction of the thermoelement 1 (Fig. 4). 
Here, though the leakage path is good, 
the distance A B is exceedingly short, 
moreover for any leak from A to B 
there is likely to be a nearly equal leak 
from A' to B, whose effect on the 
galvanometer is opposite 4 Experience 
has shown this arrangement to work 
very well. ( b ) The second modification 
of the short connection plan gives a 
short path A B, and at the same time 
decreases the amount of leakage. It is 
obtained by putting an internal shield 
between most of the apparatus and the 
external shield, making the short con¬ 
nection to this internal shield, and then 
insulating the whole arrangement. The 
added insulation can consist of a few 
hard rubber blocks, simple, accessible, 
and easily made more effective, as a 
rule, than the regular insulators of the 


apparatus. The total leakage will thus be less. At the same time what there is will 


have to traverse the shield, and hence will take the full metallic path to the shield. 
This path will be a connection to one of the thermoelement leads, or to the negative poten¬ 
tiometer terminal, h^tapa the path A B will be short. Of course the internal shield 
must cover all the jm nts, wherever they are, at which leakage from the measuring 
system to the extern#! shield may take place, and may therefore have to be rather ex¬ 
tensive. The effectiveness of any part of it can be told by disconnecting that part, 
and noting t& rtfiffilng effect on the deflection which is produced by connecting a 
battery cell betufoen measuring system and external shield at the furnace. The useful- 


1 An arrangement apparently first used by C. N. Fenner, of this laboratory. 

• Even if tfipe irere no connection to the shield at B, the leak from A tq B would 
stiU be balanced ft the galvanometer by one from A' to B. This is probably the reason 
why leaks wholly nfitWp the furnace are seldom noticeable in ordinary thermoelectric 
measurements. 
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sets of this type of internal shield is probably limited to cases where an electric furnace 
is used. 

Internal Battery Shield. 

For thermoelectrical work, and in some similar cases, not specially con¬ 
sidered here, a different form of internal shield is to be recommended, 
namely, one which diminishes leakages due to the potentiometer battery 
(or Wheatstone Bridge battery) itself. The ability to gain an advantage 
through this type of shielding arises from the very low voltage of the thermo¬ 
electric reading. This seldom reaches 0.02 volt, hence the potentiometer 
might be operated by a battery of 0.02 volt electromotive force, which, 
as far as leakage alone is concerned, would be more advantageous than the 
present custom. By shielding against most of the battery' voltage the 
leakage can be made no greater than is due to o. 02 volt or less, while the 
other advantages of an ordinary battery are retained. Of course the 
leakage with an unshielded 2-volt battery will be considerably less than 
that coming from the fifty volts or more which often occurs externally. 
Nevertheless, the battery leakage may evidently be appreciable if the 
insulation resistance at any one of several points falls much below 100,- 
000,000 ohms; and the battery shield, like other shields, costs very little 
trouble to instal and none to maintain. It is, therefore, w any rate a 
method of simplifying matters by eliminating absolutely one possible 
source of error. 

The batteiy shield is precisely analogous to the external shield as used 
in power measurements. It shields the whole gavanometer circuit from 
the rest of the battery circuit and it is kept at the same potential as the 
galvanometer circuit by a connection to the battery circuit near the 
galvanometer circuit. It therefore must effect an “electrical” separation 
(in the sense defined in the second foot-note to this paper) between the 
galvanometer circuit, on the one hand, and the battery, with other 
associated apparatus, on the other. A metal plate under the battery 
and associated apparatus, or «'omethmg equivalent, is all that is needed. 1 
The plate need not extend under the rest of the galvanometer system. 
The connection from circuit to shield can be made through the poten¬ 
tiometer (battery) terminal nearest in potential to those potentiometer 
coils which may lie in the galvanometer circuit, that is, through the ter¬ 
minal nearest in potential to the zero points of the potentiometer dials. 1 

1 The necessary conditions are also met, in the case of the battery, if that is sus¬ 
pended by a wire connected tb the plate—a very convenient arrangement in many 
cases. Of course the upper end of the wire should be suitably insulated from other 
apparatus. 

* A connection made to a point between the galvanometer circuit coils and the 
coil used to bal ance the standard cell causes the same sort of error as a connection to 
K in Fig. 3. In general, t his cannot happen if the connection is to the potentiom¬ 
eter terminal nearest the zero, but it may occur, if not guarded against, whenever 
the standard cell coil is in a separate box. 
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Since the batteryshield is connected to the measuring System it must 
be insulated from the external shield, unless the system is sure to be insu¬ 
lated from the external shield at every other point. 

In a combination potentiometer, each battery circuit should be shielded. 

Surface Shielding. 

Further extensions of the battery shield are often desirable, and are 
made easy by a different method of arranging the shield, which is admissi¬ 
ble in many cases. It has already been seen that wherever insulation is 
effective shielding is unnecessary, and that this principle is applicable 
to the air, which (usually) is the seat of no leakage. The same thing 
is true of the interior of blocks of hard rubber, porcelain, etc. All the leak¬ 
age that goes by these passes over their surfaces. With them, therefore, 
shielding is quite complete which intercepts all the surface leakage, and 
this may be very easily and effectually done by simply pasting strips of 
tinfoif on the surface, connecting these, if necessary, to the other parts 
of the shield. 

The Battery Shield and the Eliminating Switch. 

In making the adjustment or eliminating parasitic E. M. F.’s 1 from the 
galvanometer circuit, the usual treatment of the battery current has been 
either simply to interrupt it, or, with potentiometers of lower resistance, 
where interruption would impair the constancy of the voltage, to switch 
the current through another resistance equal to the potentiometer. In 
either case there will sometimes be, between different parts of the switch, 
potential differences equal to the whole battery voltage. It will then be 
necessdry, if the insulation cannot be thoroughly relied on, first, to bring 
the battery shield into the switch, by surface shielding or otherwise, in 
such a way that when the switch is open the two or three terminals with 
their leads shall be completely shielded from each other, and second to 
put the switch at the opposite end of the potentiometer from the shield 
connection, since it is evident that a shield connected at the same end can¬ 
not prevent the leakage current through the open switch from traversing 
the potentiometer. 

The necessity for shielding in the switch is, of course, avoided by the 
newer arrangement described in connection with Fig. 7 of the previous 
paper on potentiometers,* where the negative terminal of the battery is 
merely shifted from the negative potentiometer terminal to a point just 
beyond the galvanometer circuit coils so as to eliminate these coils, and 
these only, from the battery circuit. All parts of the switch then remain 
at nearly the same potential. The substitute resistance is also usually 
avoided, though if the slight change of current due to the side-tracking of 
1 As described in the first paper of this series, Sec. 5; This Journal, 36, 1839 
(« 9 * 4 >- 

•This Journal, 36,1876 (1914)- 
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the few coils should make the battery a little inconstant, a small sub¬ 
stitute resistance can be put in series with the extra terminal. With this 
arrangement the switch must come between the potentiometer terminal 
and the connection to the shield, for in that way only is the necessary 
direct connection of shield to battery circuit preserved. Otherwise, 
when the intermediate terminal is in use the shield is connected to the 
battery circuit through the eliminated coils, which are therefore traversed 
by any leakage current which may be returning by way of the shield. 

Leakage on the Potentiometer Top. 

A hard rubber potentiometer top, if not carefully shielded from light, 
may easily become, in the course of a few years, the leakiest part of the meas¬ 
uring system. This trouble, however, can usually be corrected without 
difficulty, (i) In low range potentiometers, shielding upon the potentiom¬ 
eter top is easy, for (a) the leakage is confined to the external surface, 
so that tinfoil strips are adequate, and (6) the positive terminals of the 
potentiometer and of the standard cell coil are the only points far from 
the negative terminal in potential and therefore the only points to be 
shielded. 

(2) The leaky condition of the hard rubber can also be direr* ly removed 
by warming the top in one place after another with the radiation from an 
incandescent light, and then applying melted paraffin. This cure is not 
permanent, at least not on rubber that has once been leaky, such a treat¬ 
ment has twice needed repetition in the course of three years. The opera¬ 
tion, however, is not long nor difficult. A very effective control of leakage 
by means of it could hardly be called laborious. 

Good results in leakage prevention are also reported for the method 
of occasionally wiping the hard rubber surfaced with dilute ammonia. 

In case a new instrument is to be set up it might often be well to cover 
it with a light-proof case, through the top of which pass rods for opera¬ 
ting the switches. The same end is readily attained with a glass-topped 
potentiometer, 1 by simply laying a black cloth on the glass. 

Final Considerations. 

In the thermoelectric system described in this and other papers of the 
present series, leakage has proved to be—barring, of course, accidents 
and outright mistakes—the only considerable source of unexpected 
errors. The methods of leakage prevention here described, therefore, in¬ 
crease greatly the certainty and reliability of the system, and, being very 
simple and easy to instal, are to be recommended. Such of them as have 
to do with the insulating quality of surfaces need, of course, to be tested, 
/but the tests are not difficult and need not be made often Battery and 
other electrolytic leakage is not much affected by the position of the poten- 
1 Walter P. White, Instrumenienkvndc, 34, 79 (*9*4)- 
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tiometer switches; 1 hence, it can he tested for by connecting the external 
Hne directly to the external shield, setting the switches on zero, and then 
noticing if any change of deflection occurs on connecting or disconnecting 
the battery. The connection to the external shield in this test may be 
omitted if it is certain that the insulation between that and the measur¬ 
ing system will be as good in later work as it is at the time of the test. 

The effectiveness of the external shield is certain if the shield is com¬ 
plete and is intact. Furnace leakage through an incomplete shield can 
be detected by reversing the furnace current, and the resulting false 
deflection (usually) can be measured by interrupting it. 

Summary. 

x. An insulation resistance of 5,000 megohms or more is often necessary to 
prevent serious disturbance of thermoelectric measuring systems from stray 
portions of power or lighting currents, and the frequently more sensitive 
resistance measuring system is of course in greater danger still. All 
such trouble is absolutely prevented by an equipotential shield, which is 
merely a connected system of metal plates, wires, etc., which interposes 
itself at every point of solid contact between the measuring system and 
external bodies. This shield need not be, and preferably should not be, 
“earthed.” 

2. Slight modifications of this shield are also useful in electric furnaces, 
in measurements upon power circuits, and within the potentiometer cir¬ 
cuit itself. 

3. These arrangements are easy to instal; most of them require no 
subsequent attention, and all are easily tested. 

OxorartiCAx. Laboratory, 

Cabmbodc iNtrmmoM or Washington. 

Wamunoton, D. C. 


[Contribution from the Chemical Laboratory of the University of California.] 

THE VAPOR PRESSURES OF SILVER, GOLD AND BISMUTH 

AMALGAMS. 

By Ebxoi} Dwioht Eastman and Jo*l H. Hildebrand. 

Received August 10, 1914. 

The measurements presented in this paper on the vapor pressure of 
amalgams of silver, gold and bismuth are a continuation of an extensive 
study, planned and begun by one of us, of the laws of concentrated solu¬ 
tions from tie standpoint of metallic solutions. Measurements on the 
vapor pressures of zinc amalgams have already been published, 1 and 
measurements by others of the electromotive force of amalgam concen- 
1 This statement Is here intended to apply only to the case of thermoelectric 
work, where the maximum change of switch setting is only a few millivolts. 

* Joel H. Hildebrand, Orig. Com. 8 th Internal. Congr. Appl. Chan aa, 147; Trans. 
Am. Blectrochom. Soc., aa, 319 (191a). 
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tration cells have been considered) 1 along with the vapor pressure measure¬ 
ments) in the light of Raoult’s law, taking account, following Dolezalek, 1 
of chemical c h a n ges such as solvation and association. For the progress 
of the work up to this point, as well as references to the literature on the 
subject, we would refer the reader to the previous papers. 

Experimental Method. 

The procedure followed has been essentially that used in the measure¬ 
ments on zinc amalgams. The amalgams whose vapor pressures were 
to be measured were confined in U tubes of the type shown in Fig. i, in 
volumes a little more than sufficient to fill the closed limb of the tubes. 
The tubes'were filled by introducing mercury and the metal in the desired 
proportions, the amalgamation and mixing being accomplished by the 
subsequent heating and vigorous agitation of boiling out. The angles 
in the tubes prevented portions of amalgam being carried over by the vapor 
during the boiling out. For the 
oxi&izable bismuth amalgams, 
tubes like that of Fig. 2 were 
used. In this case the amalgams 
were formed by heating known 
weights of the constituents in the 
arm a, in an atmosphere of hy¬ 
drogen. When the amalgams 
were run through the capillary b t 
into the U, all dross remained 
behind. The tubes were then 
sealed off at 6. Hydrogen being 
now the gas in the tubes and 
apparatus, there was no oxida¬ 
tion. 

When filled, the tubes were 
placed in the thermostat, con¬ 
nected to a mercury manometer 
as shown in Fig. 3, and boiled out under reduced pressure to eliminate 
gas in the closed arms. Pressure in the open arm, sufficient to balance 
the pressure of mercury vapor in the closed arm, as indicated by the 
coincidence of the levels of the amalgam menisci, was then restored. 
After allowing time for thermal balance to be obtained, finer adjust¬ 
ments of pressure wrere made by means of the mercury reservoir shown, 
and the pressures read on the ma nometer. The relative pressure of 
solution and solvent being the quantity sought, a tube containing pure 

1 Orig. Com. 8 th Internal. Congr. Afpl. Chem„ 22, 139; Trans. Am. Electrochem. 
Soc. t 22, 335 (1912) 

1 Z. physik. Chem., 64, 727 (1908); 71, 191 (1910). 
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mercury was connected to a separate manometer of the same type, and 
observations made upon it immediately following and under the same 
conditions as the amalgam determinations. From these measurements, 
also, the temperature was given by the careful measurements of Smith 
and Menzies 1 on the vapor pressures of mercury. 

The thermostat consisted of a tall beaker resting in a similar beaker 
one size larger, which served as a jacket. Fused sodium and potassium 



nitrate mixture, vigorously stirred, furnished the bath for the tubes, 
heated by the vapor of boiling phenanthrene in the outer beaker. The 
outer beaker was protected to the level of the inner bath by a glass cylinder 
cut from another beaker. The exposed portion acted as a condenser for 
the phenanthrene vapors. A M 4 ker burner was the source of heat. In 
starting the thermostat, the nitrates were fused separately and poured 
into the inner beaker, which was already heated by the boiling phenan- 
1 This Journal, 33, 1434 (19x0). 
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threne. At the conclusion of a run both the nitrates and the phenanthrene 
were removed from the beakers. During observations the top *of the 
thermostat was covered as well as possible with strips of mica. The con¬ 
stancy of temperature attainable may be seen in the tables of results. 

Sources of Error. 

The quantities to be determined were the relative vapor pressures and 
the atomic fractions of the amalgam constituents at constant temperatures. 

The variation of relative pressure with the temperature is not large. 
The practically simultaneous determination of the pressures from amalgam 
and mercury, therefore, eliminate the observed variations in the tem¬ 
perature as serious sources of error, provided equilibrium wag reached. 

The error due to impurities in the materials would appear in the estima¬ 
tion of the atomic fraction. The mercury used was carefully purified 
by washing in dilute nitric acid 1 and distilling in a current of air. 2 The 
gold and silver were also purified in the laboratory by the usual methods. 
Kahlbaum's bismuth was used. Since there are no abnormally large 
effects due to traces of impurities, the error from this source was 
negligible. There were slight variations from the values of the con¬ 
centrations, as had from the weights of the constituents, on acr ount of the 
condensation of small amounts of mercury in the upper portions of the 
tubes. This, too, was negligible, except in the case of the extremely 
concentrated bismuth amalgams. Here a correction was made by weigh¬ 
ing the condensed mercury. It was, of course, always possible, though 
seldom necessary, to analyze the amalgams after the experiment, if any 
doubt as to its composition existed. 

The accuracy of the results was determined, it is seen, by the accuracy 
of the pressure determinations. This was preserved, as far as possible, 
by the elimination, by boiling out, of the gas which it was found was 
given off by the glass in varying amounts in the closed arm during de¬ 
terminations. Condensation of the vapor of mercury in the closed arm by 
increasing the pressure permitted very small amounts of gas to be de¬ 
tected at the point of the tube. The tubing was of large enough diameter 
to minimize any unequal effects of surface tension in the different arms 
of the tubes. An incandescent bulb placed behind the thermostat enabled 
the menisci to be easily observed. The error in adjustment and reading 
of the pressures, it is estimated, was not greater than a millimeter. This 
was greatly reduced by making a number of observations for each de¬ 
termination. The degree of agreement of these separate observations 
among themselves can be seen from the tabulated results. Due, probably, 
to increasing skill in manipulation, this was markedly better in the case 
of bismuth than of gold. 

1 Hildebrand, This Journal, 31, 933 (1909). 

* Hulett, Pkys. Rev., 33, 307. 
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Silver Amalgam .*-In Table I axe given the results upon the vapor 
pressure of the single silver amalgam investigated. From a preliminary 
series of measurements it was found that silver is but slightly soluble in 

Tabus I.—Silver Amalgam. 



P. 

Pc 

*/Pc 

f. 

Wt. Ag 0.1783 

318.2 

325.3 

0.978 

313.1 

Wt. Hg 14.013 

3x8.2 

325.7 

0*977 

313-2 

N ■» 42.27 

318.4 

323.7 

0.977 

313.2 


315.4 

324.7 

0.972 

313.0 


317.7 

324.7 

0.979 

313.0 


318.x 

325.7 

0.977 

313 .1 


Mean, 0.9767 313.1 

N/N + 1 0.9769 

mercury, even at these temperatures. On that account but one accurate 
determination was made. In the table, P denotes the vapor pressure of 
the amalgam, P Q that of mercury at the same temperature, t the cor* 
responding temperature, according to the measurements of Smith and 
Menzies, 1 and N the number of atoxps of mercury per atom of solute metal. 

Gold Amalgams .—In order to save space we give the individual ob¬ 
servations on but one amalgam, as a sample, in Table II. The results 
of the other series of observations are merely summarized in Table III, 
including the “probable error” of each set of observations of P/P e , cal- 

Tablb II.—Gold Amalgam. 

p. Po. P/Po. s. 

Expt. No. 27 344.9 330.1 0.986 316.7 

Wt. Au 0.2018 g. 346.5 353*3 0.982 316.1 

Wt. Hg 13.328 g. 345.3 3515 0.983 3167 

N m 65.0 348.0 352.9 0.990 317.1 

N/N + 1 - 0.985 351.5 355-2 0.990 317.4 

3515 356.1 0.988 317.6 

351.0 355 5 0.988 317.4 

351.9 356.3 0.988 317.6 

351.3 356.5 0.987 317.4 

352.0 356.1 0,988 317.4 

352 7 356.1 0.991 317.4 

Mean, 0.987 317.3 

• » 

culated by the usual formula. These results are represented graphically 
in Fig. 4, relative pressures, P/P 0 , being plotted against the atomic 
fractions of gold, i/N + 1. 

Bismuth Amalgams .—Here again we will not burden the text with an 
extended series of tables of the separate series of observations^but summar- 

1 hoc. tit. 
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TABU^II. 3 bouD Amalgams. 



Wt Au 

Wt Hf 

No of obs 

N 

if ft + / 

P/Po 

"Prob error” 

* 1. 

O 2018 

13 328 

XX 

65 0 

O 0152 

O 987 

O 0006 

317 3 

O 5707 

14 002 

*4 

24 1 

0 0398 

O 979 

0 0005 

3x6 6 

O 7436 

12 541 

13 

x8 14 

0 0652 

O 968 

O 0006 

3*5 4 

0 997 

13 125 

10 

12 96 

0 0717 

0 955 

0 0006 

3*7 5 

x 269 

12 666 

8 

* 9 84 

0 0925 

0 950 

0 0014 

313 0 

I 354 

IX 796 

6 

8 81 

0 1046 

0 945 

O 0005 

319 8 

x 636 

12 441 

12 

7 48 

0 1179 

0 942 

0 0006 

3*7 5 

2 363 

13 125 

3 

5 56 

0 153 

0 931 

0 0013 

3*5 9 

# 109 

13 125 

2 

4 22 

0 191 

0 933 

0 0013 

3*6 2 


the mean values, giving the calculated “probable error" of the ob¬ 
served ratios P/P 0 . The summary is given m Table IV. The results 
are plotted m Fig. 4, the ordinates, as before, being the relative pressures 
P/P 0 and the abscissae the atomic fractions of bismuth 1 /N 4- 1. 


Tabjub IV —Bismuth Amalgams 


Wt Bi 

Wt Hg 

No of 
obs 

N 

i/ft + 1 

P/Po 

obs 

*'Prob 
error * 

t 


P/Po 

calc 

Difference. 

0 4125 

7 388 

5 

18 57 

0 0510 

O 961 

0 0007 

320 

3 

O 960 

-f-O OOI 

* 504 

20 690 

4 

8 3 * 

0 1074 

O 929 

O 0004 

320 

3 

O 927 

+0 002 

4 647 

14 644 

4 

5 73 

0 i486 

O 908 

O 0002 

321 

1 

O 904 

+0 004 

3 669 

10 757 

4 

3 05 

0 247 

0 840 

O 0004 

321 

0 

0 8 

—O 002 

7 865 

14 274 

3 

1 88 

0 347 

O 765 

O 0006 

320 

9 

0 765 

±o 000 

7 582 

8 485 

4 

1 16 

0 463 

0 650 

0 0005 

320 

3 

0 658 

—O 008 

11 201 

8 383 

5 

0 777 

0 563 

0 542 

O 0007 

321 

9 

0 552 

—O OIO 

12 576 

6 334 

5 

0 522 

0 670 

0 432 

O 0007 

320 

3 

0 428 

+0 004 

*9 598 

4 98o 

4 

0 262 

0 793 

0 278 

O 0004 

321 

7 

0 277 

+0 001 

9 328 

0 618 

2 

0 0686 

0 937 

0 092 

O 002 

321 

2 

0 088 

+0 004 


Interpretation of the Results. 

The expression most* frequently used for calculating vapor pressures of 
binary mixtures is Raoult's law, 

P/Po - N/N + i. 

It will be seen that the dilute silver amalgam investigated obeyed this 
law very closely, as all solutions undoubtedly would if sufficiently dilute. 
At this concentration, therefore, we may regard the atom and molecule 
of silver as identical, confirming the results of Ramsay. 1 

Turning next to bismuth amalgams, we see from Fig 4 that the relative 
vapor pressures are greater than those calculated from the simple Raoult 
law, which would give a straight line, as indicated There are two methods 
whereby such deviations have been accounted for. The first is to assume 
that Raoult’s law is fundamentally correct, and that all apparent deviations 
are due to a change in the real mol-fraction, caused by a change in the 
molecular species present. For example, if the bismuth were completely 
associated to form Bis, then there would be not 1 mol of bismuth to N of 
1 J. Ckem Soc , 55, 521 (1889). 



2096 


!M40tf gyawt and v. UTijiiO— .iiTnjji» 

A V 

but 0.5 mol, and the relatim-vdpr pressure of th& mercury 


mercury, but 0.5 mol, and the tehtfl^rappr 
would be given by the equation, 

P/Po « AT/AT + 0.5 


Such a modification of Raoult’s law gives values of P/P 0 for bismuth 



Fig 4 


amalgams which are too great. The next step would be to assume a 
partial association according to the equation 

2Bi ^ Bij. 

Here, if a represents the mols of Bis formed, ahd 1 — 2a the mols of Bi 
present, then we would have for the mol-fraction of mercury 

P/Po « N/N + 1 — 0, (1) 

a and N being connected with the equilibrium constant K of the above 
equilibrium by the equation 
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’ *' •' K(l —g*)*/(N + I -<*)* « a/(N + I - a) 

or K(l — 2a) 2 = a(N + I — a) (2) 

The elimination of a between Equations 1 and 2 gives the formula 
used successfully to calculate the relative vapor pressures of zinc amalgams 1 
and the e. m. f. of concentration cells of zinc, lead and tin amalga ms. 1 
In the present case, however, we find that the observations will not fit 
this type of curve. UK — 40/P/Po is given by the broken curve in 
Fig. 4. It will be seen that the relative pressures are given fairly well 
unjk^ a bismuth concentration of about 33 atom-per cent., but for more 
con^htrated amalgams the observed values lie considerably below the 
curve. Nor is it possible to improve the agreement by altering, the value 
of K. A smaller value of K would reduce the calculated values of P/P 0 
chiefly at the left end of the curve in the figure, rather than at the right, 
where i/N + 1 is large. The discrepancy could undoubtedly be removed 
by assuming a second equilibrium whereby there is partial formation of 
Bi 2 Hg. This would introduce a second equilibrium constant into the 
equation for P/P 0 , and give a very complicated expression, in spite of 
the fact that it would contain but two constants. The method for doing 
this is obvious, and it hardly deserves the space that it would require. 

The second method for calculating such curves is in accordance with 
the theory published in an important paper by van Laar. 1 As has been 
pointed out by Washburn, 3 the law of Raoult cannot hold where two 
liquids are present which are not completely miscible. The vapor pressure 
of either component must be the same from each liquid phase, while by 
no assumption can its mol-fraction be the same in both. In other words, 
the escaping tendency of one component from the phase composed largely 
of the other is greater than its mol-fraction in that phase, due, we may 
imagine, to the inability of molecules of the first component, having a 
volume 6, to penetrate as easily a liquid composed largely of molecules of 
the second, having a different volume, 6'. 4 Now, if such a system were 
subjected to a change of temperature so that the two liquid phases became 
one, we can hardly imagine that Raoult’s law would suddenly become valid, 
since the cause of the deviation when two liquids weqe present has been 
gradually diminished rather than suddenly removed. The idea under¬ 
lying van Laar’s treatment of the question is, therefore, undoubtedly 
correct, as he introduces the values of 6, in the sense of the van der Waals 
equation, and also a factor^ ft depending on the heat of mixing. Refer- 

1 J. H. Hildebrand, /. c. 

l Z. physik. Chem., 7a, 723 (1910); 8a, 599 (1913). 

* Xrans, Am. Electrochem. Soc., aa, 330 (1912). 

4 The influence determining this difference between the relative escaping tendency 
and the mol-fraction have been termed by Waahbura the "thermodynamic environ¬ 
ment." In view of the kinetic explanation one is led to feel that the adjective might 
be omitted without any real sacrifice of meaning. 
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etace must be made to the original paper for the derivation of his equations 
and their theoretical consideration. We will merely give the equations 
there derived for each component. 

fix* 

and P'/Po'”(i-*)e il+rx)i 

where 

r = (b — b')/b f t and x = Af/W + I. 

In our notation the vapor pressure of mercury from amalgams may be 
expressed in the simplified form 

P/Po - Ny/N + i 

where logioy *= a/(i + cAf) 2 . By making approximate solutions it was 
found that the measurements are given very closely by this formula when 
a * 0.1425 and c = 0.234. The curve corresponding to these values 
is drawn in the figure, the calculated values of P/P 0 corresponding to 
the measured values are given in the 9th column of Table IV, and the 
differences between the calculated and measured values are seen in the 
last column. The agreement is seen to be quite satisfactory. The values 
of a and c here used are quite empirical. Data upon the heat of mixing 
are not at hand, so that the value of a cannot be tested. However, c 
depends upon the ratio of b for mercury to that for bismuth. This would 
probably be not very different from the ratio of the molecular volumes 
at these temperatures, which is approximately 0.75. This would give to 
r the value —0.25, and to c, 0.75. This is quite different from the em¬ 
pirical value given above, so that the equation expressing the observations 
should hardly be considered, at least for the present, as having any theo¬ 
retical significance. 

The values of P/P 0 for gold amalgams, as will be seen from the curve, 
deviate strongly from the simple form of Raoult’s law as the concentration 
increases. The small solubility of gold in mercury at this temperature 
prevents any considerable portion of the curve from being realized ex¬ 
perimentally. The appearance of a solid phase at a concentration of 
about 15 atom-per cent, is evident from the curve, and was obvious during 
the experiment. The deviations are too great to be accounted for by the 
assumption of the presence of the compound AusHg, the existence of which 
is reported by G. McP. Smith 1 from evidence gained by diffusion ex¬ 
periments. 4 According to this assumption we should have 
P/Po « (N — 0'S)/N 

The graph of this equation is given in the figure, and it is obvious that the 
measurements could be accounted for only by assuming a molecule con¬ 
taining more gold atoms and dissociating rather completely in dilute 
1 This Jouxnax* 36,847 (1914)* 
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solution t* give Au mol ecu les. The construction of a curve on the basis 
of such assumptions would have very little theoretical justification, in 
view of the sm a ll range of concentration over which it might be tested. 
Turning to the equation in the form given by van Laar, we find that a 
satisfactory agreement with the observed values is obtained by taking 

log y - o.23/(i + 0.25AO 2 

The curve drawn through the points is calculated from these constants 
in the equation 

P/Po - Ny/N + 1 

These two methods of accounting for vapor pressures of mixtures seem 
to be very different, and they have been the subject of some harsh polemic 
between van Laar 1 and Dolezalek. 2 It would seem that neither point 
of view should prevail to the exclusion of the other. Undoubtedly there 
exist cases where chemical changes should be regarded as the chief modi¬ 
fying factor, and the treatment used by Dolezalek is substantially correct. 
It is equally certain, however, that all deviations from the simple law can¬ 
not correctly be accounted for in this way, and that curves, as drawn in 
Fig. 4, may be strongly convex upwards where no essentially chemical 
changes are involved, and where the general principle underlying van 
Laar’s treatment of the problem must be invoked. Some external evi¬ 
dence must be sought in many cases to decide in how far individual devia¬ 
tions from the simple law should be explained by one method or the other. 
For example, if we extrapolate from our measurements to find the condi¬ 
tion of bismuth when N = o, i. e. t when pure liquid bismuth is present, 
we find that according to the method of van Laar it might be monatomic, 
in spite of the convexity of the curve in Fig. 4, whereas, according to the 
method maintained by Dolezalek, it must be more or less associated. 
Now if we should find independent evidence as to the molecular weight 
of molten bismuth, we would be in a position to lend strong support to 
one or the other of these two points of view. A study of such evidence 
is being made, and will be the subject of a communication in the near 
future. We hope, also, that further light will be shed upon the subject 
by the vapor pressure measurements planned upon' other amalgams. 
For the present, therefore, we will forego further discussion, and rest with 
the presentation of the above facts. 

Summary. 

Measurements have been made of the vapor pressures of silver, gold 
and bismuth amalgams, at approximately 318°. Silver being but slightly 
soluble at this temperature, one measurement only was made, with an 
x L.e. 

phynk. Chem., 83, 40 (1913). 
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amalgam containing 1.37% of silver* Raoult's kw was fctind kbe 
obeyed within the limit of experimental error. 

Measurements with gold amalgams at concentrations up to 23.7% of 
gold showed the separation of a solid phase at an approximate composition 
of 16.5%. In the more dilute amalgams the vapor pressures were found 
to be greater than those calculated from the simple form of Raoult's law. 
The deviation is such that to explain it on the basis of Raoult’s law one 
would have to assume a rather complex gold molecule. The observations 
are very well expressed by the equation: 


P 
P. 


N 


I0 (l + 0 25 N)« 


N + I 

This equation corresponds in form to one derived by van Laar, but with 
values assigned to the constants which are purely empirical. 

Bismuth amalgams of all concentrations are liquid at this temperature, 
and, like gold amalgams, gave vapor pressures higher than those cal¬ 
culated from Raoult's law. If the validity of that law is assumed the devi¬ 
ations from its simple form could be explained by assuming the two 
equilibria: 


2Bi Bi 2 , and Bi 2 •+ Hg **""7 Bi 2 Hg 
This would give an equation containing but two constants, but complicated 
in form. Hie equation of van Laar, which permits deviations from 
Raoult's law without assuming association or other chemical changes, 
again expresses the observations very accurately when numerical values 
are chosen as follows: 


p m ~~°- 1425 ■, 

~ 10(1 + 0.234 *)’ 

P N +1 

It is pointed out, however, that too much stress should not be placed upon 
this agreement on account of the entirely empirical nature of the con¬ 
stants assumed. 

To decide to what extent deviations from the simple Raoult's law should 
be accounted for by either of the two methods, it is shown *that recoihfee 
must be had to other methods for distinguishing between normal and 
associated liquids. 

Berkeley. Cal. 


(Contribution from the Chemical Laboratory of Harvard College.] 

THE MEASUREMENT OF OXIDATION POTENTIALS AT MER¬ 
CURY, ELECTRODES. I. THE STANNIC-STANNOUS 
POTENTIAL. 

By Gnomon Shannon Fours and Edward Payson Bartlett. 

Received August 14. 1914. 

The Existing data on oxidation potentials are neither so abundant nor 
so concordant "as the importance of the subject would warrant. This 
remains true of the stannic-stannous potential, for instance, in spite of 
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careful investigations by Bancroft, 1 Fredenhagen,* Dokh,* and Foerster 
and Yamasaki. 4 Thus, Fredenhagen, working in solutions tenth-normal 
with respect to both hydrochloric add and tin, the stannic concentration 
being twenty-four times the stannous, noted potentials varying two- 
tenths of a volt, and not approaching constant or agreeing values after 
days of waiting. Dolch, working in several concentrations of sodium 
hydroxide, fared better, but did not record enough results to draw sweeping 
condusions as to the reprodudbility of his figures, or the effect of the 
variable concentrations. Yamasaki gives seven determinations, three 
with pink salt, three with half-normal add, and one with twice normal add 
where the concentration ratio of the tin salts is not recorded. Both 
of the last-mentioned investigators waited from five to twenty days 
before sufficient constancy attained to justify recording measure¬ 
ments. ,* 

It appeared that improvement would be impossible if platinutn elec¬ 
trodes were used as in the above researches. Fredenhagen has pointed 
out the difficulties arising from solutions which do not react readily with 
oxygen, and which thus fail to come into equilibrium with the hypothetical 
platinum oxides which are supposed to carry over the potential to the 
platinum itself. 

Of other electrode materials, gold and palladium were tried by Peters. 6 
Abegg 6 was probably the first to suggest the use of base metals, especially 
copper, though he did not publish any results. Mazzuechelli, 7 in his re¬ 
search on thechromic-chromous potential, used copper, silver, and mercury. 
His difficulties, as will be shown in a paper shortly to be published, lay 
in the decomposition of his solutions rather than in his electrodes, at 
least where mercury was used. This metal possesses the great advantages 
of a free surface on which hydrogen has a high overvoltage. Hydrogen 
undoubtedly deposits on platinum immersed in powerful reducing agents, 
and we have found that the potentials of such solutions are much more 
electronegative on mercury than on platinum, a strong point in favor of 
mercury electrodes. The effects of air on the two electrodes were studied 
in a stannic-stannous cell of the type described below, but provided with 
a platinum as well as a mercury electrode. This was brought to equilib¬ 
rium as pure carbon dioxide, then air was passed in for a time, then 
carbon dioxide again. The smgle«potentials were recorded as follows: 

1 Z. physiM l Chan., xo, 399 (1892). 

* Z. anorg. Chan ., 29, 443 (1902). 

* Z. EUktrochem., 16, 602 (19x0). 

4 Ibid., 17,361 (1911), 

1 Z. phyHk . Chan., 26, 198 (1898). 

1 Z. Elektrochan 13, 34 (1907). 

7 ZaUralbUU, 76, II, 294 (1905). 
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Equilibrium, COs....... 

. 0 

0.4U 

0.488 

Air pasted in. 

. 3 

0.46, 

0.341 

Air passed in. 

. 29 

O.449 

0.542 

Air passed in. 

. 66 

0.433 

0.546 

Air off, CO* on. 

. 74 

O.424 

0.520 

Air off, CO* on. 

. ..155 

0.408 

0.461 

Air off, CO* on. 

. 234 

O.409 

0-4/4 


The air evidently disturbs the potential on the platinum inuch more 
than on the mercury, and its effects are almost impossible to eliminate 
from the platinum, while the mercury quickly recovers. Hydrogen, 
on the other hand, was proved in a similar experiment to have very little 
effect on the potential at mercury electrodes. 

The assumption is made, and verified below, that when constant po¬ 
tential is attained the oxidizing potential of the extremely dilute mixture 
of mercury salts present is equal to that of the stannic-stannous solution. 

The single potential difference between mercury and its normal salts, 
1.07 volts, sets a limit to its use in the study of oxidizing solutions. Solu¬ 
tions approaching this degree of oxidizing power wbuld have to contain 
sufficient mercury salts at the start to avoid oxidation of metallic mercury, 
and as anion only perchlorate would be suitable. Perchlorate yields mer¬ 
cury salts freely soluble, and excess of the acid can be added to check hydrol¬ 
ysis without danger of oxidation due to the decomposition of the anion. 
In the presence of chloride, 0.56 volt, and in the presence of sulfate, 0.97 
volt, the potentials of the corresponding standard electrodes, would be 
about the limits, if oxidation of mercury to insoluble salts is to be avoided. 

Preparation of Materials and Solutions .—One-quarter of a gram atom 
of tin was dissolved in a known quantity of redistilled constant boiling 
hydrochloric add in a flask provided with a ground-in reflux condenser 
terminating in a bent tube sealed with water to prevent entrance of air 
or escape of add vapors. This water was added to the solution in the 
flask, and the whole made up to a liter, so that both the concentration of 
tin and of add could be calculated. For a part of the work, reagent tin 
containing traces of carbon, but no iron, was used. For some of the de¬ 
terminations in twice normal hydrochloric add (Solution 5) a sample 
was electrolyzed from an anode of this tin in a solution of stannous chloride 
made by dissolving another portion in add. The agreement in potential 
noted upon plotting the results on the curves shows the equivalence of the 
two samples within ^itfie or two millivolts. Mercury, already quite pure, 
was passed repeatedly through a tower containing mercurous nitrate, 
and then distilled in vacuo . Carbon dioxide was freed from oxygen in 
Emmerling towers containing cuprous or chromous chloride, and in the 
later work on solutions twice normal in add, as an additional jjrecaution, 
the gas was dried with phosphorus pentoxide and passed through dee* 
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trically heated tubes containing copper gauze. It was in every case finally 
bubbled through a solution of essentially the same composition as that 
in the cell, to avoid concentration changes in the latter. Chlorine was 
prepared by the action of hydrochloric acid on potassium permanganate. 

The Cells .—These were made from wide-mouthed bottles of 250 cc. 
capacity, closed with rubber stoppers pierced with five holes. Through 
these holes respectively, passed a glass tube with a sealed-in platinum wire 
to dip into the mercury on the bottom of the cells; a centrifugal stirrer; 
a tube for the delivery of carbon dioxide; a tube through which a pipet 
could be introduced; and a capillary emptying into an indifferent solution. 
This connecting liquid was saturated potassium chloride except in the case 
of part of the measurements with normal acid, where 24% of potassium 
nitrate was substituted for the same amount of chloride. The indifferent 
electrolyte was changed at frequent intervals. 1 It was connected by another 
capillary with the normal calomel electrode made up in a 125 c< 5 . bottle, 
and checked at frequent intervals against a standard electrode carefully 
guarded from contamination. Connecting tubes gelatinized with agar 
agar were rejected as giving inconstant results. The whole system was 
immersed in a thermostat electrically regulated at 25.0 

Both a potentiometer made by us from calibrated manganin resistance 
boxes and an elaborate Wolff potentiometer were used in making measure¬ 
ments. The compensation method was employed, a d’Arsonval galvanom¬ 
eter serving as a zero instrument, and several cadmium cells carefully 
made up serving as standards. Connections were carried in air lines or 
through glass tubes and other usual precautions observed. The cells, 
constantly swept out with pure carbon dioxide, were first filled with a 
solution of stannous chloride nearly free from stannic. After some hours 
the potential assumed a value which remained constant for days within 
0.002 volt, provided no leakage of air or serious temperature change 
occurred. In the determination with Solution ia, equilibrium was ap¬ 
proached from the other side, bv adding a trace of mercuric salt, which 
was reduced to mercurous salt and mercury until the oxidizing potential, 
due to mercury salts, was exactly equal to that of the stannic-stannous 
mixture. This conclusion, verified by the fact that these points also lie 
on the curve, demonstrates another point of superiority of mercury over 
platinum electrodes, where no corresponding experiment can be performed. 
All points on the curves were found with stationary though well mixed 
solutions, but figures noted on subsequent vigorous stirring are added in 
the tables. 

Few workers in this field have taken the trouble to analyze their solu- 

1 A. C. Gumming and E. Gilchrist, Trans. Faraday Soc., p, 174 (19!)), while urg¬ 
ing the frequent formation of new boundaries, recommend that capillaries be not used 
at alL 
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tkms after each potential measurement. In the present research te ec. 
were always pipetted off into a flask swept out with carbon dioxide, diluted 
generously with air-free water, and titrated with 0,2 equivalent normal 
permanganate standardized at intervals with sodium oxalate from the 



Bureau of Standards. It was shown by adding iodide and starch that 
no chlor ine is set'free previous to the last drop of permanganate, if only 
the solution is agitated. The addition of ferric chloride 1 and manganous 
1 Olsen, "Quantitative Chemical Analysis," 1904, p. 3x2. 
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salts had no effect on the results, and these reagents were in general 
omitted. End points were sharp and permanent. The amount of stan¬ 
nous salt thus found was subtracted from the total tin to find the stannic 
content. Next chlorine was passed in to change the concentration ratio, 
the acid concentration remaining constant, new measurements were 
then made, and so on until little stannous tin remained As expected, 
the sharpest results were noted when neither valence was present in 
minimal concentration. 

In the following tables each single potential as given lesults by sub¬ 
tracting the potential of the cell from the value assumed for the normal 
calomel electrode, namely 0.560 volt. This electrode always formed 
the positive pole of the cell. The correction for the potential at the 


Tabl® t 
Solution No 1 

28 78 g tin per liter 1 016 N hydrochloric acid 


Cell 

No 

Sn^ 

Sn 11 

Sn IV 

IyOg 

Sn" 

Time 

Hrs 

r In millivolts 

At rest Stirring 

2 

0 0462 

—1 34 

92 

375 

376 

1 

O 0500 

—1 30 

92 

379 

383 

I 

O 4540 

0 34 

48 

404 

405 

2 

O 5440 

—0 26 

48 

406 

4 <* 

1 

1 035 

0 01 

20 

414 

414 

I 

5 008 

0 70 

23 

432 

432 

2 

5 435 

0 74 

20 

434 

434 

2 

60 15 

1 78 

24 

468 



Solution No 1 a 

The same solution as in No i, but each equilibrium was attained after addition 
of mercuric chloride 


2 

O 0485 

—1 31 

26 

376 

377 

1 

O 0504 

—I 30 

67 

376 

380 

1 

O 1444 

—0 84 

14 

392 

394 

1 

O 8600 

—O 07 

44 

417 

423 

2 

O 9145 

—0 04 

19 

415 

4 IS 

2 

I 897 

0 28 

24 

428 

429 

1 

6 735 

O 83 

49 

446 

447 

Cell 

No 

Solution No 2 * 

29 69 g tin per liter 0 998 N hydrochloric acid 

Sntv Sniv w * 

— - Log —— Time 

Sn 11 Sn n Hr* At rest 

Stirring 

2 

O 0298 

—I 52 

89 

374 

379 

I 

O 048X 

—I 31 

89 

380 

385 

I 

O 2690 

—0 57 

23 

399 

399 

2 

O 3740 

—0 42 

23 

397 

398 

2 

I 390 

0 14 

2*1 

413 

4>4 

I 

4 860 

0 69 

21 

431 

436 

2 

60 90 

1 78 

21 

457 

462 
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Sohtfion No, 4. 

29.69 x. tic per liter. 2.000 JV hydrochloric add. 


OH 

8a*v 

8a** 
I*g=— • 

Tin— 



No. 

Sen 

Son 

Hrt. 

At rest. 

Stirriog. 

X 

0.1033 

— 0.99 

22 

377 

377 

3 

0.21x8 

—0.67 

25 

383 

385 

3 

0.4420 

—0.36 

22 

393 

393 

2 

0.6879 

—0.16 

2X 

402 

402 

2 

1.332 

0.13 

23 

409 

409 

3 

1.518 

0.18 

21 

406 

407 

X 

2.657 

0.42 

27 

. .. 

418 

2 

3.916 

0.59 

24 

422 

424 

2 

X7.10 

1.23 

72 

441 

440 

2 

39-93 

x .60 

22 

449 

449 

same composition as 

Solution No. 5. 

solution No. 4, but prepared with electrolytic 

2 

0.3651 

—0.44 

72 

392 

391 

1 

0.3900 

—0.41 

72 

392 

392 

2 

0.7014 

—0.15 

20 

399 

399 

1 

1.X42 

0.06 

29 

405 

405 

2 

1.456 

0.16 

29 

408 

407 

2* 

3-909 

0 46 

26 

416 

417 

1 

4.408 

0.64 

26 

421 

422 


Solution No. 6. 

29 69 8. tin per liter. 5.257 N hydrochloric acid. 

Cell 

So*v, 

_ Sniv 

Log 

Time. 


*■. 

No. 

San 

San 

Hr*. 

At re*t. 

Stirring. 

I 

0.0584 

—1.23 

86 

331 


2 

0.0622 

—1.21* 

95 

332 

331 

3 

0.1233 

—0 90 

28 

342 

343 

2 

0.5333 

—0.27 

23 

368 

368 

1 

0.60x2 

—0 22 

19 

371 

372 

3 

2.622 

0-43 

42 

390 

391 

2 

8.479 

0.93 

21 

405 

406 

X 

13.4* 

1.13 

21 

408 

409 

X 

77 76 

1.89 

23 

427 

429 


liquid junction between the potassium chloride and the add is not applied 
because of the great uncertainty as to the nature, concentration, and 
degree of dissodation of the numerous compounds and complex ions 
that may be present. It will be shown that the best method to eliminate 
this uncertainty is to extrapolate to zero concentration of add. The 
data in the tabk are plotted on the lines found in Fig. 1. Time elapsed, 
in hours, from the last alteration of concentration to the given observation 
is noted; in practically every case the potential was sensibly constant 
for the last twelve hours of this period. The work in normal add (Curve x) 
was carried out first, before experimental difficulties had been thoroughly 
overcome, so that the points in this series are somewhat less satisfactory 
than in the others* 
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Unless considerable add is present, the hydrolytic equilibrium of 
stannic chloride is very slowly established, as indicated by Kowalewsky’s 
conductivity measurements, 1 which we checked at 25 °. For each con¬ 



centration of add used as a medium the curves show a relation, almost 
linear, between potential and the logarithm of the concentration ratio* 
1 Z. anorg. Chtttn 23, 1 (1900). 
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To find what valufes ought to be observed if add could be eliminated 
without appearance of hydrolysis, we have in Pig. 2 plotted potentials 
for selected values of the concentration ratio against the several concen¬ 
trations of add employed, and extrapolated to zero concentration of 
add. Values taken from the smoothed curves are used in preference 
to experimental points, and are given in Table II. 

Table II. 


Saw 

. So™ 

108 Snn 

Potential in millivolts. 

So" 

i 00*. 

2 00* 

5.26 *. 

0 10 

- 1 OO 

385 

374 

339 

0 20 

—O 70 

394 

383 

342 

0 30 

—0 52 

399 

388 

355 

0 50 

—0 30 

406 

395 

362 

1 00 

0 00 

415 

404 

373 

2 00 

0 30 

424 

413 

383 

3 00 

0 48 

430 

419 

389 

5 00 

0 70 

436 

425 

396 

10 00 

I 00 

445 

434 

406 


The graphs are nearly straight lines, so that no unusual risk is involved 
in the extrapolation to zero acid concentration. The dotted line in Fig. 1 
shows these ideal stannic-stannous potentials, which can never be realized 
experimentally. 

It is instructive to calculate the slopes of the several lines, considering 
the whole length in each case, and to compare them with the ideal slope 

Sn¬ 
ot the line representing the equation x * a + 0.029 log --, where 

Sn** 


Sn‘”' 

Sn- 


Sn IV « IV 

Sn nvr- assummg 



the ratio of the dissodation constants, 


to be invariable, a condition which is almost realized, apparently. 

Concentration of HC1 On. 1.0*. 2.0*. 5.26*. Ideal. 

a Sn IV 

Slope, Ax/A log 0030 0030 0.030 0.033 0.0295 


Hydrochloric add represses the ionization of stannic chloride and also 
of such complex ions as SnCV formed by the reaction 
SnCh + 2CI' SnCl/ 

more than the ionization of the corresponding stannous compounds. 1 
As there is no hydrolysis to check, increasing add concentration causes 

and, therefore, > to fall off, which is demonstrated by the in- 

Sn lv 

creasing slope obtained from the quotient Ax/A log * 

1 See Young, Tm» Journal, 33, 21 (1901), and Engel, Ann. ckim. phys , 17, 338 
(1889), 
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Effect of Varying Total Tin Concentration .—Cells were also observed 
containing but half the usual concentration of tin, that is, one-eighth of 
a gram-atom of tin per liter of normal hydrochloric acid. 

Table III * , 

Solution No 3 

14 85 g tin per liter o 999 N hydrochloric acid 



Sniv 

Sniv 

Log — * 

Sun 


* in millivolts 

Cell 

No 

Son 

Time 

Hrs 

At rest 

Stirring 

2 

O 0487 

—I 31 

67 

374 

384 

I 

O 0668 

—I 18 

67 

379 

389 

X 

O 2865 

—0 54 

42 

393 

400 

2 

O 3560 

—0 45 

42 

397 

400 

2 

I 365 

0 14 

24 

413 


I 

2 375 

0 38 

24 

427 


2 

5 975 

0 78 

24 

438 

439 


These values, if plotted as points in Fig. 1, would mingle with those 
found for twice this concentration of tin in normal acid. By subtracting 

Sn IV 

fiom a number of potentials the quantity 0.029 log —^ all are reduced 
to a hypothetical condition where the concentration ratio equals unity. 


Average 

28 8 g perl 4 415 414 417 419 416 4.20 414 415 

14 4 g perl 413 414 409 410 409 416 415 412 


Thus it is shown that slightly more electronegative values result in 
the more dilute tin solution. Here the excess of chloride ions left free 
to repress the ionization of the stannic chloride and of its complexes is 

Sn IV 

greater, and so the ratio --is decreased. The difference, however, 

Sn*' 

does not greatly exceed the limit of error of observation, and more ex¬ 
haustive study would be necessary to settle the question even qualita¬ 
tively, much more so quantitatively. 

Until the degree of dissociation of the several stannic and stannous 
compounds involved, such as SnCl 4 , SnCl/, HaSnCl*, SnCl 2 , SnCl/, 
HSnCh, are known, it is impossible to unravel the various factors influencing 
the potentials. Were even a part of these known the above measure 1 - 
ments would help to evaluate the rest. Meanwhile, mathematical treat¬ 
ment is altogether uncertain. 

The work described in this paper was carried out in the spring of 1913, 
with the exception of the measurements in twice normal acid, which 
were made in the summer of 1914. 

Summary. 

Mercury is preferable to platinum in the measurement of oxidizing 
potentials of low intensity. Results are more quickly obtained, and 
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suffer less from irregularities in surface energy of the electrode and the 
presence of traces of oxygen. 

The potentials of mixtures of stannic and stannous chlorides containing 
one-quarter of a gram-atom of tin per liter in hydrochloric add of three 
concentrations were measured at mercury electrodes at 25 °. The probable 
error is about two millivolts. 

Halving the total tin concentration makes the potential very slightly 
more electronegative; it seems to be nearly independent of the total tin 
concentration, other things being equal. 

By extrapolation to zero concentration of add, results are obtained 
which should be largdy unaffected by uncertainties due to hydrolysis 
and to the single potential at the boundary between the cell liquid and 
the indifferent electrolyte. 

Up to two moles of hydrochloric add per liter, the potentials are quite 
accurately expressed by the formula 

Sn™ 

r * 0.426 -f 0.030 log — 0.011 X cone. HC 1 , 

provided sufficient acid is added to check hydrolysis. 

Curves showing the relations existing among the several variables are 
discussed in the light of present knowledge of solutions of stannic and 
stannous chlorides. 

Cambbxdgb. Mass. 

[Contribution from the Rockefeller Institute for Medical Research, New 
York Department of Experimental Biology. ] 

STUDIES ON A NEW KIND OF E. M. F. 

Bv Rbxhhabd Bbutnbk. 

Received July 28, 1914. 

z. Introductory Remarks. 

x. It was shown by the author 1 in previous communications that it is 
possible to compose galvanic cells of water-immisdble organic substances 
and aqueous solutions without metals, which, in certain points, exhibit 
properties like the weH-k#pwn galvanic cells of which metals are the most 
essential component*^ most important aim of a systematic study of 
these phenomena is^the artificial reproduction and the explanation of the 
electrical propert% of living tissues, since it is well known that these 
also produce e. m. f. resembling e. m. f. of metals. This fact was well 
established by Wectrophysiologists long ago, for the magnitude of the 
e. m. f. produced by tissues resembles that of ordinary galvanic cells; the 
same is found toroid for the cell-systems described here. 

An experimegtjd investigation undertaken at the suggestion of Dr. 
J. Loeb by thq jptthor* had shown this similarity of e. m. f. produced by 
1 This Jouai^i, as# 344 (1913); Z, Electrochem., 19,467 (19x3). 

$ce, 34/til (jpxx); Biockem. Z„ 41, x (1912). 
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tissues and metals in a still more striking form, for it was found that a 
quantitative law especially characteristic for metals (Nemst’s formula) 
could be applied to tissues. The experimental method used for this pur¬ 
pose may briefly be described as follows: A leaf or the fruit of a plant 
is brought in contact on two points with two solutions of the same salt 
(i. e., KC 1 ) in different concentrations; the two salt solutions are connected 
by means of impolarizable electrodes to a measuring instrument and the 
e. m. f. observed. This e. m. f. depends on the ratio of the two concen¬ 
trations according to Nemst’s formula. The observation that a similar 
e. m. /. can be produced without metals or without tissues by means of a pure 
organic substance (salicylic aldehyde) was the first step which led the author 
to a systematic study of cell combinations with immiscible substances . Nat¬ 
urally not all of these combinations have a direct bearing on electrophysi- 
ological problems, but they serve to give a more complete knowledge of 
the fundamental phenomena upon which electrophysiology is ultimately 
based. 

These investigations may also interest the organic chemist since it is 
found that the chemical constitution of the organic substances plays a 
most important role in their action in such cell systems. Such a com¬ 
bined application of or¬ 
ganic and physical chem¬ 
istry is able to solve prob¬ 
lems which hitherto have 
been looked at as strictly 
vital. 

2. Since cell combina¬ 
tions of the kind described 
have been very rarely in¬ 
vestigated by previous 
authors it 1 may be well 
to describe first the experi¬ 
mental method. The ap¬ 
paratus used is sketched 
in Fig. 1. An S-shaped 
tube (a) is connected on one side with a calomel electrode; it is filled 
in the upper part with 1/1KCI solution and in the lower broader 
part with salicylic aldehyde which is saturated with salicylic add. This 
lower part is then immersed in a series of beakers containing various 
solutions. Another calomel electrode is connected by means of a syphon 

1 Among these investigations I wish to mention here those by M. Cremer, "On 
Nitrobenzene Diphasic Cells" [ Z . Btoi 47, 1 (1906)] and those by Haber and Klemer- 
siewig's "On Benzene (and Toluene) Cells” [ Z . physik . Chem 47, 385 (1908)]. Some 
hypotheses put forward by these authois will be discussed in the following papers. 



Fig. 1.* 
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with this beaker and the e. m. f. of the arrangement is observed with various 
solutions successively. 

If we immerse the tube containing salicylic aldehyde successively in 
series of KC1 solutions of varying concentrations, the following is observed: 


Concentration of the 

KC1 in which the tube 
was immersed. 

B. M. P. observed in 
millivolt. 

Time in minutes 
allowed for 
observation. 

M /10 

+ 12 to 13 

o'to 1' 

M/50 

+37 

3 'to 4' 

M/250 

+62 

7* to 9' 

M /1250 

+96 

11' t0 I2 / 

M /6250 

+ 137 

17' to 19' 

Jlf/1250 

+yfi to 95 

20' tO 23' 

ilf/250 

+61 to 60 

26 ' to 73 ' 

M /50 

+32 to 31 

78'to 81' 

M/10 

+ 7 

84' to 86' 

M/2 

—14 

88' to 90' 

2.5 M 

—32 to 33 

95'to 97' 

M/2 

—15 

103' to 104' 

M/10 

+ 7 

107' to 108' 


(The sign signifies the polarity of left side in diagram.) 

These figures show to which degree such measurements are accurate 
and reproducible. 

The change of the e. m. f. of the system can only be due to the change of 
a potential difference located at the junction of the salicylic aldehyde and 
the aqueous solution; the potential difference located at the junction of 
the i/i KC 1 solution of the calomel electrode and the variable KC 1 solution 
is practically zero and constant as the velocity of migration is practically 
equal for K‘ and Cl'. 1 

The magnitude of this change is as follows: 

Between 2 X /\M and M/2 18 Millivolt 

Mj2 and M/10 21 Millivolt 

M/10 and M/50 24 Millivolt 

Jkf/50 and M/250 28 Millivolt 

Af/250 and M1 1250 34 Millivolt 
Af/1250 and Af/6250 41 Millivolt' 

As the ratio of the concentrations is 1 : 5 in all cases, the value calculated 
from Nemst’s formula would be 58 In 5 = 40 millivolt; it is seen that the 
values observed gradually approach this value with decreasing concen¬ 
trations. It is important that this observation can be explained on the 
basis of theoretical considerations as shall be explained later. 

These observations on cells containing salicylic aldehyde as a middle 
conductor also were the first instance of the artificial imitation of the 


* A well-known theory of Nernst states that this diffusion potential equals 
u — v RT Ci " 

—;- - In-, since in our ca9e u and v are practically equal, the diffusion potential 

u -f- a F c% 


is zero in all cases. 
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electrode-like potential differences between some living tissues and aqueous 
solutions, for the magnitude and direction of the e. m. f. is the same in 
both cell arrangements. 

— concentrated salt solution plant diluted salt solution + 

— concentrated salt solution salicylic acid diluted salt solution -f 

Further investigations have shown that a number of other water-im¬ 
miscible liquids show a similar behavior, e. g. t fatty acids mixed with 
substituted phenols. 1 

3. The theoretical explanation for these phenomena given in previous 
communications was based on a thermodynamic formula of Nemst and 
of Haber, stating that the potential difference at the junction of two im¬ 
miscible electrolytic phases (such as an aqueous solution and salicylic 
aldehyde) equals RT/nF In Ci/c^, const, where c x and c% signify the ionic 
concentrations of the same ion in the two respective phases, i. e., the K* 
concentration in water and in the salicylic aldehyde. The latter is due 
to a partition or slight solubility of the K' salt in the salicylic aldehyde. 
The partition of KC 1 between water and salicylic aldehyde is, however, 
not satisfactorily explained by the simple well-known law of partition, 
according to which the K’ concentration in water and in salicylic aldehyde 
(ci/c 2 ) should be constant. For if this were so, the potential difference 
should not change if the aqueous concentration is changed, according to 
the thermodynamic formula cited above. The fact that the potential 
difference does vary indicates that the partition is of a more complicated 
nature. The assumption was put forward in previous papers of the author 
that a chemical reaction between salicylic acid (in the aldehyde) and KC 1 
was the cause of the complicated partition. This view was supported 
by other observations based upon measurements with various other water- 
immiscible electrolytic conductors. 

In the following papers these theories will be also controlled by measure¬ 
ments of the conductivity in the non-aqueous phase, by measurements 
by distribution and various electromotive phenomena not described 
previously. 

4. A brief review seems also justified concerning the thermodynamic 
derivation of the fundamental formula E = RT/nF In ci/c 2 const, (cited 
above) at phase junctions. 1 In order to derive this formula we consider 

1 This formula was first put forward by Nemst (Z, physik. Chem , 9, 385 (1892)), 
Haber, however, first described those experiments which showed the usefulness of this 
theory in a way which was not easy to predict from Nernst’s theoretical explanations 
{Ann. Physik., [4] 36, 947 (1908)). Compare also Beutner, Trans. Am. Electrochem. 
Soc., 21} 2191 (1912). 

a cell system of the following general type: 

metal | phase I containing M* | phase II containing M* j metal (as before). 

1 J. Loeb and R. Beutner, Biochem. Z., 51, 288 ( 1913 )- 
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(M* denotes dectrdlyric ions of the metal which acts as the electrode at 
both ends.) It is supposed that the two electrolytic phases are in equilibrium 
with each other as well as with the metal. Then the e. m. /. of the whole cell 
must equal mo , since it is not possible to bring about any change in this system 
even with a current passing through it. This simple fact makes it possible 
to calculate the potential difference located at the junctions of the elec¬ 
trolytic phases. The potential difference between the left-hand electrode 
and Phase I is, according to Nernst's theory, RT/nF In Cy. const/ (where 
Ci is the ionic concentration of M')> and the potential difference between 
the right-hand electrode and Phase II is RT/nF In c 2 . const." 

As the total e. m. f. of the system must be zero, the difference of these 
two volumes must equal the e. m. f. located at the junctions of the two 
phases. This difference is RT/nF In cy/c* . const.i/const.' or RT/nF In 
ci/ct const., as stated above. 

We therefore conclude that the potential difference at the junction of the 
two phases does not depend , in any way , on ionic mobility as does the potential 
difference between miscible solutions , but must have properties characteristic 
of potentials at metallic electrodes. 

Haber 1 first devised a method for directly demonstrating this property 
of “phase potentials.” The feature of the method is that one of the 
concentrations ci and c% is maintained constant, while the other is varied. 
This can be done, if the salt whose concentration is varied is-soluble in one 
phase only. 

To fulfil this condition he used as Phase I an aqueous solution of HgNOj 
and as Phase II an insoluble salt with the same ion, for instance, HgCl. 
The e. m. f. of the following combination is measured: 

Calomel electrode | solid HgCl | HgNOs aqueous solution | Calomel electrode 

If the concentration of the HgNOs solution in this cell is varied, the 
ionic concentration of the solid HgCl layer will not be affected. Nor 
will it have any considerable effect on the potential difference between 
the HgNOs solution and the right-hand calomel electrode, since no “phase 
potential” exists there. Hence the e. m. f. of the whole system must vary 
with the Hg* concentration according to the logarithmic law, just as in 
the case of a metallic electrode. 

This was shown by experiment to be very exactly true. The concen¬ 
tration of Hg* was changed over a large range by employing NaCl solutions 
saturated with HgCl (instead of the HgNOs) solution. As is well known 
the Hg* concentration of such a NaCl solution is exceedingly small and 
yet very accurately defined. 

Experiments of the same kind were made with other insoluble salts, 
like AgCl and CaSO* and their ions in aqueous solution, and the same re¬ 
sults were obtained. 

1 toe. cit. t Ann. Pkyhk, 26, 947 (1906). 
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Further, Haber and Kkmensie wics 1 made experiments on phase po¬ 
tentials of this kind varying the H* concentration. Both phases con¬ 
tained water in their experiments. For instance, if Phase I is ice, and 
Phase II is water, then only in Phase II adds and bases are soluble, per¬ 
mitting a variation of the H* concentration. For Phase I, instead of ice, 
such materials as glass or solutions of water in organic solvents (like benzene) 
were taken. Haber’s hypothesis, however, that potential differences 
existing in living tissues are also reversible for H* ions could not be verified. 

5. It may be remarked that another interesting investigation, which 
illustrates the similarity between e. m. f. at phase junctions and at metallic 
electrodes, relates to cell systems built up from solid salts. 1 By 
means of such cells it is possible to measure the free energy of reactions 
between solid salts without the aid of metals. Recently the author has 
carried this idea one step further by discussing the question whether 
definite chemical reactions could be subjected to a measurement of their 
e. m. f. by means of cell systems containing phase junctions. The re¬ 
sult of this (theoretical) investigation is that even such reactions could be 
measured as the formation of a salt hydrate from a solid sqlt and water. 
Such electrometric measurements have never been carried out previously, 
because the dectric function of the phase junction has been entirdy 
disregarded, the usual electrochemical investigation bearing only on cells 
with aqueous dectrolytes and metals. 

It seems probable that the hdpless condition of the dectrophysiologist, 
when endeavoring to utilize the results of physical investigations in his 
own sdence, is also due to the restricted applicability of the older dectro- 
chemistry. The following sentence quoted from L. Herrmann’s handbook 
of physiology 5 expresses the realization of what has till now been lacking. 
He says on page 170 “The hope of gaining an understanding for the physical 
nature of the potential differences mentioned has not so far been fulfilled. 1 ’ 

N*w You. N. Y. 


STUDIES ON A NEW KIND OF E. M. F. 
n. Cell Arrangements of Aqueous and Nitrobenzene Solutions Contain¬ 
ing One Common Ion in Both Phases* 

By Rbinbaro Beutnsr. 

Received July 28, 1914. 

(1) The experiments and the theoretical considerations described above 
have proved the existence of interphase potential differences with proper¬ 
ties resembling dectrode potentials. The nature of (diffusion) potential 
differences existing in non-aqueous solutions at the contact of two different 
ionic concentrations will be discussed in this paper. 

1 Z. phytik. Chem ., 67, 385. 

1 Compare Beutner, Z. EUclrochem., 15, 433 (1908). 

1 14th Edition, Berlin, xpxo. 
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The study of aqueous solutions has shown that such diffusfrm potentials 
depend on the velocity of migration of positive and negative ions;,the 
theory of Nernst and Planck which makes their calculation possible, is 
well understood. At the junction of two electrolytes of different con¬ 
centrations the potential difference (according to this theory) equals 

E = In 

u + v nF c% 

An appreciable diffusion potential can therefore occur in such cases only 
where the velocities of the negative ion (v) and the positive ion (u) are so 
different that the quantity u — v/u -f v is of considerable magnitude; 
such is not the case in aqueous solutions (with the exception of acids and 
bases only). It will be shown in this paper that electrolytic solutions in 
nitrobenzene exhibit a behavior similar to aqueous solutions. The e. m. f. 
of systems composed of aqueous and water-immiscible electrolytes is, 
therefore, primarily due to the potential differences existing at the junction 
of the immiscible phases. 

I. Objections to Ostwald’s Theory of Selected Ionic Permeability and 
to Cremer’s Experiments. 

(2) This fact is contradictory to the conception of some physiologists 
who, recognizing the possible importance of water-immiscible layers 
(or membranes) for the production of electric currents by tissues, have 
tried to explain their action by assuming that the positive and negative 
ions have a very different mobility in these membranes, thus producing 
diffusion potentials. This view is based upon a hypothesis, put forward 
in a preliminary form by Ostwald, 1 according to which a selective ionic 
permeability of membranes is the cause of physiological currents. This 
hypothesis was not, however, accepted by most physical chemists and 
was disproved by Walden 2 working in Ostwald’s own laboratory. 

The observation, which Ostwald quotes in support of his hypothesis, 
can be easily explained in some other way, i. e., the precipitation 'of Cu 
metal which he describes may be a kind of stenolysis, also the polarization 
observed is not necessarily due to an impermeability for kations. The 
one-sided passage of current observed on the boundary of coagulated 
protein and a precipitating aqueous solution may simply be due to a high 
specific resistance of the layer of precipitate or membrane, which is formed 
or dissolved according to the direction of current. 

Nevertheless) the theory was accepted by some physiologists. 8 
x Z. physik. Chem., 6, 71 (1890). 

' * Walden, Ibid., 10, 699 (1892). Compare also Tammann, GdUingen Nachrichitn, 
6, 223 (2891). Nernst objects to the theory of selective ionic permeability from a theo¬ 
retical standpoint fPflflger's Archw., 122, 307 (1908)). 

* Compare Hflber, PhysikaUtche Chemic der Zdle und Gewebt, Liepzig, 29 21 (page 
477 f.f.) (Bernstein’s membrane theory). 
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M. Cremer 1 tried to make Ostwald’s conception of a selective ionic 
permeability of the “membranes” clearer by means of the assumption 
described, according to which the mobility of the positive and negative 
ions in the membrane is largely different. In order to find an experimental 
proof for this view he experimented on solutions of picric acid in nitroben¬ 
zene and measured the e. m. f. of the following arrangement: 

-f M/S NaCl solution | Nitrobenzene M/S NaCl aqueous 

saturated with without picric solution— 

picric add add 
obs.: o.i volt (not constant) 

If really the change of the concentration of the picric acid in the nitro¬ 
benzene causes this e. m. f. (diffusion potential) the conclusion >fcrould seem 
necessary that the anion of the picric acid has a very much larger mobility 
than the H*. This result would certainly be most striking, for in aqueous 
solutions the velocity of the H* ion far exceeds that of all anions, as is 
well known. Therefore, all arrangements 

— concentrated acid — diluted acid + 

(aq.) (aq.) 

or 

— concentrated acid — pure water -f 

(aq.) 

produce e. m. f. of the opposite direction. 2 

It is possible, however, to show that diffusion potentials and ionic 
mobilities have nothing, or very little, to do with the e. m. f. produced 
by Cremer’s nitrobenzene cell, but that the junction of the aqueous solu¬ 
tions and the nitrobenzene produces nearly the total e. m. f. of the system, 
for the nitrobenzene saturated with picric acid takes up sodium salts to a much 
larger extent than nitrobenzene containing no picric acid , and large interphase 
potential differences must be produced in this way , which account for the 
e. m. /. observed . 

To prove this, nitrobenzene w*th and without addition of picric acid was 
shaken for 15 hours with M/S sodium chloride solution, resp., with water 
and the increase of conductivity was measured. It was found that the 
conductivity of pure nitrobenzene was approximately the same whether 
it was shaken with water or with sodium chloride solution; the conductivity 
observed was very small in both cases and difficult to determine accurately 
(about 0.015 rec. megohms). A 20% solution of picric acid in nitrobenzene 
however, showed a marked increase in conductivity: 

1 Z. Biol., 47, 1 (1906). 

9 It must be said that Cremer himself seems doubtful as to whether really* the 
ionic mobilities of positive and negative ions are reversed in nitrobenzene. He proposes 
his explanation as a working hypothesis only; his interesting investigation does not be¬ 
come less valuable therefor by the modified explanation given here. 
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20 cc. 20% picric add in nitrobenzene shaken for 15 hours at room temperature 
with too cc. distilled water: 3^26 tec. megohms (at 25 # ). 

20 cc. 20% picric add in nitrobenzene shaken under the same conditions of tem¬ 
perature with 100 cc. M/8 NaCl solution: 4.73 rec. megohms (at 25°). 

This difference of conductivity is likely to be due to formation of sodium 
ions in the nitrobenzene in the second experiment, or to the formation of 
a sodium picrate. This is supported by the observation that pure nitro¬ 
benzene shows an increase of conductivity of the same order of magnitude 
after shaking with a very dilute sodium picrate solution: 

20 cc. nitrobenzene shaken under the same conditions as above with 100 cc. of a 
Af/100 sodium picrate solution: 3.7 rec. megohms (at 25 °). 

Another proof for this formation of sodium picrate is found in the fact 
that the solution of picric add behaves similarly to salicylic aldehyde; 
in contact with aqueous sodium chloride solutions of different concen¬ 
trations the potential difference changes in the same direction; the con- 
dusions mentioned on page 2043 tend to show that this phenomenon also 
is due to a formation of sodium picrate, dissolved in the nitrobenzene to 
some extent when equilibrium at the phase junction is established. 

Cremer's cell arrangement is therefore a concentration cell with respect 
to Na* ions: 


-|- aqueous M/8 NaCl 


Nitrobenzene 

high Na* concen- low Na* con- 
tration due to centration 
picric acid 


aqueous M/8 NaCl — 


The direction of the e. m. f. of this system would be such as indicated, 
a quantitative calculation is scarcely possible as the system is not well 
defined. 


Since, in this case, the junction of the aqueous and the nitrobenzene 
solutions produces the e. m. f., and not the*junction of the two different 
nitrobenzene solutions, no condusions concerning a largely different mobil¬ 
ity of positive and negative ions in nitrobenzene can be drawn. 

n. Ionization in Nitrobenzene. 


(3) The starting point of the experiments described in this paper are 
measurements which make a direct application of the fundamental formula 


E 


RT 

nF 


In 


Cl 


Ci 


const, at phase junctions possible, and allow the deduction of dear con¬ 
dusions. Something about the ionization in the nonaqueous solvent must 
be known for this purpose. 1 

Although we are very well informed concerning ionic concentrations of 
aqueous solutions^ very little is known concerning ionic concentrations in 
1 Nitrobenzene is chosen as the water-immiscible solvent in most of the experi¬ 
ments, as it may be secured at low cost in large quantities and produces a sufficient 
conductivity to make measurements of the e. m. f. possible. 
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all organic solvents which mix incompletely with water. The reason is 
that the methods and laws established for aqueous electrolytes are not 
always otherwise applicable, as investigations on conductivity of non- 
aqueous solutions have demonstrated. Some preliminary tests were, 
therefore, undertaken for the purpose of determining which substances 
would produce a particularly high electric conductivity if dissolved in a 
water-immiscible organic fluid. It was found that all bases and acids , 
even those which are the best conductors in aqueous solutions (like picric 
acid), never produce any appreciable conductivity in substances like 
phenol, nitrobenzene or benzaldehyde; mixtures of acids and bases, how¬ 
ever, have a conductivity which, in a i/i g. molecular solution is about 
one hundred or one thousand times larger; this is without doubt due to 
the formation of a salt-like compound, just as in aqueous solutions salts 
may have a higher conductivity than the (weak) acids and bases from 
which they are formed. It seems, therefore, as if all acids and bases are 
“weak” electrolytes in water-immiscible solvents. The comparatively 
high conductivity of salts exists in both cases in a qualitatively similar 
fashion. 

These electrical properties of nonaqueous solutions can best be demon¬ 
strated with substituted anilines as bases; a strong acid like salicylic acid 
or picric acid must also be employed. 

The following approximate measurements may serve as an example: 
The nitrobenzene employed without additions had a specific conductivity 
of o.oi rec. megohms at 30 °; dissolving dimethyl-o-toluidine in a molecular 
concentration (135 g. in a liter) increased the conductivity up to 0.09 rec. 
megohms (t = 30 °); dissolving salicylic acid (molecular concentration) 
alone increased up to 3.5 rec. megohms (t — 65 0 ). 1 A nitrobenzene 
solution, however, which contained both dimethyl toluidine and salicylic 
add in a molecular solution showed a conductivity of 450 redprocal 
megohms. This very large increase in conductivity is certainly due to a 
formation of a salt-like combination (dimethyl toluidine salicylate) which 
dissociates into dimethyl toluidine kations and salicylic acid anions. 
Nothing definite concerning the degree of ionization can, however, be 
determined by means of measurements of conductivity. 

(4) Another proof for the presence of dimethyl toluidine kations and 
salicylic add anions in this mixture can be found by means of electrometric 
measurements. The potential difference at the junction 
Nitrobenzene containing dimethyl tolui- Sodium salicylate in water (concentration 
dine and salicylic add in a mol. con- varied) 
centration 

was measured by means of the apparatus described in Fig. 1. Instead 

1 At 30°, salicylic add is not sufficiently soluble for a molecular solution; it may 
be supposed, however, that the conductivity at 30* would be even smaller. 
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of Sftlkylk aldehyde the nitrobenzene solution was filled In the U-tobe. 
Using solutions of sodium salicylate the following e. m. f. were observed 
(constant, at room temperature). 

Concentration of sodium salicylate solution, 
l/l n. 1/2 »». 1/4 1 ». 

E. m. f. +0.0765 volt +0.053 volt +0.0355 volt 

This change of the e. m. f. is exactly what would be expected according 
to the interpha9e formula if salicylic acid anions were present in the 
nitrobenzene: 

E sa in c ** V in nltrobenxo1 . const. 

F Csal.' in water 


If the concentration in nitrobenzene is kept constant, and the aqueous 
concentration doubled, the potential difference should increase (the water 
becomes more positive). 58 In 2 = 17.5 Milli-volt, which is exactly 
the value observed. 1 

It is seen that by changing the aqueous concentration in this system, not only the 
potential difference at the nitrobenzene-water interphase” might vary but also the diffu¬ 
sion potential between the 1/1 KC 1 calomel electrode and the sodium salicylate, the 
change of the latter, however, can be practically neglected, since K* and Cl' and also 
Na* and salicylic anion have very nearly the same migration velocity in aqueous solu¬ 
tions. 

The total change of the e. m. f. observed, therefore, should be located at the nitro¬ 
benzene-water interphase and can be calculated according to the formula cited above 


If, however, the concentration of the sodium salicylate solution is decreased still 
further the e. m. f. decreases to a smaller amount: 


Change of the concentration from: 

1/4 to 1/8 
1/8 to 1/16 
1/16 to 1/32 
1/32 to 1/64 
1/64 to pure water 


Change of e. ra. f.* 

0.015 volt 
0.014 volt 
O.OIO volt 
0.006 volt 

' 0.006 volt (not constant) 


This apparently is due to the fact that also pure water in contact with our nitro¬ 
benzene solution must contain salicylic acid anions owing to partition of dimethyl tolui- 
dine salicylate or salicylic acid alone between water and nitrobenzene; the concentra¬ 
tion of the salicylic anion in water cannot be decreased below this value and therefore 
the potential difference does not decrease steadily but reaches a minimum value, which 
is determined by the distribution of the salicylic add in the equilibrium. 

In order to determine the amount of salicylic add anions present in water in equi¬ 
librium, the nitrobenzene solution was shaken with an equal volume of distilled water, 
and the conductivity of the water determined ( * 2, 7.IO -1 ) (at t « 30°); assuming 


1 This calculation is only correct if the diffusion potential of the aqueous solution 
is zero, as the system really measured is the following: 

— calomel electrode nitrobenzene cont. aqueous solution calomel electrode + 
dimethyl toluidine containing sodium 
and, salicylic add salicylate (varying 
^ (concentration) concentrations) 

2 

* All these values tie constant and reversible with the exception of the last one, 
which Is rather difficult to determine. 
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tha£ the ionk mobility of the dimethyl toluidine kation and of salicylic acid anion 
equals 40, the older of magnitude of the ionic concentration may be estimated from 
this to equal about o 03 m 1 

This value must be added, therefore, to the concentration of the anion due to disso¬ 
ciation of sodium salicylate, which is practically equal to the total concentration of 
sodium salicylate Therefore, 

A change of the Really corresponds to a Calculated 

concentration change of the concentration change of e m f 

from 1/4 to 1/8 from o 28 to o 155 o 0148 volt 

from 1/8 to 1/16 from o 155 to o 093 o 013 volt 

from 1/16 to 1/32 from o 093 to o 061 o oio volt 

from 1/32 to 1/64 from o 061 to o 045 o 0065 volt 

from 1/64 to pure water from o 045 to o 030 o 010 volt 

It is seen that these values agree with those observed 

The presence of dimethyl toluidine kations in our nitrobenzene*solution 
can be proved in an analogous way by measuring the potential difference 
at the junction 

Nitrobenzene containing dimethyl tolui- Dimethyl toluidine hydroehloi idt 2 m aque- 
lme + salicylic acid, const ous solution 

The common ion should be in this case the positive ion (dimethyl 
toluidine kation), therefore, by changing the aqueous concentration the 
change of the e. m. f. observed should be opposite to that observed with 
sodium salicylate in the aqueous solution, the magnitude of the change 
should be about the same. The result of the measurement confirmed 
this as the following data show: 

Molecular concentre- * 

tion of the dimethyl 

toluidine hydrochloride E M F observed Difference 

i/l —o 068 volt 

>0 0155 volt 

1/2 —o 0525 volt 

>0 0145 volt 

1/4 —o 038 volt 

>0 013 volt 

1/8 —o 025 volt 

>0 009 volt 

1/16 —o 016 volt 

>0 006 volt 

1/32 —o 010 volt « 

>0 002 volt 

i /64 —o 008 volt 

1 The total concentration of salicylic acid was found by means of titration with 
phenolphthaleui to equal o 055 m Only one-half of the total amount is, therefore, 
electrolytically dissociated Since there must be, however, a slight hydrolytic split¬ 
ting, producing free acid and free salt, both of which have a slow degree of ionization, ‘ 
the rather low degree of electrolytic dissociation tn Mo might be explained 

* The aqueous solution of dimethyltoluidine hydrochloride was prepared by shak¬ 
ing the calculated quantity of the base with hydrochloric acid Owing to hydrolytic 
dissociation this salt partly decomposes and a part of the base is left undissolved 
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The magnitude of the change of the e.m.f. observed is lightly smaller 
here than in each cose with observations on sodium salicylate. This is 
difficult to account for by a quantitative theory as the equilibria in this 
system are also complicated through the hydrolytic splitting of dimethyl 
toluidine hydrochloride in aqueous solution, diffusion potentials may also 
be produced in the aqueous solution by this hydrolysis. In order of magni¬ 
tude, the approach towards a limiting value at low concentrations and the 
direction of the change of the e. m. f. are a sufficient proof for the assertion. 

m. Nitrobenzene Concentration Cells and the Magnitude of Diffusion 
Potentials in Nitrobenzene. 

(5) Summarizing the results obtained so Jar , we have proved the existence 
of dimqfhyl toluidine kations and salicylic acid anions in a nitrobenzene 
solution of this base and this acid: (r) by measurements of conductivity, 
(a) by studying the electrode-like action of the nitrobenzene solution . Those 
experiments will now be described in which the ionic concentration of the 
nitrobenzene solution is changed while the aqueous concentration is kept 
constant . Nitrobenzene solutions , of the kind described, with considerable 
conductivity will be used for these concentration cells; it can be proved that 
no, or very small, diffusion potentials occur at the junction of two nitrobenzene 
solutions of different concentration . The method used is as follows: 

According to the theory the potential difference at the junction of the 
nitrobenzene solution and aqueous solution should change in opposite 
directions whether the ion common to both phases is an anion or a kation; 
the potential differences located at the phase junctions 

(1) Nitrobenzene containing dimethyl Aqueous solution of sodium salicylate 

toluidine + salicylic acid, 

re*p. 

(2) Nitrobenzene containing dimethyl Aqueous solutions of dimethyl toluidine 

toluidine + salicylic acid hydrochloride 

should therefore react in an opposite sense to a dilution of the nitrobenzene 
solution. 

This conclusion could be easily verified by measuring the cell arrange¬ 
ments 

[Nitrobenzene con taining dimethyl) 

— M/s sodium salicylate toluidine salicylate Af/S sodium salicylate -f 

aq solution u/i M/10 aq. solution 

• ^ j 

oba.: 0 031 volt, (constant) at room temperature (20°) 
and 

[Nitrobenzene con taining dimethyl 

4 - M/s dimethyl toluidine toluidine salicylate * Af/5 dimethyl toluidine 

* hydrochloride aq. qol. M/i M/10 hydrochloride aq. sol. 

« m 

obs .:0.03s volt (constant), at room temperature (20*). 
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The apparatus used for these measurements is described in Fig* 2, 
which requires no further explanation. (The connection from both 
aqueous solutions to the measuring instrument electrometer wa^made 
by means of calomel electrodes which did not produce any new e. m. f., 
since diffusion potentials existing in the aqueous solutions must be equal 
and opposite.) 

In the first cell the more concentrated nitrobenzene solution is on the 
negative pole (reversibility for anions), in the second on the positive 
(reversibility for kations). 

Comparing these concentration cells with those known in earlier electro¬ 
chemistry we may say that the metallic electrodes are replaced here by 
the aqueous solutions while the two nitrobenzene solutions replace the 
two aqueous solutions usually employed. These observations furnish a 
striking contradiction to the theory that diffusion potentials of considerable 
magnitude exist at the junction of two different nitrobenzene solutions. If 
this were so, and if the inter phase potential differences played no role, the 
direction of the e m f. would be the same m the two cell arrangements de- 


M/s aqueous solution 
of sodium salicylate (or 
of dimethyl toluidine 
hydrochloridt) 


M/io nitrobenzene 
solution of dimethyl 
toluidine + salicylic 
acid 



M/s aqueous solution 
of sodium salicylate (or 
3 * of dimrthyl toluidine 
hydrochloride) 


M/i nitrobenzene 
solution of the same 


Fig 2. 


scribed, i. e., it would not be possible to reverse the direction of the e. m.f. by 
changing the aqueous solutions (replacing sodium salicylate by dimethyl 
toluidine hydrochloride), as is actually the case . 

The question, however, presents itself whether the total e. m f. observed 
is located at the nitrobenzene-water interphases a, b, a ' and b ' exclusively 
or whether a small additional diffusion potential is* also produced at the 
junction of the two nitrobenzene solutions of different concentration (%). 
This problem can be solved approximately in the following way 

The e. m. f of the first cell (concentration cell with respect to salicylic 
acid anions) equals (0.058 Ig ci/cl) + * volts at room temperature* if 
ci and c% are the concentrations of the anions of salicylic acid in the two 
nitrobenzene solutions thdft. m. f. of the second cell (concentration cell 
with respect to dimethyl toluidine kations) equals 0.058 lg ci/c* — x 
volts if ci and c% are the concentrations of the kations in the two nitro¬ 
benzene solutions. 



*054 


RBSNHAtlD BUUTNfl*. 


Now if ci « ct, resp., * c% , *, if the concentration of the dimethyl 
toluidine kations equals the concentration of the salicylic add anions in 
both nitrobenzene solutions at the junction of the aqueous solutions, we 
can calculate the magnitude of the diffusion potentials from the difference 
of the e. m. f. observed; the difference of the e. m. f. of the two cells (0.035- 
0.031 volts) would then equal 0.058 lg c\/c \— 0.058 lg C\/c\ -f 2% or 
x « 0.002 volts. 

Apparently the assumption of the equality of c\ and Ci', resp., c 2 and c% 
is justified if the nitrobenzene contains no other dectrolyte than dimethyl 
toluidine salicylate (no sodium salicylate, resp., no dimethyl toluidine 
HC 1 ). A certain quantity of the electrolyte present in the aqueous solu¬ 
tion will, however, penetrate into the nitrobenzene at the phase junction 
until equilibrium of distribution is established, but this amount must be 
so small that the ionic concentration in the nitrobenzene is not considerably 
changed. In the experiments described, all dhe concentrations were se¬ 
lected in such a way that this is actually the case. This can be proved 
by means of measurements of conductivity, the conductivity imparted 
to pure nitrobenzene after shaking with the aqueous solutions is so small 
that it can be neglected as compared with the own conductivity of the 
nitrobenzene solutions used (as the following figures show) 

Conductivity of the mol solution m nitrobenzene 450 rec Megohms 

Conductivity of the M/10 solution in nitrobenzene 84 rec Megohms 

Conductivity of nitrobenzene after shaking with a double 
volume of M/s sodium salicylate (for six hours) o 6 rec Megohms 

The same after shaking with M/s dimethyl toluidine HC 1 i 5 rec Megohms 

The highly conducting nitrobenzene solutions were also shaken with the two 
aqueous solutions A slight decrease in conductivity was observed in this case [horn 
450 to 430 rec megohms (sod salic ), resp , 420 (dimethyl tol HC1), and from 83 7 to 
83 (sod salic ), resp , 83 (dimethyl tol HC 1 ) ] The cause of this decrease is hard to de¬ 
fine We are certainly justified, however, to conclude from these measurements that the 
ionic concentrations in nitrobenzene are not changed considerably by distribution equi¬ 
librium at the phase junction in question, and that therefore the calculation of the diffu¬ 
sion potential is correct x — 0 002 volts or only a small fraction of the total e m f 
observed 1 

Conductnity of M/s dimethyl toluidine HC 1 o 017 rec ohms 

Conductivity of M/s sodium salicylate o 012 rec ohms 

Conductivity of water after shaking with the mol nitrobenzene 
sol o 0023 rec ohms 

* The same after shaking with the M/ 10 nitrobenzene solution o 0006 rec ohms 
This is of importance for quantitative calculation of the e m f described below 
(6) Similar experiments were performed with other substances; for 
instance, the following arrangement was mea4Rd: 

1 The ionic concentration of the two aqueous solutions m our experiments is not 
changed either by the electrolytes diffusing from the nitrobenzene solution into the 
aqueous phase at the phase junctions, as the following data show 



STUDIES ON A NEW KIND OF E. M. F. 


2055 


— if/s sodium nitroben* Nitrobenzene containing di 
zoate methyl aniline and m nitro- 

aq sol benzoic acid 

; M/i M/io 

obs o 037 volt (constant) 

4 - if/ 5 dimethyl aniline Nitrobenzene containing di 
hydrochloride methyl amluie and m mtro- 

aq sol benzoic acid 

M/i if/10 

obs o 03 volt (constant) 

The diffusion potential between the two nitrobenzene solutions would 
equal zero in this case, as the e. m. f. of the two systems is equal and op¬ 
posite. 

(7) We may conclude from these experiments that ionic mobilities and 
diffusion potentials exhibit similar properties in aqueous and nitrobenzene 
solutions and that there is no reason to suppose that a relatively excessive 


M/s sodium nitroben- 
zoate 4 - aq sol 


ilf/5 dimethyl tolmdme 
hydrochloride 



Nitrobenzene solu¬ 
tion of varying con¬ 
centration 


Fig 3 


velocity of certain ions produces particular effects in systems of immiscible 
electrolytic conductors. Interphase potential differences determine the 
magnitude and the direction of the e. m f. in all such systems. 

Concerning electrophysiological theories it can be said, that the results 
obtained are in direct contradiction to the theory of selective ionic perme¬ 
ability. This theory is applied by some physiological authors in rather 
vague theoretical considerations, explaining various visible changes in 
living cells through an invajpn of positive and negative ions due to an 
alleged mobility or permeaMity of the ion in or through the cell mem¬ 
brane. The experiments described furnish proof against such theories 
by means of the evidence that no essential difference exists between + 
and — ions in water-immiscible solvents so far as the mobility is concerned. 
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(8) A quantitative calculation of the e. m. /, of our concentration cells 
from ike ratio of the ionic concentrations should be possible in the same way 
as with the ordinary concentration cell. If we 'assume that the ionic 
concentration in the nitrobenzene is proportional to conductivity, the 
e. m. f. calculated would be 0.058 lg cjc% volts, where c x and c% are the 
conductivities of the two nitrobenzene solutions: C\ = 450 rec. megohms, 
c% =» 83 rec. megohms; e. m. f. therefore should be 0.042 volt; this value 
is not identical, however, with the one observed (0.033 volt). Owing to 
our incomplete knowledge concerning ionization in nitrobenzene solutions, 
it is difficult to account, with certainty, for this deviation; the following 
observations, however, may have some bearing on the problem: The 
conductivity of the grammolecular nitrobenzene solution (of dimethyl 
toluidine + salicylic add) equals 430 rec. megohms only if saturated with 
water; the same solution in dry nitrobenzene had only 340 rec. megohms; 
the conductivity of the M/10 nitrobenzene solution, however, did not 
change by saturating with water. If we assume that the conductivity of 
the dry nitrobenzene solutions is proportional to the concentrations of those 

® © 

ions which act in the concentration cells (dimethyl toluidine salic. ) 
we get, in fact, a much closer agreement: 0.058 lg 340/83 = 0.035 v °lt, 
which is identical within the experimental errors with the value observed. 
We may assume that the increase in conductivity observed, if the molecular 
nitrobenzene solution is saturated on water, is due to a chemical reaction 
of hydrolysis resulting in the formation of H* ions or other ions. 1 

(9) Experiments of the same kind may be described at last with a somewhat 
modified experimental arrangement (see Fig. 4). By means of this arrangement the 
nitrobenzene-water interphase could be kept constant on one side (in the narrow tube 
a) while the other interphase (in broader tube b) could be changed; the change of the 
e. m. f. with the change of the solution then is the effect observed. This method is 
therefore quite analogous to the one described above (compare Fig. 1), with the differ¬ 
ence that in this case the concentration of the nitrobenzene varied while the aqueous 
concentration is kept constant. 

The narrow tube (a), connected with one electrode, is filled with 1/1 KC 1 (aq. sol.) 
in upper part and with a 0.02 M nitrobenzene solution of dimethyl toluidine and sali¬ 
cylic acid in the lower hook-shaped part; this is immersed into a beaker containing the 
same nitrobenzene solution in varying concentrations; an aqueous 0.5 M solution of 
sodium salicylate (or toluidine hydrochloride) supemates on the nitrobenzene in the 
beaker, in a broader tube (6), this is connected with the other calomel electrode by 
means of a hook-shaped tube. 

With sodium salicylate as constant aqueous solution, the system really measured is: 

1 In the experiments with nitrobenzene solution of dimethyl aniline and m-nitro- 
benzoic acid the value calculated from the ratio of tlflmductivities of the dry solutions 
is 0.054 volt (obs. 0.037 volt). This deviation is due to a very complicated state of 
this nitrobenzene solution which we cannot fully account for so far; the molecular con¬ 
ductivity of this solution increases with increasing concentration. 
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— calomel elec¬ 

Nitrobenzene solution of sali¬ 

0.5 M sodium calomel dec- 

trode 

cylic acid and dimethyl tolui¬ 

salicylate in trode + 

(1/1 KC 1 ) 

dine 

0.02 M (constant) 

variable concentration 

water 

The following 

e. m. f. were observed: 


Concentration 0! the 

Change c 

E. M. F. 

variable solution. 

E. M. F. 

M/2 

0.060 volt 

>0.028 volt 

Iff/ IO 

0.088 volt 

>0.021 volt 

M/so 

0.109 volt 

>0.024 volt 

M/ 2 S 0 

0.133 volt 

>0.000 volt 

M /1250 

0.133 v °lt 


With dimethyl toluidine hydrochloride the system measured is: 

+ calomel elec¬ 

Nitrobenzene solution of sali¬ 

| 0.5 M dimethyl calomel elee- 

trode 

cylic acid and dimethyl tolui- | 

toluidine in trode — 


dine 

0.02 M (constant) 

| water 

l 

variable concentration 

1 


E. M. F. observed: 


Concentration of the 


Change of the 

variable solution. 

E. M. F. 

E. Itf. F. 

M/l 2 

0 048 volt 

>0.029 volt 

M/10 

0.077 volt 

>0.029 volt 

M/so 

0.106 volt 

>0.000 volt 

M/2S0 

0.135 volt 

>0.000 volt 

M /1250 

0.135 volt 



It is seen that the direction of the change is opposite in both cases as the e. m. f. 
of the two systems are in opposite directions. 

The conductivities of the dry nitrobenzene solutions were observed as follows 
(t = 30 °): 

M /2. 243 /ec. megohms 

M/10 . 80.5 rec. megohms * 

M/so . 15.3 rec. megohms 

M/2S0 . 2.7 rec. megohms 

M/12S0 . 0.4 rec. megohms 

In order to calculate the change of the e. m. f. from the ratio of conductivity, it 
must be considered that some sodium salicylate or dimethyl toluidine passes from the 
aqueous solution into the nitrobenzene; it was found that the pure nitrobenzene with 
a conductivity of 0.006 rec. megohm had 2.4 rec. megohms after shaking with 0.5 M 
sodium salicylate (aq. sol.); 2.3 rec. megohms after'shaking dimethyl toluidine hydro* 
chloride. The ionic concentration in the nitrobenzene can therefore not be lowered be¬ 
low a value corresponding to this conductivity, which is about Jf/250. A dilution of 
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the nitrobenzene from M /250 to M /1250 can, therefore, produce no change of the e. 
tn f ai was really observed With relatively concentrated nitrobenzene solutions 
the salts invading from the aqueous solution can be neglected, the change of the e m f 
equals the one calculated from the ratio of conductivities o 5 M to o 1 M o 058 lg 
80 5 * o 028 volt, (obs o 029) For the intermediate concentrations the value 
‘observed is m each case smaller than the one calculated owing to the electrolytes pene¬ 
trating into the nitrobenzene from the aqueous solution, 

M/\o to Ml 50 o 058 lg 80 5/15 3=0 042 volt (obs o 021, o 029 volt) 

JW/50 to Ar/250 o 058 lg 15 3/2 7 ■* o 044 volt (obs o 029 volt) 

A quantitative calculation similar to that described above for aqueous solutions 
does not seem possible, however, owing to our incomplete knowledge concerning dis¬ 
tribution and ionization m nonaqueous solutions 


IV. Concentration Double Cell of a New Type. 

(9) Observations concerning the e. m. f. of the following concentration 
cell may finally be mentioned * 


— 02 M sod salic (aq 
sol) 

HC 1 (aq sol) | 


M dimethyl tol + salic acid 
nitrobenzene 
M dimethyl tol *f salic 
acid nitrobenzene 


02 M dimethyl 
tol 

02 M sod salic aq sol -f- 


e m f observed at room temperature o 066 volt (constant) 

(Concerning the experimental arrangement compare Fig. 4.) 

This cell cannot contain any diffusion potentials at all according to the 


M/s aqueous solution 
of sodium salicylate 


M/s aqueous solution 
of dimethyl toluidine 
hydrochloride 



M/i nitrobenzene M/10 nitrobenzene 

solution of dimethyl solution of dimethyl 

toluidmt + salicylic toluidine + salicylic 

acid acid 


Fig 4 


measurements of distribution and conductivity described above, the total 
e. m f. observed must be located at the four-phase junctions. 

Comparing this cell with those described on page 2053, it is easily under¬ 
stood that the «. m. f. observed here must equal the sum of those previously 
described, which is actually the case* 0.031 + 0.035 v °lt = 0.066 volt. 

A concentration double cell of this type is especially fit for arranging 
a large number of alternating nitrobenzene and aqueous layers in such a 
way as to product a considerable e. m. f. because the same aqueous solution 
is at both ends of the cell, and also because it contains no diffusion poten- 
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tiafa at all. Experiments concerning such cell arrangements will be com¬ 
municated later. 

Summary. 

(1) The e. m. f. of cell arrangements consisting of aqueous and nitro¬ 
benzene solutions is measured; the solutions which are in contact with 
each other always contain one common ion. This makes it most easily 
possible to calculate from the thermodynamic formula those potential 
differences which exist at the nitrobenzene-water interphase. 

(2) Preliminary experiments are described, in order to test the nature 
of ionic conduction in nitrobenzene and in order to prove the applicability 
of the thermodynamic formula at the phase junctions in questipn. 

(3) The e. m. f. of cells which consist of two nitrobenzene solutions of 
different concentrations in contact with each other between two identical 
aqueous solutions is then measured. It can be proved that the total 
e. m. f. of these systems is practically entirely located at the phase junctions 
and not at the junctions of the two nitrobenzene solutions. This result 
can be understood without an elaborate theoretical explanation by contemplating 
the diagrams of the cells. If the c. m. f. observed was located at the junction 
of the two nitrobenzene solutions it would certainly not be possible to reverse 
the direction of the e. m. f. by changing the aqueous solutions . uch as is 
actually the case. 

(4) Ostwald had assumed that membranes or layers of watcr-immiscible 
electrolytes between two aqueous solutions produce e. m. f. owing to a 
selective ionic permeability ; this would mean that in the membrane the 
mobility of the anion, i. e., far exceeds that of the kation, thus producing 
a diffusion potential. According to this hypothesis then, the e. m. f. 
produced by a water-immiscible layer is not located at the phase junction 
but inside the layer or membrane. This theory does not agree, therefore, 
with the experimental results obtained here. 

(5) Cremer’s experiments on biphasic water-nitrobenzene cell arrange¬ 
ments do not support the theory of different mobilities of anions and kations, 
because the e. m. f. observed by him is also located at nitrobenzene-water 
interphases. This is due to the fact that the distribution of electrolytes 
between water and nitrobenzene is much more complicated than was assumed 
by Cremer; the salt contained in the aqueous solution invades the nitro¬ 
benzene on one side to a much larger extent than on the other side, as can 
be shown by means of conductivity measurements. In the experiments 
described here the aqueous and nitrobenzene solutions are selected in 
such a way that their ionic concentration is not changed appreciably by 
electrolytes passing from either phase into the other, if the equilibrium 
of distribution is established. For this reason it can be claimed that these 
experiments furnish a better argument for the problem in question. 

Department op Experimental Bioloot, 

The Rockefeller Institute for Medical Research, 
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This element was first described by Mosander during his researches 
upon yttria, just previous to 1843, under the name of erbium. He stated 
that the oxide was orange-yellow and the salts colorless. 

Later, several, chemists, employing the fusion of the nitrate method, 
failed to obtain 4 he original erbium of Mosander, so the name erbium was 
given to terbium, which gave a rose colored oxide. 

Delafontqin maintained the existence of old erbium, or terbium as it 
was now called. He recommended samarskite 1 as a source of terbium, 
and described the preparation of a terbia of a dark orange-yellow color. 
The salts prepared from it were said to be colorless and to show only a 
trace of the absorption of didymium. 

Marignac* fractionated 300 g. of gadolinite earths and obtained three 
sets of oxides: white yttria, rose erbia, and intermediate oxides of a more 
or less deep yellow color. He separated the didymium from these and 
showed that the color must be due to a third gadolinite oxide originally 
mentioned by Mosander and later denied by Bunsen and Bahr, and Cleve 
and Hoglund. Marignac’s terbia, purified by the potassium sulfate 
method and the oxalic acid method, consisted of a dark orange-yellow 
powder. 

Cleve* confirms Marignac’s conclusions with regard to the existence of 
terbia. 

Lecoq de Boisbaudron 4 pointed out the complicated nature of terbium 
oxide. He said that it contained variable proportions of yttria, bolmia, 
ytterbia, samaria, erbia and the yellow earth. Such material was sub¬ 
mitted to many fractionations. The resulting products when tested by 
the spectroscope showed the possibility of the existence of three terbiums, 
which he designated by Za, Z/ 3 , and Zy. Z /3 gave a very deep reddish 
brown terbia. The solution of the chloride gave only a weak absorption 
spectrum composed of the bands of dysprosium and of a band which ap¬ 
peared to belong to a new element. The same band (X487.7) appeared as 
strongly in the paler colored terbias, and he, therefore, concluded that it 
was due to another terbia which he provisionally named Zb. He was 
unable to fractionate further, since all the material was used up. 

Boisbaudroh* examined a sample of impure mosandria, and found that 
it consisted of yttrium a and terbia as Marignac had supposed. 

1 Ann. chim. phys., 14, 238 (1887). 

* Ibid., 247. * 

* Bull. soc. chim., 31, 195 (1879). 

4 Compt. rend., zoa, IJ3 (1886). 

' Ibid., 647. 
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Hoffmann and Kruss 1 showed that terbia (of this date, 1893), .which 
cannot be split up further by means of the double sulfate or formate 
methods, may be fractionated by solution in aniline chloride. 

Marc 2 worked upon terbium material, obtained by Weiss during the 
preparation of didymium from monazite by the chromic acid method of 
Muthmann and Bohm, and came to the conclusion that, although his 
terbia was colored deep brown, only a few per cent, of the element causing 
this was present. He also said that the solution of the oxide gave an ab¬ 
sorption band X464-461. 

Emma Portratz, 3 in a paper on terbium and some of its compounds, de¬ 
scribes the oxide as being of a brownish orange color like some varieties of 
ocher. 

Feit 4 worked on the yttrium earths from monazite and obtained a crude 
oxide, which he supposed contained about 12% of terbia. 

Urbain, 6 by three different methods of fractionation, obtained a dark 
colored earth between gadolinium and dysprosium, whose solutions showed 
the absorption band X488. He kept, provisionally, the name Z 5 , given 
by Boisbaudron to the element possessing this property. The results of 
Marc were not duplicated. The latter stated that the sah of terbium 
possessed a pink color, while Urbain showed that a common colored im¬ 
purity of terbium was dysprosium. The compounds of this latter element 
communicate a green tint to those of terbium. Urbain obtained about 
100 g. of the crude dark oxides. This material was submitted to a further 
long and careful fractionation, 6 which gave 7 g. of an oxide, that could not 
be divided by continued fractionation. It gave a dark brown oxide by 
ignition of the oxalate, and a black oxide when the sulfate was calcined 
at, 1600°. The oxide corresponded to the formula Tb 4 0 7 . The solution 
of this oxide showed the absorption spectrum of Z 5 , the inverse spectrum 
of Z/ 3 , the spark spectrum of Demarcay’s T, and the phosphorescent 
spectrum of a meta element of yttrium and to G0 (Crookes). The atomic 
weight was found to be 159.22. 

Urbain 7 states that Boisbaudion’s Za is identical with dysprosium. * 

Urbain and Jantsch, 8 in describing some new compounds of terbium and 
dysprosium, state that terbium can be weighed as the oxide Tb 4 0 7 if it has 
not been heated to too high a temperature. 

1 Z. anorg. Chem., 4, 27 (1893). 

* Ber., 35, 389 (1902). 

* Chem. News , 92, 3 (1905). 

4 Z. anorg. Chem., 43, 267 (1905). 

1 Compt. rend., 139, No. 19 (1904). 

• Ibid., 141, No. 12 (1905). 

7 Compt. rend., 143, 229 (1906). 

• Ibid., 146, 127 (1908). 
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Urbain 1 concludes among other things that the elements T of Demardiy, 
2/5 and Z 6 of Lecoq de Boisbaudron, G$, ionium, and incognitum of Sir 
William Crookes are identical with terbium. 

Welsbach* fractionating the yttrium earths by means of the double 
oxalates with ammonium oxalate, observed that terbium was distributed 
between the gadolinium and dysprosium fractions. He said that the 
separation was tedious, but might be carried out satisfactorily. On each 
side of the terbium the fractions were colored deep ocher; also they gave 
no optical test for terbium. From this he concluded that old terbia con¬ 
sisted of three elements, which he provisionally named TbI, Tbll and 
TbIII. TbI was closely related to gadolinium, and TbIII to dysprosium. 

Separation. —The methods used originally gave an oxide containing only 
a few per cent, of terbium oxide. These processes include: fusion of the 
nitrates; precipitation by potassium sulfate; precipitation of oxalates 
from a strongly nitric acid solution; the formic acid method. 

When the nitrates are partially decomposed by heat, poured into water, 
boiled until clear and allowed to cool and crystallize, the least basic element 
separates first in the form of a crystalline basic nitrate. This method is 
not to be recommended for the extraction of terbium. 

Terbium potassium sulfate and terbium sodium sulfate are very much 
less soluble than the corresponding double sulfates of yttrium and erbium, 
etc. They are more soluble than those of the cerium metals. Owing to 
the similar solubilities of the double sulfates of gadolinium and dysprosium, 
and also to the fractional precipitation nature of the method, it is very 
tedious. 

The fractional precipitation of the oxalate from a highly acid solution 
of the nitrate is practically useless. 

Terbium formate is very much less soluble than yttrium formate, and 
the formates might be used for the separation of yttrium and terbium, if 
it were not for the fact that they form a double compound. Philippium 
formate was found to be yttrium terbium formate. 

Later, Boisbaudron recommended the use of very dilute ammonium 
hydroxide. Urbain says this method is very tedious. He advises the 
following: fractional crystallization of the double nitrates with nickel; 
fractional crystallization of the simple nitrates in the presence of bis¬ 
muth nitrate ; fractional crystallization of the ethylsulfates. 

The double mickel nitrate method 3 gave gadolinium nickel nitrate, in 
a very pure state, as the least soluble portion. The most soluble frac¬ 
tions gave very dark colored oxides, whose solutions showed a strong 
spectrum of dysprosium, a feeble spectrum of holmium, and an almost 

1 Chem. News , zoo, 73 (1909). 

* Chem. Ztg., 35, 658. 

* Urbain, Compt . rend., 139, No. 19 (1904). 
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imperceptible band of Z 5 These solutions possessed an olive color. 
The middle fractions gave oxides, paler m color, and the solutions when 
examined by the spectroscope revealed only the band belonging to ZS. 

The Fractionation of the Simple Nitrates m the Presence of Bismuth 
Nitrate —Urbain found that the solubility of bismuth nitrate in nitric 
acid to be greater than the solubility of gadolinium nitrate, but 
less than that of dysprosium Since bismuth nitrate is isomorphous 
with the nitrates of the raie earths, it would accumulate with 
the terbium and enlarge the amount of material, thus making it 
easier to carry on the fractionation The above chemist found, after a 
careful study, that bismuth nitrate is less soluble than the nitrate of ter¬ 
bium However, he v, as unable to separate quantitati\ ely terbium from 
gadolinium, as he had done with e uropium and samarium by the addition 
of bismuth magnesium nitrate Bismuth was separated from the ter¬ 
bium fractions by means of hydrogen sulfide The terbium was then 
precipitated by the addition of a solution of oxalic acid 

Fractionation of the ethylsulfates rapidly separates terbium from most 
of the yttrium earths This method has been extensivel} used by Urbam 
and Tacombe 

The authors, after due consideration, came to the conclusion that the 
only methods worth trying were the last three The double nickel ni¬ 
trate method must be a very good one, since, by it, Urbain obtained a 
pure white gadolinia This process was tried, and some difficulty was 
encountered in the crystallizations It requires considerable experience 
m order to get good crystals It is also unfortunate that the liquid is so 
highly colored, for it prevents observations being made with regard to 
changes in color of the earth solutions themselves In addition the ab¬ 
sorption spectra cannot be studied 

The crystallization of the simple nitrates was not tried, since it does 
not work anything like as rapidly as the bromate method The ethyl 
sulfates are useful It is a very great pity that they are so readily hy¬ 
drolyzed 

The material, for the extraction of terbium oxide, consisted of gado¬ 
linium oxide contaimng terbium oxide There were also present certain 
amounts of dysprosium and holmium oxides and traces of those of yttrium 
and erbium The whole was converted into bromates by warming with 
bromic acid The bromates so obtained were submitted to a long and 
careful fractionation 

After a few senes of operations, the whole of the terbium and most of 
the holmium and dysprosium were found to be m the most soluble por¬ 
tion As the work proceeded, a faint absorption band appeared m the 
blue, when the least soluble fraction was examined by means of the spec- 
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troscope, This was due to small amounts of europium, which showed 
that europium bromate was less soluble than gadolinium bromate. 

Europium bromate would, therefore, appear to possess the lowest solu¬ 
bility of all the rare earth bromates. The solubility first of all decreases 
as we go up the series in the following order: lanthanum, cerium, praseo¬ 
dymium, neodymium, samarium, europium. After europium has been 
reached, the solubility commences to increase again in this manner: 
europium, gadolinium, terbium, dysprosium, holmium, yttrium, erbium, 
thulium, ytterbium, lutecium, celtium, and scandium. 

By the time a considerable number of series of operations had been 
carried out, the colors of the pxides of the fractions were observed to show 
very much light upon the rapidity of fractionation. The least soluble— 
gadolinium bromate—gave a nearly white oxide. All gadolinium was re¬ 
moved from the series, as soon as it gave an almost white oxide. With 
increase of solubility the color of the oxides rapidly changes. They be¬ 
came darker and darker until a maximum was reached, after which the 
colors became paler. The most soluble fractions gave a buff colored oxide. 
These portions were removed when this condition had been attained. 
From these results it can be seen that terbium is rapidly separated from 
gadolinium by means of the bromate method. The separation of terbium 
from dysprosium is not as simple as in the case of the previous element. 
Perhaps the ethylsulfates would be the best salts to use for this portion 
of the work. The results of the application of this method will be de¬ 
scribed later on. 

The fractions that gave the darkest colored oxides showed only one 
absorption band—that of Z 5 or terbium. The more soluble portions of 
the terbium showed the absorption bands of dysprosium in addition, 
while the less soluble portions gave very faint neodymium bands, the 
latter indicating the fact that neodymium bromate comes between the 
bromates of terbium and gadolinium. It would, therefore, be reasonable 
to conclude that by the careful use of neodymium the separation of ter¬ 
bium and gadolinium could be carried out quantitatively. Neodymium 
can, of course, be readily separated from terbium by many well known 
methods, such as by crystallizing the double magnesium nitrates with 
bismuth magnesium nitrate. Only three or four operations are neces¬ 
sary. Neodymium magnesium nitrate passes into the least soluble frac¬ 
tions, since it* Is practically insoluble in bismuth magnesium nitrate. 
The bismuth magnesium compound comes next, while the terbium mag¬ 
nesium nitrate collects in the mother liquor. 

A statement, made somewhat recently, by another worker with re¬ 
gard to the bromate method, led one to understand that there was con¬ 
siderable difficulty in separating yttrium from gadolinium. Yttrium bro¬ 
mate comes between the bromates of erbium and holmium with regard 
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to their solubilities. It will, therefore, naturally tend to divide itself into 
two portions, one accompanying the erbium and the other the holmium 
and dysprosium. Therefore as soon as a fraction, less soluble than 
dysprosium, no longer gives the dysprosium absorption spectrum, it is free 
from yttrium. Since, in addition, terbium and neodymium come between 
dysprosium and gadolinium, the separation of yttrium and gadolinium 
must be extremely good. When we have a fraction containing yttrium 
more soluble than holmium and free from the absorption bands of this 
element, it is free from gadolinium. 

The original bromates used in this work comprised many kilograms. 
As large amounts of gadolinium bromate were, however, rapidly removed 
from one end, and fair quantities of the bromates of erbium, yttrium, 
holmium, and dysprosium from the other, the bulk of material undergo¬ 
ing fractionation quickly decreased. The whole of the erbium was re¬ 
moved in the most soluble portion after a few crystallizations. This was 
followed by yttrium and holmium with some dysprosium. Finally the 
holmium bands became very faint, and later dysprosium, with a little 
terbium, formed the most soluble fractions of the series. 

By this time the fractions had become reduced to about 10 g. in each. 
About 30 g. of very pure terbium oxalate, giving a black oxide, were ob- 
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tained. Thirty grams of an oxalate not quite so pure were also separated. 

The crystallization of the chlorides from hydrochloric acid was used 
in the endeavor to separate small amounts of terbium from dysprosium. 
The chlorides formed very nice crystals, and the mother liquor could easily 
be drained off. The rate of fractionation seemed to be about the same 
as in the case of the nitrates. The oxide from the least soluble was darker 
than that from the most soluble portion. This showed that terbium 
chloride like terbium nitrate passed into the least soluble fractions. 

When a mixture of gas and air was directed upon terbium peroxide, 
or upon gadolinium oxide containing terbium peroxide, heated almost to 
redness, the mass immediately became incandescent, and the gas usually 
4 ook fire. 
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A strong solution of terbium nitrate gave an absorption spectrum con¬ 
sisting of one band in the blue as shown in the figure on preceding page. 

The authors conclude from their results that there is only one terbium. 
By means of the bromate process, terbium is comparatively rapidly sepa¬ 
rated from gadolinium; and neodymium, if present, comes between the 
two. This work agrees with that of Urbain and not with that of von 
Welsbach. 

DUMIAK, N H. 

THE RADIUM : URANIUM RATIO IN CARNOTITES . 1 

Bv S C Lind and C P. Whittbmokb. 

Received August 7 , 1914 

I. Introduction. 

The constancy of the ratio of radium to uranium in the uranium min- 
erals, and its significance in the theory of the origin of radium have been 
recognized for some time. For its experimental demonstration we are 
indebted to the early work of Boltwood, 2 Rutherford, 3 Strutt, 4 McCoy, 6 
and Eve. 6 

At a somewhat later period it began to be recognized that certain 
uranium minerals of secondary origin, of which autumte (Ca(U0 2 )2(P0 4 )2.- 
8H1O) is one of the chief representatives, show a ratio below that of pitch¬ 
blende. In 1909, Mile. Gleditsch 7 announced that she had found a sample 
of French autunite showing only about 80% of the normal ratio. A low 
ratio was confirmed in 1910 by A. S. Russell, 8 who, also in a sample of 
French autunite, found only 27% of the normal ratio, while Soddy and 
Pirret, 9 about the same time, found a sample of Spanish autunite with 
44*5% of the pitchblende ratio. 

To account for these low ratios in a sense consistent with the Rutherfordl 
and Soddy theory of radioactivity, two different explanations have been 
proposed. The first supposes that the secondary minerals are too young 
for the quantity of radium to have accumulated to the maximum equi¬ 
librium value shown in the older minerals such as pitchblende. The 
second mode of explanation assumes that the secondary minerals, owing, 
to a looser mechanical structure, are more subject to a leaching process 
by water and that radium is more readily removed than uranium, which, 
results in a low ratio of the former to the latter. 

1 Published by permission of the Director of the Bureau of Mines 

• Boltwood, Phtl Mag , 9, 599 (1905), Am J Set . 18, 97 (1904), 25, 269 (1908) 

• Rutherford and Boltwood, Am J Set, ao, 55 (1905), 22, 1 (1906) 

4 Strutt, Proc Roy Soc Lond , (A) 76, 88 and 312 (1905) 

• McCoy, Ber , 37, 2641 (1904), This Journal, 27, 391 (1905) 

• Eve, Am J Set , 22, 4 (1906) 

7 Mile Gleditsch, Compt rend , 148,1451,149, 267 (1909) 

•AS Russell, Nature, 84, 238 (1910) 

• Soddy and Pirret, Phil Mag , 20, 345 (1910), ax, 652 (1911) 
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Additional evidence, adduced principally by Marckwald and Russell , 1 
appears to support the “leaching” theory, since the ionium uranium ratio 
was found much more nearly to approach theory m autunite than does 
the radium uranium ratio, thus indicating a removal of radium, while 
lead, one of the end products of the uranium family, was found to be 
almost entirely lacking 

At the same time that Mile Gleditsch 2 announced the existence of a 
low radium uranium ratio in autunite, she reported a high ratio (about 
ib% high) in thonamte of Ceylon The explanation of a high ratio ap¬ 
peared to present much more formidable difficulties than the low ones 
Mile Gleditsch favored the view that either ionium, or some other un¬ 
known member between uranium and radium, had a much longer period 
than previously supposed, necessitatmg a greater lapse of time for equi¬ 
librium to be attained Consequently all the uranium minerals according 
to this view would be slowly advancing to an equilibrium quantity of 
radium higher than that m most pitchblendes 

This \ iew of Mile Gleditsch’s did not find general acceptance Soddy 
and Pirret 2 had also examined autunite, pitchblende and thonamte, and 
while confirming a low ratio for autunite, as already stated, they failed to 
find a difference between the latter two exceeding 3%, which they regarded 
as within their limits of expenmental error 

In a later investigation extended to a much larger number of uranium 
minerals Mile Gleditsch 8 confirmed her earlier results, finding ratios of 
radium uranium varying from 1 82 X 10“ 7 for chalcolite of Saxony, 
to 3 74 X 10" 7 for pitchblende of Cornwall, while from two pitchblendes 
from Norway she reported 3 48 X io~ 7 and 3 64 X 10“ 7 , respectively 
The most recent experimental contribution to this subject is the search¬ 
ing examination by Heimann and Marckwald 4 of the radium uranium 
ratio in eight samples from all the principal pitchblende localities of the 
world, including Joachimsthal, Saxony, German East Africa, Norway, 
Bohemia, Colorado, and Cornwall Determinations were made by two 
entirely different methods, the emanation method and the gamma-ray 
method In all eight samples constancy of the radium uranium ratio was 
found within o 4% The absolute value of the ratio was determined by 
comparison with a radium solution having its origin m the Hoenigschmid 6 
atomic weight radium of the Institute for Radium Research in Vienna 
and was found to be 3 328 X io” 7 . The satisfactory agreement of this 

1 Marckwald and RusseU, Ber , 44, 771-5 (1911), Jahrb d Radioakt u Elec - 
tromk 8, 457 (1911) 

* Loc at 

* Mile Gleditsch, Le Radium, 8, 256 (1911) 

4 Heimann and Marckwald, Jahrb d Radioakt u Elektrontk, io, 299 (1913), 
Phystk Z , 14, 303 (1913) 

* Hoemgschmid, Stizb Vienna Acad , Abt Ila, xao (Nov, 1911) 
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number with the theoretical value of the ratio as calculated from radiation 
data (see Calculation by Stefan Meyer 1 ) lends it a great degree of relia¬ 
bility. 

Camotites have been included among the specimens of uranium minerals 
examined by a few authors. From the results of Boltwood 2 and of McCoy,* 
no abnormally low ratio for this mineral was apparent, while Mile. 
Gleditsch* reported, for a sample of Colorado camotite, a ratio of only 
2.34 X io~ 7 , which corresponds to about 70% of normal ratio. Marck- 
wald and Russell 3 found 91.6% of normal ratio for a camotite of Colorado 
and 71.5% for one of Florida(?). From these results the impression seems 
to have been general that camotite always has a low ratio. 

The increasing importance of camotite as one of the chief sources of 
radium has made it appear desirable to undertake a thorough examination 
of the radium : uranium ratio in a much larger number of samples of this 
mineral. To this end about twenty specimens of camotite of all grades 
and from various localities have been examined. By way of anticipation, 
it may be stated here that, on small samples, we have confirmed in some 
cases the low ratios, finding one almost as low as that of Mile. Gleditsch, 
which is to be regarded, however, as very exceptional. On the other hand, 
we have also found an equal number of high ratios (also in the case of small 
samples only), some as high as the highest ratios found by Mile. Gleditsch 
for any of the primary minerals and one considerably higher, 4.6 X io~ 7 , 
which is the highest ratio yet reported for any uranium mineral. 

What appears to us to be of the greatest significance is the fact that 
these abnormal ratios, both high and low, occur only in samples repre¬ 
sentative of small quantities of ore (a few pounds), while all samples 
from large lots (1 ton up to a carload) invariably show a ratio practically 
identical with that of pitchblende. This appears to us to suggest strongly 
a theory of transposition within the ore bed rather than one of complete 
removal by leaching. This point will be more fully discussed in the Con¬ 
clusion ; but it is quite evident that there is no reason to suppose camotite 
to be abnormal in ratio, provided the determination be made on a sample 
representative of a considerable portion of an ore bed, while rather large 
deviations in both directions are found by the examination of small samples, 
n. Camotite Samples. 

The samples of camotite investigated have been chosen with the object 
of representing the principal localities in Colorado and Utah where this 
ore has been found in any quantities of importance. All grades of camotite 
from 1.5 to 33% of UsOg have been included. 

The samples were not collected by the authors, nor were they taken 
with any reference to geological conditions or position in ore beds but are 
1 Stefan Meyer, Ibid., xaa (June, 1913). 

1 hoc. tit. 
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simply representative of carnotites as they come on the market either as 
specimens or in commercial quantities. As already mentioned, a special 
significance attaches to the specimens representative of large quantities 
of ore. Owing to the magnitude of the present production of carnotite 
ore we have been fortunate in obtaining ground samples representing 
large quantities of carefully sampled ore which we feel is of the utmost 
importance in obtaining correct values for radium content. We wish to 
take this opportunity of thanking all the gentlemen through whose courte¬ 
sies we have been supplied with these samples. ‘ 

III. General Discussion of Methods. 

Two distinct determinations enter into the radium: uranium ratio 
which contribute equally to the accuracy of the result. The methods of 
determining radium in carnotite differ little from those employed for many 
other uranium ores and present no especial difficulties, provided suitable 
methods are used to liberate the emanation. We have employed the 
emanation method exclusively and always after attainment of equilibrium 
in the samples, sealed in glass tubes for a month or more; accumulation 
methods starting from zero emanation have not been used. Aluminium 
leaf electroscopes of the Wilson type were used with discharg' chamber 
and leaf system separate. Calibration was made by means of analyzed 
pitchblende from Colorado assuming the ratio found by Heimann and 
Marckwald 1 of 3.328 X 10“ 7 to be correct. 

The determination of uranium in carnotite does present, however, ex¬ 
ceptional difficulties owing to the presence of vanadium, and many of the 
earlier proposed methods of separation have been foynd unsuitable. 
Full details of the method which we have found satisfactory are given in 
Section VII as well as references to other methods which we have em¬ 
ployed in some cases for control. 

The low uranium content of most carnotites as compared with other 
higher grade ores renders it difficult to attain the desired degree of ac¬ 
curacy in determining the uranium and, to a less extent, the radium con¬ 
tent. We have sought to overcome this difficulty by repeating deternii- 
nations frequently and by employing additional methods of control in all 
cases of doubt. These same precautions have also been used in the radium 
determinations, which have all been checked by two independent methods 
of liberating the radium emanation. Especial care has been taken in the 
case of all abnormal ratios to be sure that the deviations were real ones 
and not due to errors in the measurement either of radium or uranium. 
We believe that the average results reported in vSections VIII and IX are 
accurate to within 1-2%. 


1 Loc cit 
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IV. The Emanating Power of Camotite. 

The term “emanating power” was used first by Boltwood 1 to signify 
the percentage loss of emanation from a radioactive ore, and was applied 
by him in the determination of radium as an additive correction to the 
quantity of emanation liberated by direct solution. The emanating 
power for many samples of carnotite has been found surprisingly large 
in the present investigation (compare Table IV, Col. 6) varying from 16 
to 50%. This high degree of emanating power is not only to be noted as 
one of the distinguishing characteristics of carnotite but has also formed 
such a controlling factor in the experimental procedure that it deserves 
some preliminary attention. 

The loss of emanation by the ore is due to a diffusion of the gas and is 
much lower (only 3 to 8%) in the case of dense, compact minerals like 
pitchblende than for camotites which have a looser mechanical structure. 
For a given sample it is doubtless, as suggested by Rutherford, 2 dependent 
on the degree of fineness of the ore. We have not undertaken any direct 
investigation of the relation between emanating power and fineness, or 
any other property, but have ascertained that fineness cannot be the 
principal controlling factor among different specimens, as there is no re¬ 
lation whatever apparent between the order of fineness of different samples 
and their emanating power. 

Evidently a given percentage error, in determining the emanating 
power to be used additively in obtaining the total emanation according 
to Boltwood, would more seriously influence the final result in case of a 
camotite than in an ore where its relative value is small. Our earlier 
results showed on repetition considerable deviations in emanating power, 
which suggested that the emanation was not always removed to the same 
degree from the same sample. This is probably due to differences in the 
amount of air passed over the ore, or differences in air pressure or velocity, 
resulting in drawing varying amounts of emanation out of a more or less 
porous structure. A simple remedy suggested itself as a modification of 
the Boltwood method, namely, to make the determinations of the emanating 
power and the emanation liberated by solution strictly complementary 
to each other, in the sense that each sample dissolved should represent 
part or the whole of the sample from which emanation had just been drawn 
to determine the emanating power. By this procedure it is indifferent 
whether various determinations of emanating power are concordant or 
not so long as the sums obtained by adding corresponding determinations 
are in agreement with each other. That the latter is in reality the case 
may be seen from Table I, in which it will be noted that, for each ore, the 
agreement for the total emanation is better than that of either of the in-‘ 

* Lee. cii. 

* Rutherford, "Radioactive Substances and Their Radiations," p. 364 (19x3). 
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dividual values going to make up the sum. Only a few examples can be 
given in the table illustrative of this point, because it was soon found more 
convenient to determine the total emanation in one operation, as will be 
described below. 


Table I — 

-Illustrating Advantage of 

" Complementary ” 

Emanation Method 

Ore No! 

Eman power in 

1 curies X 10® 

So In eman in 

4- curies X 10* 

Tula! eman in 
curies X 10* 

«* per 1 g ore 

2 

15 O 

87 I 

102 I 


17 6 

84 5 

102 I 

4 

14 O 

58 6 

72 6 


11 7 

60 8 

72 5 

5 

21 8 

27 7 

49 5 


23 6 

26 2 

49 8 

8 

4 38 • 

8 93 

M 3 


4 45 

8 5^> 

13 0 


Unless one desires to know the emanating power itself, it is simpler to 
determine the total emanation in one operation by sealing the ore in a very 
thin bulb, of the type shown in Fig 1, for a month or more before breaking 
under acid to liberate the total emanation 
This method checks excellently with the “complementary” modified 
Boltwood method, as will be seen from Table II. The bulb (a), of 4 to 
Table II -Comparing Results ok “ Sealed Bulb Method" (I) kor Total Emana- 
1 ion in One Operation, with "Complementary Method” (II) 



Eman 

power tn 

Soln eman in 

Total eman in 

Ore No 

curies X 10* + 

curies X 10* 

» curies X 10*. 

14 

I 



II 09 


II 

3 906 

7 188 

II 09 

15 

I 



8 08 


II 

3 488 

4 467 

7 96 

16 

I 



7 08 


II 

3 191 

3 9i6 

7 u 

18 . 

I 



7 34 


II 

I 2 24 

6 156 

7 38 

19 

I 



8 54 


II 

2 993 4 

5 606 

8 60 

20 

I 



29 9i 


II 

9 847 

19 77 

29 62 

21 

I 



23 61 

• 

II 

10 72 

13 12 

23 84 

22 

I 



21 21 


II 

3 445 

17 64 

21 09 


10 mm. diameter, according to the quantity of ore to be used, is blown 
very thin so as to break without endangering the outer flask (J) containing 
HN 0 8 . The weighed ore is introduced into the bulb through (6) and then 

1 This numbering of samples is the same as used throughout the paper See 
Section VIII 
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the glass stem (c) is sealed on and constricted to make a complete seal at 
(<J) the upper end (e) being also sealed for convenience The whole is 
introduced through a double-bored rubber stopper (g) just off the bottom 

of the flask (/) and may be broken 
by a slight downward rap on (e) 
By boiling the and the ore is 
readily attacked and all of the 
emanation is boiled over into a 
gas buret (compare Big n) The 
good agreement between tins 
method and the one already de¬ 
scribed may be seen from Table II 
In connection with fusion meth¬ 
ods to be later described, it was of 
mterest to know the emanating 
power of the cold solidified mass 
resulting from the fusion of car- 
notite m sodium carbonate On 
investigation its emanating power 
proved to be zero, which is in 
marked contrast with the action of 
carnotite in the cold without flux 
Since we have always found (com 
pare Table III) great difficulty m removing emanation even out of the 
hot fusion of carnotite m NaaCOs-K^COa mixture, although the same 
method works well on pitchblende or crude sulfates, the following sug¬ 
gested itself to us If the cold fusion loses no emanation, while the ore 
alone loses large percentages, it seemed plausible that a direct ignition of 
the ore with no flux might bring about the liberation of emanation more 
readily than with a flux This procedure proved eminently successful 
with carnotite (though a complete failure for crude sulfates) and has 
served m all cases as a control for the solution method 
Impracticability of Solid Radiation Methods for Carnotite —It should 
also be noted while dealing with emanating power that the high and variable 
values exhibited by carnotite seem to preclude the possibility of em 
ploying, for accurate determination, any radiation method from the solid 
ore for eithef alpha, beta, or gamma rays, unless, m the employment of 
the gamma-ray method, a large quantity of ore could be kept for a month 
and then measured in an absolutely tight vessel 

V. Emanation Method for the Determination of Radium. 

For the liberation of emanation from carnotite we originally proposed 
to employ three methods (i) Solution m boiling 1-1HNO* (a) corrected 
for “emanating power” by the “complementary” method already de- 


Ftg.l 

Emanati on Method 
Using Scaled Tuba 


o 
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scribed in Section IV; ( b ) by a single operation, by dissolving ore in equi¬ 
librium with emanation from a sealed tube. By reference to Table II 
it will be seen that both modifications of this method are equally suitable. 
(2) Fusion with a Na 2 C08-K 2 C03 mixture, which is later fused again in a 
Jena glass tube. This method will be seen from Table III to give very 
low results for carnotite and was soon abandoned. Perhaps by means of 
electrical heating to a higher temperature the emanation could be expelled 
from the fusion. The heating employed, both here and for the direct 
ignition method, was by means of a M 4 ker burner. A Jena glass tube, 
into which the ore or fusion is introduced directly (without boat) and held 
in place by glass wool plugs, Was held in the bare flame of tins burner. 
{3) Direct ignition of the ore under conditions just described This method 
was suggested by the high emanating power of carnotite and has proved 
entirely satisfactory, giving results which accord well with those of the 
solution method (cf. Table III). 

In the solution method the emanation always was allowed to stand in 
a gas buret for ten minutes before passing into the electroscope, to allow 
any possible thorium emanation to decay; while in the ignition method 
air was passed directly over the heated ore through a small H 2 S 0 4 drying 
bulb into the exhausted electroscope The fact that both methods give 
concordant results indicates the absence of thorium in carnotite. This 
is further supported by the return of the natural leaks of the electroscopes 
after a few hours to their original values, which would not be the case for 
the mduced activity of thorium. (4) Fusion with NaaC(VK 2 COa followed 
by solution in 5% NajCOa, filtration, solution of the residue in 1-3HNO3, 
and subsequent boiling off of both alkaline and acid solutions. This 
method, which is referred to as the fusion and solution method in Table 
III, will be seen to give results about 10-20% low. This we attribute to 
the almost invariable precipitation of some colloidal silica, involving the 
adsorption of radium and consequent loss of some emanation. 

Of the four methods tried, two were found suitable and two unsuitable, 
as will be seen from the comparative results in Table III. 

Tabu* III— Comparative Results of Different Methods for Dr-emanating 

Carnotites 

Total emanation in ctiriea X 10 * bjr method 



(1) Solution in 

(2) Fusion with 


( 4 ) Fusion and 

Ore No 

1 -lHNOi 

Naa-KsCOa 

( 3 ) Ignition 

solution 

2 

. . . IOI 4 

63 5 

98 0 

83 O 

4 

72 6 


73 3 

53.8 

13 

7 83 

2 62 

7 89 

6 20 

H 

11 09 


II 63 

8 92 

*5 

8 08 



6 98 

16 . 

7 11 


7 17 


17 • 

8 66 


8 65 

7 38 
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Solution and Boiling of the Emanation requires no especial explanation. 
The apparatus is shown in Fig. n. 

Hot water containing some NaOH is used in the gas buret ( h ); 1-1HNO* 
is used as solvent in flask (/). A glass stopcock at ( s ) has been found more 
p. ^ convenient than rubber tubing and a clamp. 

Apparatus for All possibility of loss of emanation by the 

Dissolving Carnotitt passage of water into the side arm (t) is 

Collecting the Emanoh™ avoided by allowing all air to pass up into (h) 

before the bulb (a) is broken. In case of an 
ore not sealed in glass, the same may be ac¬ 
complished by folding a filter paper containing 
ore, so that it remains in the neck of flask (/) 
until all air is expelled and the steam softens 
the paper, allowing it to drop into the acid. 
The stopcock should be closed at this time, or 
on breaking the glass bulb, and then gradually 
opened to prevent a sudden rush of gas from 
carrying undissolved ore up into the alkali. 
Pitchblende used for standardization purposes 
was treated in the same way as camotite, 
either directly with correction for emanating 
power or from a glass tube which had been 
sealed one month. 

For the ignition method the ore was sealed 
in a straight piece of Jena combustion tubing 
* drawn down to capillary points at both ends. 
The tubes were about 4 to 10 mm. internal 
diameter, depending upon the volume of 
the sample, and about 15 to 20 cm. long. The weighed ore was 
introduced through one end, which was then drawn out and sealed. The 
ore is held in place in the middle portion of the tube by means of glass wool 
plugs. After standing one month or more the tube was connected through 
H2SO4 micro-drying bulbs (cf. Fig. 2 a) to the exhausted electroscope on 
one side and to the outside air on the other side. After breaking the 
capillary ends inside the rubber connections, air was allowed to sweep over 
the ore, the tube being heated by a Mdker burner (iVie inch grating) until 
the Jena glass completely collapsed. This treatment will be seen, by 
reference to Table III, to give complete de-emanation. 

VL The Electroscope Measurements. 

Two electroscopes were employed, both of the Wilson type, with sulfur 
insulation between the leaf chamber and the ionization chamber below. 
The volumes of the latter were about 1 and l /% liter, respectively, the 
former cubical and the latter cylindrical in shape. 
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Perhaps because of the symmetrical shape of the ionization chambers 
it appeared to make little difference whether equilibrium with induced 
activity was attained with or without a charge on the instrument Con¬ 
sequently, after allowing the gas to remain m the electroscope for three 
hours, a charge was put on for 10 to is minutes before taking a series of 
ten readings over 40 scale divisions Quantities of P/g 2 a 
< manation were usually introduced such as to gi\ e a 
discharge of about i division per second 

Standardization was carried out by dissolving about 
40 mg of carefully analyzed (cf Sections VIII and 
XII) pitchblende of Colorado in boiling 1 1HNO3, as¬ 
suming the Ra/U ratio as 332s v 10 7 according to 
Heimann and Marckwald 1 The analysis of pitch 
blende was carried out by the method emplo}ed for 
carnotite (cf Section VII), with the omission of the 
procedure for the separation of vanadium 

Data for Standard Pitchblende — One gram of stand¬ 
ard pitchblende contains o 765 g U^Og - o (>49 g 
U = 216 X io~ 7 g radium Emanating power 
= 27% Therefore, 1 mg dissolved directly gives 2 10 X 10 curies 
of radium emanation 

As a control of standardization of the electroscopes before each de 
termination a gamma-ray measurement was carried outbyplacmg a sealed 
glass tube, containing about 1 mg of radium element in a tube fixed to 
the base of the discharge chamber, and measuring the rate of the discharge 
produced, which usually remained practicall) constant Deviations of 
2 to 3%, attributable to variations m pressure and temperature of the air, 
were used as direct collections instead of the usual barometric and tern 
perature corrections Deviations greater than 2 or 3% were attributed 
to changes in the leaf system, necessitating recalibration New calibra¬ 
tions were not found necessary oftener than in 1 to 2 months 

Emanation was introduced into the partially exhausted chamber 
through a micro drying tube filled with H2SO4 (cf Fig 2a), any possible 
spray from which was prevented from entering the chamber by a short 
layer of cotton battmg After using the electroscope, the emanation was 
immediately removed by a current of dry air taken from outside the 
laboratory and the natural leak of the instrument determined the following 
day, before use 

VII. The Determination of Uranium. 

The method which we have found most satisfactory for the determina¬ 
tion of uranium m carnotite is a gravimetric one given below in full detail, 
including the volumetric determination of vanadium Although having 
1 Loc ett 
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no direct beating on the present subject we include in Section VIII the 
data for vanadium in order to illustrate its occurrence in typical carnotites. 

Gravimetric Method for Vanadium and Uranium in Carnotite 1 and Other 
Ores, —Treat from 2-5 g. of ore, according to the amount of V, Fe, and U 
present, in a covered beaker, with 10 cc. HC 1 and let it stand fifteen min¬ 
utes with occasional shaking. Add 5 cc. HN 0 3 and heat on a steam bath. 
When quiet, remove the cover and evaporate to dryness. Add 3 cc. HC 1 
and 5 cc. H 2 0 to the residue and let it stand on the steam bath for a few 
minutes, stirring occasionally. Dilute with 25 cc. hot water, filter into 
a small beaker and wash the residue with warm water. 

Some ores do not yield all the V to this treatment; a little of it may 
remain with the insoluble residue. To make sure that all V is in solution 
ignite the residue in a platinum dish, treat it with 5 cc. of HF and evaporate 
to dryness on a steam bath. Do not bake the residue. It is not necessary 
to expel all Si() 2 . Add 3 cc. of HC 1 to the residue from the HF treatment, 
and evaporate to dryness. Repeat this treatment to insure expulsion of 
HF. Treat the residue with 2 cc. of HC 1 and 2 cc. H 2 0 and manipulate 
until any red crust is dissolved, dilute the solution with water and filter 
it into the main liquid. 

Pass HjS into the liquid to separate copper, etc., filter and boil the liquid 
to expel H2S. Concentrate the liquid to 100 cc. if necessary, and oxidize 
it with an excess of H2O2 and then neutralize with dry Na 2 C 0 3 , adding 
2 or 3 g. in excess. Boil the liquid for about fifteen minutes, until the 
yellowish U precipitate dissolves, leaving a brown precipitate which is 
principally iron. Filter and wash the iron precipitate with water, re¬ 
serving the filtrate. Dissolve the iron precipitate in the least possible 
amount of HN 0 3 (i-i), and add 10 cc. of H 2 0 2 , neutralize with Na2CO*, 
add an excess of 2 g. and boil as before. Filter into the beaker containing 
the first filtrate. The iron precipitate may contain a little V—reserve it 
for further treatment. 

Concentrate the united filtrates from the iron precipitation to a volume 
of about 200 cc., add 10 cc. of strong HN 0 3 and boil until all CQ 2 is ex¬ 
pelled. Neutralize the free acid with ammonia (until a slight permanent 
precipitate appears), then add 4 cc. of HNO3 for each 100 cc. of liquid. 
Now add 10 cc. of a 20% lead acetate solution, and enough (about 20 cc.) 
of a strong solution of ammonium acetate to reduce the hydrogen ion 
concentration approximately to that of acetic acid. The object is to pre¬ 
cipitate the V ds lead vanadate in an acetic acid solution. The ammonium 
acetate solution may be made by mixing 80 cc. of strong ammonia, 100 cc. 
of water and 70 cc. of 99% acetic acid. 

Heat the liquid containing the lead vanadate precipitate on the steam 
bath for one hour or more, filter on a tight filter and wash with w arm water. 

1 Cf. U. S. Bureau of Mines, Bulletin 70, by R. B. Moore and K. L. Kithil, p 88. 
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Dissolve the precipitate in the least possible quantity of h6t dilute (not 
stronger than 1-3) nitric acid* neutralize as before, add 3 cc. of HNO» 
in excess, add 2 cc. of lead acetate solution and repeat the precipitation 
of lead vanadate by adding ammonium acetate in excess, filter and add 
the filtrate to the first one. Reserve the precipitate of lead vanadate for 
treatment described below. Concentrate the united filtrates from the 
lead vanadate to about 400 cc., add 10 cc. of strong H2SO4 to separate the 
bulk of the lead (derived from the excess ot lead acetate) as PbS0 4 , filter 
it off and wash with cold H 2 0. Neutralize the filtrate from the PbS0 4 
with ammonia and add freshly prepared (NH 4 )HS until the solution is 
yellow and the uranium and what little lead is present are separated as 
sulfides. Warm the mixture on a steam bath until the sulfides settle well. 
Filter and wash slightly with warm water. 

Dissolve the ppt. with hot dilute nitric acid ( 1 - 2 ) and collect the solution 
in a No. 2 beaker, add 5 cc. of II 2 vS 0 4 and evaporate to the appearance of 
fumes, cool and take up with water, boil and let the small amount of 
PbS0 4 settle until the solution is cold, filter it off and wash it with very 
little dilute H 2 S0 4 . 

Separation of Alumina .—Nearly neutralize the filtrate with ammonia; 
have the solutions cool (not over 30 °) and add powdered carbonate of 
ammonia in about 2 g. excess, let the precipitate of alumina settle, filter 
it off, wash with warm water and if it appears to be a considerable amount, 
or is at all yellow in color, dissolve it in a little dilute H2SO4 and repre¬ 
cipitate with ammonium carbonate as above. Acidulate the filtrate from 
the alumina with H2SO4, boil thoroughly to expel C() 2 , make the liquid 
slightly alkaline with NH 4 OH while it is hot and heat on the water bath 
until the ammonium uranate collects and settles. Filter and wash with 
very dilute (NH 4 )N 0 3 (2%). Do not allow the precipitate to nm dry 
on the filter after the first washing. Dry the precipitate and ignite it in 
porcelain, weighing as UaCV Dissolve the precipitate in HN 0 3 and test 
it with H 2 0 2 for vanadium and with (NH 4 ) 2 COs for aluminium. 

Dissolve the lead vanadate in dilute nitric acid, add 10 cc. of H2S0 4 
and evaporate the mixture until fumes appear. Cool, take up with water, 
and add fusion solution (see following paragraph), a’dd 10 cc. of concen¬ 
trated solution of S0 2 to the mixture, boil until the excess of SOj> is expelled 
and titrate the hot solution with potassium permanganate solution. The 
reduction of the solution by SO 2 is from V 2 0 6 to V 2 O 4 . It is not necessary 
to filter out the lead sulfate before boding to expel SO 2 . The boiling is 
best done in a large flask. In expelling the excess of S0 2 , it is necessary 
to boil the liquid for at least ten minutes after the odor of S0 2 can no 
longer be detected. 

The iron precipitate, which was produced by the addition of Na*CO# 
and H 2 0 2 to the original add solution, may contain vanadium. Ignite 
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it in a platinum crucible and fuse it with NajCOa, leach the fusion with 
water, filter, acidulate the filtrate with H*SOi and add it to the main 
solution before reducing with SO* or reduce and titrate it separately if 
preferred. 

For the details of other methods of control one is referred to Bulletin 
70, of the Bureau of Mines, 1913 and 1914, pp. 82 to 91. 

In general, it may be stated that the most prevalent errors m the de¬ 
termination of uranium result in the precipitation of some other material, 
such as SiOs, AI2O3, or V2O6, along with uranium, which would produce a 
low Ra/U ratio. To guard against the former two possibilities, we have 
usually redissolved UsOg and passed the solution through a Jones’ reductor 
to determine uranium volurtietrically by titration with KMn 0 4 . 

VIII. Experimental Data for Camotites. 

No l. 1 A sample from 65 lbs, Cripple Cieek claim Long Park, Paradox Val¬ 
ley, Colorado Per cent U* 0 | 2 10, 2 08, 2 12, Av 2 ogs — 1 78% V Av per 
cent VjOb, 2 53 Ra per g X 10® 5 94, 2 6 n, and 5 99 (ignition method) Av 
6 02 X ior • g Em power = 29 6% R a /U - 3 38 X io~~ 7 

No 2. A small sample from the “Rajah” claim, Roc Ctcck, Paradox Valley, 
Colorado Per cent U3O8 33 19, 33 24, Av 33 22 = 28 i8 ( / c U Av per cent 
V 2 0 », 14 05 Ra per g X io 8 1 50 4 - 8 71 = 10 21, 1 67 + 8 34 = 10 01, 1 76 + 

8 44 « 10 jo, Av 10 14 X iu~ H g Em power - 16 2° ( Ra I T — 3 5Q X io ~ 7 

No 3. A small sample from “Black Fox” claim, Bull Canon, south of Paradox 
Valley, Colorado Pei cent UjOa i 6?, i 57, i 60, 1 58, Av 2 595 = 1 35% IT 

Av per cent V2O6, 5 22 Ra per g X 10® 2 13 4 * 2 06 = 4 21, 4 29, 4 30, 4 23 

(ignition), Av 4 26 X io~* g Em power = 50 5V Ra/U =3 16 X 10 ~ 7 

No 4. A small sample from “Florence ’ claim, Long Park, Paradox Valley 
Colorado Per cent U,Os 23 54, 23 42, Av 23 48 = ig Q2% U Av per cent 

V* 0 », 10 63 Ra per g X to 8 i 404 4 5 861 -= 7 27, 1 166 + 6 082 = 7 25, 7 33 

(ignition) Av 7 28 X io“* g Em power 17 7% Ra/U * 3 66 X io~~ 7 

No 5. Small sample from a Curran claim, Long Park, Paradox Valley, Colorado 
Per cent UjO* 24 03, 23 43, 24 75, 24 37, Av 24 25 « 20 60% U Av per cent 

VaO», 13 51 Ra per g X io 8 2 18 + 2 77 *= 4 95,2 36 + 2 62 - 4 98, 4 93. 4 97 

(ignition), Av 4 g6 X io ~ 8 g Em power 45 8 0/ ( Ra/U = 2 41 X io~ 7 

No 6. A small sample of a concentrate prepared by a method which may have 
affected its Ra/U ratio Hence the data of No 6 are not included in Table IV Per 
cent U«Oi 9 20, 9 05 Av p 125 = 7 74% U Av per cent VaO*, jo 08 Ra 
per g X io* 2 166, 2 167, 2 184 (ignition), Av 2 17 X io~* g Em power — 
30 4% Ra/ U « 2 80 X io~ 7 

No 7. Small sample fiom “Florence” claim, Long Park, Paradox Valley, Colo¬ 
rado Per cent UiO* 3 16, 3 17, 3 23, 3 19, Av 3 185 * 2 70% U Av per cent 
ViO*. 4 82 Ra per g X 10® 4 26 + 6 35 = 10 61, 10 86, 10 58 and 10 6o, 10 94 
(ignition), Av /<j 72 X io~ 9 g Em power = 39 7% Ra/U - 3 g7 X io~ 7 
No 8. Sample of 3,016 lbs from a Cummings claim, Bull Canon, south of Para¬ 
dox Valley, Colorado Per cent U s O» 4 78, 4 72, 4 62, 4 61 A \ 4 68 ** 3 g7°/t 
1 The order of numbering is one of convenience only, but the same numbers have 
been used for the same ores throughout the paper 

* Ra values consisting of the sum of two determinations refer to the “compleqjen- 
tary” method, those without designation refer to method of total emanation by solu¬ 
tion in one operation; ignition methods are designated as such. 
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U Av percent ViO*, 4 10 Raperg X io 9 4 38 -f- 8 93 “ 13 31,4 45 ■+■ 8 50 - 

12 95, 12 42, 12 90 (ignition), 13 67, Av 13 05 X io~ 9 g Em power « 33 9% 

Ra/U = 3 29 X io~ 7 

No 9. Sample of 29,118 lbs from same locality as No 8 Percent U«Ot 1 52, 
1 57 1 48 Av / 523 * 1 29% U Av per cent V 2 Oi, 4 00 Raperg X io 9 

1 052 + 3 294 = 4 35,0 719 -f 3 300 = 4 22,4 43 4 41 (ignition) Av 4 35 X io - * 

g Em power = 20 4% Ra/U — 3 42 X i0 7 

No 10. Sample of about 4000 lbs fiom same location as No 5 Per cent 
UsOs 2 45 2 35, 2 48 A v 2 40 - 2 04% U Av per cent V/) 6 5 27 Ra per 
g X io 9 7 23, 7 40, 7 30 (ignition) Av 7 31 X 10 9 g Em power ~ 29 0% 
Ra/U « 3 58 X icT 7 

No 11. Small sample fiom Melrose claim, Green River District Utah Per 
cent UaOg 4 14 4 11 4 12 4 16 Av 4 13 » j 50^ U Av percent V 2 0 6 5 07 
Ra per g X 10 9 4 83 + 5 74 = 10 57' 5 03 + 5 73 ~ 10 78, 11 12 10 87 (igni 
tion) 11 41 Av to 95 X io~ 9 g Em power = 43 i ( / t Ra/U - 3 13 X 10 7 
[No 12. (Standard) Pitchblende from Kirk Mine, Gilpin Co, Colorado Per 
cent UjOi 76 40, 76 58 Av 76 50 — 64 9% U Ra per g 2 16 X 10 7 (calcula 
ted from Heimann and Marckwald’s 1 Ra/U ratio 3 328 X ioT 7 , also in dose agree 
ment with a sample of analyzed pitchblende of known radium content from Boltwood) 
Em powei 27% by two determinations ol 5 98 and 3 73 X io" 9 curies respectively I 
No 13. Sample of a carload lot (ca so tons) from the claims of the Crucible 
Steel Co , Long Park, Colorado Per cent U 3 0 * 2 74, 2 82 Av 2 78 = 2 ?< 5 < y f U 
Av per cent Vj 0 6l 4 67 Ra per g X io 9 3 51 + 4 32 = 7 83, (ign tion), 7 89 
4 v 7 86 X io~ 9 g Em power = 44 7% Ra/U * 3 34 X io~ 7 

No 14. Sample of carload lot (ca 23 tons) from the same locality as No 13 

Per cent TJ, 0 » 3 91, 3 95 A\ 3 93 » 3 33% U Av per cent V 2 0 6 , 5 12 Ra 
per g X io 9 3 90 + 7 19 — 11,09, 1J 09 Av 11 09 X io~ 9 g Em power ■=» 33 2% 
Ra/U » 3 33 X io ~ 7 

No 15. Sample of a carload lot (ca 20 tons) from same locality as No 13 Per 
cent UiO* 2 85,2 82, Av 2 833 = 2 4i°/ ( U Av percent Vi 0 6 , 4 72 Raperg X 
io 9 3 488 -f 4 467 = 7 955, 8 076, Av 8 02 X io~ 9 g Em power == 43 4% Ra/U * 
3 33 X io" 7 

No 16. Sample of a carload lot (ca 22 tons) from some locality as No 13 Per 
cent UiO* 2 52, 2 54, Av 2 S3 ^ 2 16% U Av per cent V 2 06 , 3 75 Ra per g X 

io 9 3 191 + 3 916 = 7 107, 7 077 (ignition) 7 219, 7 174, Av 7 14 X 10 • g 

Em power = 44 9 % Ra/U = 3 32 X ioT 7 

No 17. Sample of a carload lot (ca 19 tons) from same locality as No 13 Per 
cent U» 0 * 3 05, 3 03, 3 06, Av 3 05 =2 S9 C A U Av per cent VtO* 4 66 Ra 

per g X io 9 8 66, 8 65 (ignition) Av 8 66 X iv~ 9 g Em power = 47 7% 

Ra/U = 3 34 X 10 7 f 

No 18. Small sample from Kelly Lode No 3, west of McIntyre District Colorado, 
near Utah boundary Per cent U 8 0 * 25 63, 25 71 , Av 25 67 * 21 77% U Av. 
per cent V^O*, 22 3 Ra per g X io 8 1 224 + 6 136 * 7 38, 7 34. 7 37 (ignition) 

Av 7 36 X io~* g Em power « 16 6°/ Ra/U *= J 38 X 10 7 

No 19. About 60 lbs of a composite sample of several ores Per cent UjO* 

3 18, 3 26, 3 17, 3 io,Av 3 18 * 2 70% U Av piv cent ViOr, 4 03 Raperg X 
io* (ignition) 8 902, 8 935, Av 8 92 X io~ 9 g Era power ^ 33 5% Ra/U •* 
3 30 X io~~ 7 

No 20. A small sample from Horse Mt , Eagle County, Colorado Per cent. 
U.O. 7 81, 7 75, Av 7 78 * 6 60% U Av per cent VjO&, 8 80 Ra per g X io 9 

1 Loc at 



2o8o 


*, C, LIN© AN© C. F. WNlTT^Mdto. 


9 85 *f *9 77 ** 29 62, *9 91/30 62 (ignition) 30 98 Av jo j X ro" 1 g Em power 
- 29 6% Ra/U - 4 5p X J<r 7 

No 21. A small sample from a Meyer’s claim, South Park, Colorado Per cent 
UsO» 9 52, 9 so, Av p 36 » 7 94% U Av per cent ViO*, 3 85 Ra per g X 10 s 
i 07 r 1 31 83 2 38,2 36,2 37 (ignition) Av 2 j;X ro~ 8 g Em power = 45 29 c 
Ra/U « 2 qq X io~ 7 

' No 23. A lot of several hundred pounds from the Wade and Taylor claims, Pac 
Creek, near Moab, Utah Per cent UsO* 7 52 » 6 38% U Av per cent Va 0 6 
11 23 Ra per g X 10 8 o 344 + 1 764 = 2 11, 2 12 (ignition) 2 15 Av 2.13 X 
jo 8 g Em power * 16 2% Ra/U = 3 34 X io~ 7 

No 23. Sample of 1,120 lbs f rom the same locality as No 22 Per cent U*Og 
11 62 * g 86 ( / 0 U Ra per g X io 8 3 29, 3 26 (ignition) A v 3 28 X ior 8 g 
Em power * 25 1% Ra/U « 3 33 X JOT 7 

No 24. Sample of about one ton of ore of unknown origin, very finely ground 
suspected of being a mill product from which radium had been largely removed, and 
mixed with a low grade carnotite Per cent UsOa 8 83, 8 85 A x 8 84 - 7 50% U 
Av per cent V 3 0 * 6 87 Ra per g X io* 3 99, 3 88 4 24 (ignition) A v 4 04 X 
io ~ 8 g Ra/U = o 54 X ior 7 

Not® —The reasons for distrusting this sample as not being a natural carnotite 
ore are rather numerous Its Ra/U ratio is ver> abnormally low its origin could not 


Table IV —Summary of Experimental Data for Carnotites 


Ore 



9 

G Ra X 10 * Emanating 

% normal 
ratio (pitch 
Ra/U blende- 

No 

Locality * 

per 1 g ore 

power m % 

xio* 

100 %) 

5 

Paradox Valley 

24 25 

20 6 

49 6 

45 8 

2 41 

72 4 

21 

South Park 

9 36 

7 94 

23 7 

45 2 

2 99 

89 8 

II 

Green River, Utah 

4 *3 

3 50 

«> 95 

45 1 

3 13 

94 0 

3 

South of Paradox 

1 60 

1 35 

4 26 

SO 5 

3 16 

94 9 

8 

South of Paradox 

4 68 

3 97 

13 05 

33 9 

3 29 

98 8* 

19 

(A mixture) 

3 18 

2 70 

8 92 

33 5 

3 30 

99 I 

16 

Long Park 

2 53 

2 16 

7 14 

44 9 

3 32 

99 7 * 

*4 

Long Park 

3 93 

3 33 

11 09 

35 2 

3 33 

100 0* 

15 

long Pork 

2 84 

2 41 

8 02 

43 4 

3 33 

100 0* 

23 

Moab, Utah 

11 62 

9 86 

32 8 

25 1 

3 33 

IOO 0* 

13 

Long Park 

2 78 

2 36 

7 86 

44 7 

3 34 

IOO 3* 

17 

Long Park 

3 05 

2 59 

8 66 

47 7 

3 34 

100 3* 

2? 

Moab Utah 

7 52 

6 38 

21 3 

16 2 

3 34 

IOO 3* 

18 

McIntyre District 

25 67 

21 77 

73 6 

16 6 

3 38 

101 5 

I 

Long Park 

2 10 

1 78 

6 02 

29 6 

3 38 

101 5 

9 

South of Paradox 

I 52 

1 29 

4 35 

20 4 

3 42 

102 7* 

IO 

Paradox Valley 

2 40 

2 04 

7 3 i 

29 0 

3 58 

107 5 * 

2 

Paradox Valiev 

33 22 

28 18 

101 4 

16 2 

3 59 

107 8 

4 

Long Park 

23 48 

19 92 

72 8 

17 7 

3 66 

109 9 

7 

Long Park 

3 19 

2 70 

10 72 

39 7 

3 97 

119 2 

JO 

Eagle Codnty 

7 78 

6 60 

30 3 

29 6 

4 59 

Av, 

137 8 

101 8 


1 In Colorado when not otherwise specified See preceding sections for fuller de¬ 
tails 

* All samples starred represent large quantities of ore (several hundred pounds tip 
to 35 tons). 
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be ascertained. Examined under the microscope, it appears full of a net work erf crys¬ 
talline needles partly soluble in water (apparently CaSO<), such as could not have ex¬ 
isted in the original ore because the length of the crystals is several times the average 
diameter of other particles, showing that they must have formed after the ore was 
ground. On ignition, considerable quantities of sulfur are distilled off, probably owing 
to reduction of sulfates by organic matter. For these reasons we hjvc not regarded 
it as natural carnotite, and have presented the data for whatever general interest they 
may have, without including them in Table IV, however. 

IX. Discussion of Results. 

On inspecting the last two columns of Table IV, there appears to be 
only one possible conclusion as to the radium : uranium ratio of carnotite; 
namely, that it is identical with that of pitchblende in all large quantities 
of well-sampled ore. This appears, in general, to be true regardless of 
the locality or composition of the ore. The low and high ratios occur only 
in cases of small samples and are apparently due to local transposition of 
radium within the ore bed, resulting in differences which are completely 
equalized on sampling sufficient quantities of ore. We are not prepared 
to go further into the nature of this transposition at the present time, be¬ 
cause, as already stated, the samples were not collected with this object in 
view. 

Of course, the fact that the average of all ratios in Table IV should be 
within 2% of normal is somewhat accidental; but that the average of all 
the large samples is within 1% of normal appears by no means accidental 
and seems to represent about the average of our limits of experimental 
error. 

The question naturally presents itself as to whether high and low ratios 
for other minerals can be explained in the same way as for carnotite. As 
far as the authors are aware, it is true that determinations of the radium 
uranium ratio have been made in all the minerals examined on small sam¬ 
ples only. On the other hand, it is to be recalled that high ratios had not 
been hitherto reported except in the case of primary minerals which are 
not so much subject to the action of water. Furthermore, in the case of 
autunite, where leaching certainly does produce very low ratios, no high 
ratios have ever been found to support the view of “transposition” as put 
forward for carnotite. In such instances it has be&n found that the 
leaching process removes the radium completely from association with the 
original uranium parent, usually disseminating it very widely, or in ex¬ 
ceptional cases forming deposits containing considerable radium with no 
uranium, as found by Jacques Danne 1 in a specimen of pyromorphite at 
Issy L’Eveque. 

The difference in the completeness of leaching exhibited by autunite 
and carnotite may be due to the fact that the latter occurs in a region of 
very low rainfall; in fact, aridity seems to be a necessary condition for the 
1 Jacques Danne, Compt. rend., 140, 341 (1905)- 
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existence of camotite. Under such conditions and in view of the fact that 
the extent of camotite deposits is frequently quite large, a “transposition” 
of radium might be expected rather than a complete removal. 

The high degree to which camotite gives up its emanation by diffusion 
as shown in Table IV and discussed in Section IV, appears rather re¬ 
markable. This property does not seem to be connected with any other 
known properties of the ores and we are not able at present to do more 
than call attention to it, as well as to note that camotite appears to furnish, 
in the solid state, a more abundant source of radium emanation than any 
other mineral with the same radium content. 

X. Summary. 

1. Samples of camotite representing large quantities of ore (a few 
hundred pounds to several tons) show a Ra/U ratio identical with that of 
pitchblende, 3.33 X io~ 7 . 

2. Samples from small quantities (a few pounds) tend to exhibit abnor¬ 
mal Ra/U ratios. One instance as low as 2.48 X io~ 7 and one as high as 
4*6 X io~ 7 have been found. 

3. The most plausible explanation for these ratios seems to be one of 
“transposition” of radium within an ore bed, producing local differences 
which are equalized in mixing large quantities of ore. 

4. The “emanating power” of camotite is high and varies from 16 to 
50%. 

5. In order to obtain concordant results by the Boltwood emanation 
method, it was found desirable to determine the emanation liberated by 
solution in the same sample from which the emanating power had just 
been determined, thus making the two determinations strictly “comple¬ 
mentary.” 

6. Radium may be more easily determined by the emanation method 
in one operation either by solution or by ignition from tubes in which it has 
been sealed for one month to reach equilibrium. 

7. In contrast with the successful solution or ignition method for de- 
emanating camotite, fusion with carbonate, and also the fusion and solu¬ 
tion methods both gave low results and were abandoned. 

It gives us great pleasure to acknowledge our indebtedness to Professor 
R. B. Moore for his helpful advice during this investigation. 

Uxtrsu STATta Bumau or Mimsb, 

Dbnvba, Colo. 

[Contribution prom the Chemical Laboratory of Lafayette College.] 

CESIUM ALUM AND ITS PROPERTIES. 

By Edward Hart and Hbnry B. Husblton. 

Received August 10. 1914. 

Since the discovery of cesium by Bunsen, in i860, its compounds have 
been investigated at various times, but a broad field for research still 
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exists. The alum is one of the many compounds of cesium that offer an 
opportunity for original work. 

Cesium alum was studied by Redtenbacher 1 in 1865, by Carl Setterberg* 
in 1881, and by Locke 8 in 1901. Setterberg compared the solubility of 
rubidium and cesium alums at eight different temperatures. Locke, in 
his work on an examination of all possible alums, gives the solubility of 
cesium alum at four temperatures and two of these differ from the results 
obtained by Setterberg. His other values were found at temperatures 
not given by Setterberg and, therefore, must be compared with inter¬ 
polated figures. They are not the same. 

The alum used was prepared from pollucite by treatment witji sulfuric 
and hydrofluoric acids, followed by solution in water and reerystallization. 
The pollucite used appeared to contain zirconium. A considerable amount 
of jelly-like material separated, probably a zirconium compound, which 
was not further examined. This renders filtration difficult and tedious. 
The trude alum had a slight yellow color, due to ferric iron, which was 
removed by recrystallization from water containing sulfur dioxide. 

The crystals finally obtained were examined spectroscopically and found 
to be free from rubidium and potassium. These crystals were used in 
the following 

Table I —Solubiliiy Determinations 


No 

Temp 

Residue per 

100 g HjO 

Gram 

No 

Temp. 

Residue per 

100 g ILO 
Grams 

I 

7 ° 

O 255 

IO 

47 ° 

I 17* 

2 

IQ 

O 4 22 

II 

49 25 

I 3«7 

3 

22 

O 426 

12 

50 

1 *17 

4 

22 S 

0 435 

13 

56 

1 86 

5 

24 

0 474 

14 

60 

2 06 

6 

29 5 

0 571 

T5 

66 

2 798 

7 

31 5 

0 607 

16 

66 

2 85 

8 

40 

O 865 

17 

68 

3 13 

9 

41 

O 879 

18 

80 

5 78 


The first five values of Setterberg coincide almost exactly with ours. 
Above 40° his values are less. In Table II, the values from 0-7 0 were 
obtained by interpolation using Setterberg's values dor o°. From 8o~ 
ioo° they were calculated by extrapolation and are only approximately 
correct. 

Specific Gravity.- Lr fhe specific gravity of the hydrated alum was ob¬ 
tained by weighing in 95% ethyl alcohol in which it is insoluble. Two 
determinations were made giving 1.96 and 1.93, average 1.945. 

Melting Point .—The hydrated crystals in powder were enclosed in the 
usual capillary tube, which was heated in sulfuric acid. After the alum had 

1 Redtenbacher, J prakt Chettt , 94, 442 (1865). 

2 Setterberg, Ann , 2x1, 100 (1882) 

* Locke, Am Chem J , 36, 166 (1901) 
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Tabls II —Tub Solbbiuty or Amkydbocs Cssrtni Alum, ‘A1C»<SO.)i W Vm 


Temp. 

Grams per 
100 g HtO. 

Temp 

Grams per 
100 g. HtO. 

Temp. 

Grams per 
100 v HtO. 

Temp. 

Oram* per 
100 g. HtO. 

o° 

0 19 

22° 

0 43 

48° 

21 

70° 

3 50 

I 

0 20 

23 

0 45 

49 

27 

71 

3 67 

2 

0 21 

24 

0 47 

50 

30 

72 

3 85 

3 

0 22 

25 

0 49 1 

51 

39 

73 

4 07 

4 

0 23 

26 

0 50 

52 

45 

74 

4 30 

5 

0 24 

27 

, 0 51 

53 

5i 

75 

4 50 

6 

0 25 

28 

0 52 

54 

58 

76 

4 72 

7 

0 26 

29 

0 55 

55 

65 

77 

4 95 

8 

0 27 

50 

0 57 

56 

7i 

78 

5 15 

9 

0 28 

3i 

0 59 

57 

77 

79 

5 40 

10 

0 29 1 

32 

0 60 

58 

86 

80 

5 78 

ll 

0 30 

33 

0 62 

59 

92 

81 

6 05 

12 

0 31 

34 

0 65 

60 

2 06 

82 

6 4 

13 

0 32 

35 

0 69 1 

61 

2 14 

83 

6 7 

H 

0 34 

36 

0 72 

62 

2 25 

84 

7 0 

IS 

0 35 

37 

0 75 

63 

2 37 

85 

7 4 

16 

0 36 

38 

0 77 

64 

2 50 

86 

7 7 

17 

0 38 1 

39 

0 80 

65 

2 65 

87 

8 0 

18 

0 39 

40 

0 85 

88 

8 3 

95 

10 1 


0 40 

41 

0 87 

89 

8 6 

96 

10 4 

20 

0 41 

42 

0 91 

90 

8 8 

97 

10 8 

21 

0.42 

43 

0.96 





44 

1 01 

66 

2 78 

91 

9 0 

98 

11 1 

45 

1 06 

67 

2 96 

92 

9 2 

99 

11 5 

46 

1 10 

68 

3 13 

93 

9 5 

100 

12 0 

47 

1 17 

69 

3 34 

94 

9 9 




Note —o° to 40° accurate as given 40° to 80°, first decimal correct 80 0 to 
ioo°, extrapolated, approximately correct 

melted, a fine capillary was inserted and the solidifying point determined 
by drawing on the capillary until it broke. The following determinations 
show that the alum melts at 117 0 * 


Beginning 

End 

Solid. 

Average. 


118 0 

Il8° 

H 5 ° 

116 5° 


116 

118 

117 

117 

• 

117 

Il8 

1 X6 

117 

Average, 

xi 7 

Xl8 

xx6 

117 


The melting point of cesium alum has been cfetermined as follows: 
Tilden,* 106* Erdman,* 120.5°; Locke, 4 122°. 

Easton. Pa 

1 Given by Setterberg 
1 Tilden, J Chem Soc , 45, 266 (1884) 

* Erdman, Arch Pharm , 232,13. 

4 Locke, Am Chem J , 26, 183 (1901). 
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THE PERCHLORIC METHOD OF DETERMINING POTASSIUM. 
AS APPLIED TO WATER ANALYSIS. 

By Claucnc* Scholl. 

Received M»y 4, 1914 

Potassium is determined gravimetricaUy as potassium chloroplatinate 
(KiPtCle), as potassium cobaltinitrite (K*Co(NO*)«), and as potassium 
perchlorate (KCIO4). 

The potassium chloroplatinate method is most commonly used. It is 
accurate, but there are difficulties because of the solubility of the salt 
in alcohol, the non-uniformity of the precipitate, the loss by ignition, and 
the cost of material. The cost of chloroplatinic acid equivalent to i g. 
of potassium in the precipitate, KjPtCh, amounts to $4.90. y/hile this 
material can be recovered, the cost of recovery is considerable. 

The determination as potassium cobaltinitrite 1 in its present form is not 
satisfactory. The results are unreliable. 

The potassium perchlorate method, more commonly called the Wense 2 - 
Caspari 8 method, has been applied to the analysis of fertilizers and similar 
material containing alkalies, alkaline earths, iron, aluminium, magnesium, 
and phosphates. The chief difficulty in this method has been the ob¬ 
taining of the perchloric acid. The danger of preparing the pure acid, 
as was attempted, is very great. For this reason the method ha - not been 
available to many chemists. Recently a 20% solution at $3.00 a Kilo, 
a 30% solution at $4.80 a Kilo, and even stronger solutions of perchloric 
acid have been placed on the market. 

The quantity of perchloric acid necessary to combine with 1 g. of potas¬ 
sium costs 3.8 cents. The cost of an equivalent amount of chloroplatinic 
acid is $4.90. The cost of perchloric acid in the perchlorate method is 
not only lower than the cost of platinum in the chloroplatinate method, 
but is much lower than the cost of recovering the platinum. The pre¬ 
cipitate KCIO4, is of constant composition, its solubility in 96% alcohol 
containing 0.2% HCIO4 is almost zero, and the loss by ignition is eliminated. 
The fertilizer chemists 4 of Germany have tested the method and have 
obtained such accurate results that they have placed it on an equal basis 
with the chloroplatinate method by adopting it as an official method. 5 

In this method the sulfates are precipitated in a slightly acid solution. 
This solution of chlorides is then treated with an excess of perchloric acid, 
{1.5 times that required to combine with all bases present), and evaporated 
with constant stirring until white fumes appear. A small amount of water 
is then added and again evaporated with stirring. This is continued 

1 H. B. McDonnel, Bur. Chem , Bull 162, 19 (1912). 

a W. Wense, Z angew Chem , 4, 691 (1891), 5, 233 (1892). 

3 R. Caspari, Ibid , 6, 68 (1893) 

4 Landw. Ver. Sta , 59, 313 (1903), 67, 145 (1907) 

4 Fifth Internal Congr of Appl. Chem , 1, 216 (1903); 4, 940 (1903) 
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until all volatile adds are absent. Hie perchloric add lost by volatilization 
is replaced from time to time. The predpitate (KCIO4) obtained is washed 
with 95% alcohol immediately before drying. 

The author has modified this method as follows: Predpitate the 
sulfates in a strong hydrochloric acid solution, avoiding a large excess of 
barium chloride. Evaporate the resulting solution with only a slight 
excess of perchloric add without stirring. Dissolve the residue and again 
evaporate with perchloric acid. Wash the predpitate only with alcohol 
containing 0.2% perchloric acid before drying. 

The revised method as applied to the determination of potassium in 
water is as follows: Evaporate an aliquot portion of the water to about 
150 cc. Acidify with 10 cc. of concentrated hydrochloric acid and heat to 
boiling. To the boiling solution add drop by drop (avoiding a large 
excess), a 10% solution of barium chloride until all the sulfates are pre- 
dpitated. Boil for fifteen minutes and then filter. If no precipitate 
forms, filtration may be omitted. 

Evaporate the filtrate to dryness. Heat until all the ammonium salts 
are driven off. Dissolve in 20 cc. of hot water and add a quantity of a 
20% solution of perchloric acid, slightly in excess of that required to com¬ 
bine with nearly all bases present. One cc. of perchloric acid is equivalent 
to 90 mg. of potassium (K). Evaporate to dryness. Add 10 cc. of hot 
water and a small amount of perchloric acid. Again evaporate to dryness. 
If white fumes do not appear, take up with 10 cc. of water, add more 
perchloric acid and evaporate to dryness. Repeat until white fumes do- 
appear. Take up with 25 cc. of 96-97% alcohol, containing 0.2% per¬ 
chloric add (1 cc. of 20% HCIO* per 100 cc. of 97-98% alcohol). Break 
up the residue with a stirring rod. Decant the supernatant liquid through 
a Gooch crucible containing a matt that has been washed with 0.2% 
perchloric acid in alcohol. If there is an unusually large precipitate, 
dissolve it in hot water and repeat the evaporation with perchloric add. 
(Large quantities of barium chloride are difficult to change to the per¬ 
chlorate.) Wash once by decantation with 0.2% perchloric acid in 
alcohol, and transfer the predpitate to the crudble. Wash several times 
with 0.2% perchloric add in alcohol. Dry the crucible in an oven a£ 
120-130° for an hour. Remove, cool and weigh. The increase in the 
weight of the crucible is KCIO4. (In using the Gooch crucibles, do not 
disturb the rfiatt after analysis. Dissolve the potassium perchlorate with 
hot water, leaving the matt intact. Using the crudble repeatedly in this 
manner eliminates the errors due to the action of perchloric acid on fresh 
asbestos.) 

If both sodium and potassium are to be determined, obtain the com¬ 
bined chlorides by the usual methods, and estimate the potassium as 
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potassium perchlorate, as described, omitting the precipitation of the 
sulfates with barium chloride. 

It is of advantage to evaporate to dryness with only a slight excess of 
perchloric add, and to repeat the process a second and possibly third 
time, in order to insure the removal of nearly all volatile acids, and in 
order to make stirring while evaporating unnecessary. 

The recommendation of 97% alcohol for washing is due to the solubility 
of potassium perchlorate in alcoholic solutions of perchloric acid containing 
95% or less alcohol. The difference between the efficiency of 97% and 
100% alcohol is immaterial. 

It is undesirable to wash the crucible with ether or alcohol just before 
drying. A slight amount of potassium perchlorate would be dissolved. 
Dry as much as possible with air suction and then dry in an oven. The 
small amount of perchloric acid left in the asbestos will be volatilized 
without causing any error, especially if the same asbestos matt is used 
repeatedly. 

A series of analyses was first made using only potassium chloride. 
(See Table I.) This potassium chloride, the purest of a well-known 
firm, was dried at r8o° for several hours before using. A standard solu¬ 
tion was then prepared and definite amounts measured out with a stand¬ 
ardized pipet. 


Table 1 —Analyses of Solutions Containing only Potassium Chloride. 


No 

Potassium 
added, g 

KCIO, 
obtained, g 

Potassium 
obtained, g 

Error, g 

I 

O 0050 

O OI74 

O 0049 

—O OOOI 

2 

O OlOO 

O 0353 

O OIOO 


3 

O 0150 

O 0530 

O 0150 


4 

O 0200 

O 0701 

O OI98 

—O 0002 

5 

O 0300 

O IO49 

0.0296 

—O OOO4 

6 

0 0350 

O 1241 

O 0350 


7 

0 0500 

O 1769 

O 0499 

—0.0001 


Since the amount of potassium found agreed with the amount taken, 
a second series was analyzed, using comparatively large amounts of sodium 
chloride in addition to the potassium. (See Table II.) 

The variations are small and lie within the limits qf experimental error. 
The largest is —0.9 mg. The average for the fifteen analyses is 0.2 mg. 
less than the theoretical amount. The balance used is not capable of 
weighing less than 0.1 of a mg. The error in percentage, is large with 
small quantities (amounting to as much as 2.0%). Increasing the quan¬ 
tity of potassium decreases the error in percentage. 

An artificial mineralized water was then made by adding the following 
constituents to distilled water: CaCOs, MgCOs, MgCk, NaoCCb, NaCl 
and Na^NOg. The insoluble constituents were dissolved with a small 
amount of hydrochloric acid. Portions of this solution containing 0.1 
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Tabxjs XI.*—Anamtbbs of Solutions Containing Large Quantities op Sodium 


Chloride 

Sodium Error. 


No. 

Potassium 
added, g. 

chloride in 
solution, g. 

KC 10 « 
obtained, g. 

Potassium 
obtained, g. 

O 

%. ” 

X 

o 0050 

O 0500 

0 oi8x 

O 0051 

+0 0001 

+2 O 

2 

O OIOO 

0 1000 

O 0350 

0 0099 

— 0 0001 

-1 O 

3 

O 0200 

0 2000 

O 0712 

0 0201 

+0 0001 

+0 50 

4 

O 0300 

0 3000 

O 1073 

O 0302 

-f 0 0002 

-f-o 66 

5 

O 0400 

O 4000 

O X423 

O 0401 

-f 0 0001 

+0 25 

6 

O 0300 

O 5000 

0 1783 

O 0503 

+0 0003 

+0 60 

7 

O 0600 

0 6000 

0 2129 

0 0600 

0 0000 

0 00 

8 

0 0700 

0 7000 

0 2471 

0 0697 

—0 0003 

—0 40 

9 

O 0800 

0 8000 

O 2830 

0 0799 

— 0 0001 

— 0 11 

xo 

0 IOOO 

0000 

O 3534 

O 0997 

—0 0003 

—0 30 

XX 

0 2000 

0000 

0 7090 

0 2001 

+0 0001 

+0 05 

12 

0 3000 

0000 

1 0626 

0 2999 

— 0 0001 

—0 03 

13 

0 4000 

0000 

1 4171 

0 3999 

-0 (XX) I 

—0 03 

x 4 

0 5000 

0000 

1 7686 

0 4991 

—0 0009 

—0 18 

15 

I 0000 

0000 

3 5438 

I 0000 

0 0000 

0 00 


g. of each substance (CaC 0 8 and MgCOa now being present as CaCl* 
and MgClj, respectively), were measured out. Known amounts of potas¬ 
sium were then added to each portion and determined without removing 
any of the ions. The results are shown in Table III In this series most 
of the errors, although not large, are minus in character. 

Table III —Analyses or Waters or High Mineral Content 

Error 


No 

Potassium 
added, g 

Mineral 
content g 

KCIO 4 
obtained, g 

Potassium 
obtained, g 

G 

% 

I 

0 0500 

O 6000 

O 1757 

0 0496 

—O 0004 

—0 80 

2 

0 1500 

0 6000 

O 5301 

O 1497 

—O 0003 

—0 20 

3 

O 2500 

O 6000 

O 8887 

O 2508 

-f-o 0008 

+0 32 

4 

0 3000 

O 6000 

I 0612 

0 2995 

—0 0005 

—0 17 

5 

0 3500 

O 6000 

I 2378 

0 3493 

—0 0007 

—0 20 


To each of several portions of the same artificial water o.i g. of NaaPO* 
was added, and the potassium determined as above, with results as shown 
in Table IV. 

Table IV —Analyses or Highly Mineralized Water Containing Phosphate 


No 

Potassium 
added, g 

Mineral 
content, g 

KC 104 
obtained, g 

Potassium 
obtained, g 

G 

% 

I 

O 0500 

O 7000 

O 1784 

0 0503 

+0 0003 

-f-o 60 

2 

0 1000 

0 7000 

0 3540 

0 0999 

—0 0001 

—0 10 

3 

O 1500 

O 7000 

O 5323 

O 1502 

+0 0002 

+0 13 

4 

O # 2$0O 

O 7000 

O 8867 

0 2501 

-f 0 0001 

+0 04 

5 

0 3500 

0 7000 

I 2385 

0 3494 

—0 0006 

—0 17 


Though sodium phosphate is insoluble in alcohol, it does not produce 
an error m the determination of potassium (see Table IV). When sodium 
phosphate is evaporated with HC 10 4 the following reaction takes place. 
Na*P 0 4 + 3HC10 4 - 3NaC10 4 + H*P 0 4 
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Sodium perchlorate and phosphoric acid are soluble in alcohol and do not 
cause an error in the determination of potassium. 

The sulfate and ammonium ions were found to produce an error, but the 
error caused by the sulfate was not equivalent to all the sulfate ion that 
was present. It is necessary to remove all of the ammonium salts and 
most of the sulfates. 

S ummar y. 

The method of determining potassium as the perchlorate is accurate. 

Sulfate and ammonium ions produce an error and must be removed. 
The sulfate is precipitated with barium chloride in a strongly acid solution 
avoiding a large excess. The ammonium salts are expelled by heating. 

The phosphate ion does not produce an error and need not be removed. 

The solution containing chlorides should be evaporated to dryness with 
a slight excess of perchloric acid, without stirring. 

The precipitate should be washed only with alcohol containing 0.2% 
perchloric acid. 

The time of making an analysis is short, the manipulations are simple, 
and the cost is almost negligible. 

The method can be recommended for use in water analyses and in other 
analytical work where the content of potassium is desired. 

Illinois Stats Wats* Survey, 

University or Illinois, 

Urbana,- III. 


A NEW METHOD FOR THE PRECISE STANDARDIZATION OF 
HYDROCHLORIC ACID SOLUTIONS. 

By Launcblot W. Andrews. 

Received August 20, 1914. 

When the greatest precision is desired in standardizing a volumetric 
solution, those methods should be avoided, which: (1) involve trans¬ 
ferring or washing a precipitate; (2) depend upon the peculiarities of any 
particular indicator; (3) require the use of standard substances containing 
water of crystallization, or those that may contain impurities difficult 
to detect, i. e., almost all organic compounds, or that can not be positively 
dried without danger of decomposition; (4) demand any peculiarities of 
technique or any exercise of personal judgment that may make it difficult 
for different observers to obtain nearly identical results. 

With these criteria in mind, I have devised and for several years used 
in practice a method, the accuracy of which is only limited by the unavoid¬ 
able errors of weighing. It depends upon the loss of weight caused by 
the replacement of NO* in silver nitrate by Cl. Since hydrochloric acid 
solutions kept in glass vessels, always contain traces of chlorides and of 
other non-volatile impurities derived from the glass, the process must 
be so c o nduc t ed as to avoid error from this source. The method is carried 
out as follows, when the solution to be standardized is 0.2 N: 
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Select two porcelain, or better, silica dishes, of approximately like 
size, form, and weight, of 75 to 100 cc. capacity, each being provided 
with a light watch glass or silica cover, and one of them with a silica or 
glass rod, short enough to lie under the cover. The dish without a rod 
will be referred to as the “companion dish.” In the former, place 1.9 
to 2.0 g. of the purest silver nitrate. The absence of ammonium nitrate 
should be assured. Both dishes are put into an oven at 160°, the tem¬ 
pera ture raised to 240° and kept there till the weight is constant. At this 
temperature no water is retained. After cooling in a desiccator, weigh 
both dishes, covered. Leaving both covers in the balance case, remove 
the dishes. 

By means of a pipet, measure 50 cc. of 0.2 N hydrochloric acid, to be 
standardized, into the dish with the silver nitrate, using, of course, every 
precaution to make the measurement as accurate as possible, and noting 
the temperature of the solution. At the same time, measure 50 cc. of 
the same acid into the companion dish. 

Stir up the silver nitrate until all has dissolved and the silver chloride 
has clotted together, but do not remove the rod from ithe dish. Place 
both dishes in the steam bath at 95-100°, to evaporate the water without 
spattering, and finally dry at the temperature at which the silver nitrate 
was dried Cool in the desiccator and weigh. The increase in the weight 
of the companion dish is assumed to represent the weight'of non-volatile 
impurities contained in the acid, and its amount is subtracted, as a cor- 
reetkm, from the observed weight 6f the silver chloride. Hiis arrange¬ 
ment compensates for changes in the apparent weights due to atmospheric 
changes, so that, in case of very pure hydrochloric acid, the change of 
weight in the companion dish may be negative, a circumstance that need 
cause no apprehension. 

By drying the silver nitrate, and, later, nitrate plus chlorid^, at the 
temperature of incipient fusion of the former, the same results are ob¬ 
tained as at 200° or 240°. 

The normality of the solution is given by the expression: 

N = wr—Wi+Wj—w 
~ 0.02655 V 

in which, 

V « Corrected volume of solution. 

W j* Weight in air of AgNQ» + dish. 

Wi »* Weight in air of AgCl + AgNOs 4 - dish. 
w «* Weight of companion tibh before. » 

w\ *> Weight of companion dish after. > 

In testing experimentally the precision of this standardizing method* 
it was esteemed better to eliminate errors due to volumetric measurement 
of the solution, and to weigh the latter instead. Agreement of the tto* 
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suits among one another will show whether any chlorine escapes Or whether 
any other variable sources of error lie in the chemical reaction itself. 
The results of four such determinations follow. The weight of dish, 
cover and rod was less than 70 g. 

Exp. A Dish -f- AgNOa minus weight after = o 5511 g wi — w — o ooui. 
Wt sol 50 0445 g 

Exp B Dish -f AgNOa minus weight after — o 5316 g wi — w » o 0004 
Wt sol 50 0548 g 

Exp C. Dish 4 * AgNOg minus weight after =• o 53105 g ui -- w - o 0001 
Wt sol 50 0391 g 

Exp D Dish 4 - AgNOa minus weight after ** o 5310 g Wi — w =■ o 00005. 
Wt sol 50 0396 g 

Hence, the loss (corrected by companion dish) is respectively, per 50 
g. of solution taken: in A 0.53063, in B 0.53062, in C 0.53095, in D 0.53054. 
Since the balance was .sensitive to only 0.05 mg. it is evident that errors 
of weighing alone account fully for the surprisingly small variations ob¬ 
served. It is, further, clear that these errors may be diminished if there 
were any object in so doing, by operating with normal instead of 0.2 N 
solutions. The disadvantage that the loss of weight is a smaller quantity 
than the absolute weight of the HC 1 determined, so that all errors are 
multiplied by the factor 1.37, is made unimportant by the gnat accuracy 
of the process in itself. In spite of its precision, the method is not time- 
consuming, as# the evaporations require no oversight. The time spent 
is, practically, only that required by the weighings. Most of this work 
was done in the laboratory of the Andrews Chemical Works, Davenport, 
Iowa. 

Washington, D C 


CORRECTION. 

Correction for article on “The Potential of Silver in NonaqueouS Solu¬ 
tions of Silver Nitrate,” by Vemette L. Gibbons and F. H. Getman, 
which appeared in the August rumber of This Journal, page 1645* The 
last five values in Table X should have been headed Table XT -Solutions 
in Pyridine. 

(Contribution from the Chemical Laboratory of the University of Wa^ii* 

iNgton ] 

BENZOYLATIONS IN ETHER SOLUTION. ’ 

By W&UAV M Z>*Hn an ix Awe* A Bau. * 

Received July 20, 1914 . 

In a former paper 1 it was shown that acetyl chloride reacts in anhydrous 
ether solutions with primary, secondary a^id tertiary bases. The initial 
products were invariably additive products and tnese, by simple splitting 
or by hydrolysis, yieldea the ordinary acetylated products. 

1 This Journal, 34, 1399 (1912) 
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This paper i ncludes analogous studies with benzoyl chlcgride. With 
this, as with acetyl chloride, the hydrochlorides of the original base and 
the acyl chloride additive products of the original bases were precipitated 
as mixtures. These were often contaminated with the original bases or 
with benzoylated bases, when such were insoluble in ether; as in cases of 
the aromatic derivatives benzanilide, benztoluidides, benznaphthalides , 1 
benzphenylhydrazine, etc. The courses of these reactions are indicated 
in the equations: 

(i) BzCl -h'aRNH, —► RBzNH.HCl 5±1 HC 1 + RBzNH 

\ i/ 


(a) BzCl -|- 2R1NH 


\ 


RNH,.HC 1 
RsBzN HC 1 


(3) BzCl + R,N 


RiNH.HCl 
RiBzNCl 




HC 1 + RjBzN 


For the purpose of excluding moisture, the benzoyl chloride was redis¬ 
tilled with proper protection from the atmosphere when 60 g. were trans¬ 
ferred to two liters of anhydrous ether. The latter was siphoned into a 
self-hlHng 100 cc. buret, the flask and buret being supplied with calcium 
chloride tubes. Glass-stoppered, amber-colored bottles of proper size 
were previously dried by lumps of fused calcium chloride. Into these, 
100 cc. of the ether solution, containing 3 g. of benzoyl chloride, were 
run, so that the ether solution was at no time in contact whh atmospheric 
moisture. The stopper of each bottle having been sealed with paraffin, 
the solutions were set aside, to be treated, when desired, with one molecular 
weight of the anhydrous base. If the base was insoluble in ether, it was 
powdered and added directly; contact with the latter solutions was pro¬ 
moted by shaking. 

When it was found that the amber-colored glass of the bottles retarded 
the reactions, the contents of the bottles were transferred to colorless, 
previously desiccated, bottles. In the latter bottles the accelerating in¬ 
fluence of sunlight could be observed. It was found that most of the com¬ 
pounds crystallized on the inner surfaces of the bottles facing the direct 
sunlight. Often the rate of precipitation was retarded when the sides 
of the containers became coated, but further precipitation could be obtained 
either when the precipitate was shaken off or when the liquid was trans¬ 
ferred to another container. 

The precipitates were filtered rapidly, washed with anhydrous ether 
and dried in desiccators. In some cases the additive products were so 
hygroscopic that their melting points and analyses could not be obtained 
without considerable error. In some cases the products were analyzed 
in the containers in which they were formed; in other cases, as with p* 


1 For the complete analysis of a typical mixture see that of a-naphthyiaiotoe. 
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benztoluidide hydrochloride) indirect methods of analysis were resorted to. 

The analyses for halogen were made by the Volhard method. The 
percentages found were equal to: (1) the percentages of chlorine contained 
in the hydrochloride of the original base; (2) some percentage lying be¬ 
tween this and the percentage of the additive compound; (3) the per¬ 
centage contained in the additive compound; and (4) some percentage 
less than the percentage of the additive compound. Thus there were 
indicated: (1) the hydrochloride of the original base; (2) a mixture of this 
with the additive compound and sometimes with the benzoylated base, 

(3) the additive compound; and (4) a mixture of this with a preponderance 
of the benzoylated base. 

The benzoyl chloride additive products of the primary and secondary 
bases were prepared by two methods: (a) as indicated by reactions (1) 
and (2); and (b) by adding hydrogen chloride 1 to anhydrous ether or hydro¬ 
carbon solutions of the benzoylated derivatives indicated in (5) and (6). 
The latter method, of course, yielded pure products; the former method, 
for reasons indicated, yielded mixtures. 

With the additive products of benzoyl chloride as of acetyl chloride, 
spinning motions 2 were produced when the substances were floated on 
water. Since these motions were produced even by mixture.* with low 
percentages of the additive products, such movements invariably served 
as a test for their presence. 

Many of these pentavalent nitrogen derivatives of the bases are unstable 
toward heat and all are extremely unstable toward water. For instance, 
the benzoyl chloride additive product of £~toluidine decomposes in a 
desiccator at 19 0 , in accordance with the reaction: 

(4) CH3QH4.BzNH.HCl —► CH 8 QH 4 .BzNH + HC 1 
Towards water, the benzoyl chloride additive products of the respective 
bases react as follows: 

(5) RBzNH.HCl + H ,0 —► RBzNH + HtO.HCl 

(6) RjBzN.HCl + HjO —► RjBzN + H,O.HCl 

(7) R|BzNCl+H |0 —► R|N + BzOH + HC 1 

r 

Thus it is observed that heat and water yield the same dissociated products. 
On account of their instability toward heat and especially toward water, 
their preparation and handling required correct physical conditions, es¬ 
pecially the rigorous exclusion of moisture. The bases were dried with fused 
potash and usually were distilled over metallic sodium in thoroughly 
desiccated vessels. However, owing to the small molecular weight of water 

1 The best method used for adding the hydrogen chloride was by means of a solu¬ 
tion of it in toluene. The concentration of this was determined by titration, and 
thus equimolecular quantities could be added. 

* Th» Journal, 34* * 4 °° (1912). 
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as compared with that of benzoylated derivatives, even traces of moisture 
often yielded a preponderance of the secondary products. 

The trace of water may react in accordance with Equations $ and 6 
forming hydrochloric add, which in turn may react with the original base, 
forming the salt and freeing the water. Thus a trace of moisture may 
catalytically yield a preponderance of salt of the original base. When 
the speed of reaction is rapid, benzoyl chloride and the base being present 
in equimolecular quantities, this influence may not operate so largely. 
This is seen in cases of piperidine and benzylethylamine; the former, 
precipitating rapidly, yielded 32% and the latter, precipitating slowly, 
yielded 18% of the additive compounds. 

A condition of supersaturation of the ether solution may also intervene, 
thus favoring the kinetic dissociation of the additive product, so as to 
yield a preponderance of salt of the original base. That this influence 
does not operate in cases of the tertiary bases is owing to the absence of 
hydrogen chloride. 

The formation of additive compounds, when benzoyl chloride acts 
upon bases in anhydrous ether, cannot be explained on the basis of ioniza¬ 
tion for the reasons: (1) a non-ionizing medium is used; (2) the speeds of 
reaction vary widely with different bases; (3) sunlight, which is not recog¬ 
nized as an accelerator of ionization, promotes all of the condensations; 
and (4) other phenomena not reconcilable with ionization are observed. 

Of course, it may be maintained that a trace of water promotes the 
ionization of benzoyl chloride and the bases and, indeed, that ether itself 
is an ionizing medium. If either or both of these assumptions are true, 
the speed of reaction should be equal or nearly equal with different bases, 
for the reason that, while the degrees of ionization of the bases differ but 
little, the other factors are constants. However, the various precipitations 
involved times extending from a few seconds to many weeks, hence other 
variables are involved in the different reactions. That the delayed pre¬ 
cipitations were not the results of supersaturation is evident from considera¬ 
tion of the facts that: (1) the precipitations were continuous over the times 
involved, and (2) the precipitations were promoted by direct sunlight. 
It appears, therefore, that the important variables involved in reactions 
of this kind are: (1) the affinity constants of the different bases, and (2) 
the factor of sunlight energy. 

Without involving use of the ionic theory, it may be assumed that the 
respective bases, with different affinity constants, manifest differed 
tendencies to coalesce with benzoyl chloride; this tendency has its baris 
in the residual valencies of the two compounds involved. For instance, 
the bases acted upon are all trivalent but potentially pentavalent; the 
benzoyl chloride contains the unsaturated atoms oxygen and chlorine. 
Therefore, it is possible that the initial reaction is: 
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(8) R*N = + =r CICOQHb ^ R3N == CICOCbHb 

This coalescence may be assumed to be partial and reversible, the direct 
progress dependmg upon the respective affinity constants of the bases 
The molecular compound formed may represent greater ot less tendency 
to undergo molecular rearrangement, as indicated in the equation 

(9) R 3 N == ClCOC 6 H 6 R 3 (COC 6 H 5 )NCl 

and the promotion of this rearrangement may be caused bv the energy 
of sunlight Of course, the weakness of this hypothesis is the non-isola- 
tion of two isomeric additive products, it would seem that among many 
different reaction products of this kind, some of the unstable form (8) 
would be precipitated Since secondary reactions do not occur with the 
tertiary bases, only reactions as gi\en in (8) and (9), it is expected that 
the) are best suited for the study of this problem As a matter of fact, 
these very bases precipitate two crystalline forms, which at first were 
assumed to be the benzoyl chloride and the hvdrogen chloride additive 
products, respectively, of the base vSmcc the hydrogen chloride could 
not be formed, except by hydrolysis of the benzoyl chloride, the absolute 
exclusion of water will eliminate the possibility of formation of the hydro 
chloride This problem will be taken up anew In the twt following 
reactions • 

(10) RNH 2 + BzCl —► RBzNH HC 1 
(n) RBzNH + HC 1 —► RBzNH HC 1 

the end products are the same, hence it may be concluded that the reaction 
will take place with equal ease However, this was found not always 
to be the case For instance, isoamylamine, aniline, o-toluidme and a- 
naphthylamme yielded the additive product with ease, but their respective 
benzoylated derivatives jailed 1 to yield with hydrogen chloride the same addi¬ 
tive products When it is remembered that hydrogen chloride is more 
stable toward heat than benzoyl chJorjde, it may be understood how, in 
accordance with the coalescent hypothesis 
(12) R HiN ™ Cl Bz 

R BzHN * Cl H —► RBzHN HC1 

the benzoyl group and the hydrogen atom attached to chlorine may mani 
fest different tendencies to shift to the nitrogen atom and thus to yield the 
particular additive product Of course, since the hydrogen chloride in 
many cases yields the additive product, the affinity of the tnvalent nitro¬ 
gen molecules must exert different influences on the hydrogen atom at¬ 
tached £q chlorine. Thus both these different affinity constants and the 

1 Equimolecular quantities of benzatmde and hydrogen chloride m toluene yielded 
henramlde hydrochloride Cf Dessaigne* Ann 82, 234 (1852) Pinner and Klein, 
Be* 10, 1897 (187^), 11, 10 (1878) Meyer J prakt Chetn {2] 30, 122 (1841) 
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tendency of (H) and (B z) to dissociate from (Cl) are probably factors of 
the chemical changes* 

Primary Bases. 

Isobutylamine .—When equimolecular quantities of isobutylamine and 
benzoylchloride were brought together in anhydrous ether, an immediate 
heavy precipitate was formed. It contained 28.07% Cl. 

Calculated for CJIfNIfc.HCl: Cl, 29.66%; for C4H».C«H|CONH.HCl: a, 16.60%. 
From these data it was calculated that isobutyl bemantide hydrochloride 
was present as 11.71% of the mixture. Its presence was further indicated 
by the spinning motions produced when the mixture was floated on water. 
After being washed with water, dried and concentrated, the ether solution 
yielded large transparent rectangular plates of isobutylbenzamide 1 
melting at 58° and boiling at 305-308°. Anhydrous ether and xylene 
solutions yielded some oil but no crystalline isobutylbenzamide hydro¬ 
chloride. 

Isoamylamitte .—When equimolecular quantities of isoamylamine and 
benzoyl chloride were brought together in anhydrous ether, pearly flakes, 
softening at 160 °, melting at 201 0 and containing 16.09% of chlorine, 
were obtained. 

Calculated for C4Iu CtH.CONH.Ha: a, 15 56%. Calculated for Q*HuNH*.HCl: 
Cl, 28.69%. 

Since both isoamylamine and isoamylbenzamide 2 are soluble in ether, the 
precipitate contained only isoamylbenzamide hydrochloride . Its presence 
was further indicated by spinning and darting motions produced when the 
substance was floated on water. The ether solution and some of the pre¬ 
cipitate were treated with dilute alkali; the ether solution was separated, 
dried and concentrated. An oil boiling at 310-315° was obtained; evi¬ 
dently it was isoamylbenzamide , C 6 H u .C«H*CONH with hydrogen chlo¬ 
ride in anhydrous ether toluene xylene yielded a liquid hydrochloride. 

Aniline .—An immediate precipitate was formed. It was incompletely 
soluble in water and contained 10.18% of chlorine. 

Calculated for C4kC4I.C0NH.Ha: Cl, 15.18%. Calculated for C4f*NH,.HCl: 
Cl, 27.39%. 

Since the percentage of chlorine was lower than either of these, it contained 
benzanilide.* This was obtained by adding water to some of th^ precipi¬ 
tate—leaflets melting at 161 0 were obtained. That the original precipitate 
contained benzanilide hydrochloride was further indicated by spinning 

1 Wheeler, Am. Chem. J., 23, 142; Titherley, J. Chem . Soc. t 79, 406. 

* Wurtz, Ann., 75, 334; This Journal, 34, 1404 (1912). 

* Wallach and Hoffman, Ann., 184, 80; Qerhardt, Ibid., 60, 3x1; Loaaen, Ibid., 

I7$> 310; Leuckart, J. prakt. Chem., [2] 41,306; Beckman, Bar., 20,1508, 2581; Nageli, 
Bull. sec. chim., [3] n, 893; Schweder, Bar., xa, 1613; Berthelot, Fogh, Ibid., 12,16x3; 
Cohen, J. Chem. Soc., 59, 71; Meyer and Sundmacher, Bar., 32, 2123; Dingliofer, 
dim., 311,153. * 
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motions when it was floated on water. It could,not be prepared by adding 
hydrogen chloride to a toluene solution of pure benzanilide. 

p-Toluidine .—An immediate, voluminous precipitate was formed It 
was incompletely soluble in water and contained 9.35% of chlorine. 

Calc, for CH|C«H4.C«H 4 C0NH.HC1: Cl, 14 32%. Calc, for CtHtHNj.HCI: Cl, 
24.70%. 

The insoluble portion was identified as p-tolylbenzamide, melting at 158°. 
That the original precipitate contained p-tolylbenzamide hydrochloride 
was indicated by the spinning motions. It was prepared in pure form by 
passing hydrogen chloride into a xylene solution of p-toly lbenzamide. 
When isolated it was found to be decomposed even in a desiccator at ordi¬ 
nary temperatures into p-tolylbenzamide 1 and hydrogen chloride. That 
the crystals were the additive compound was proven by the following 
method of analysis: After the crystals were formed in the manner indi¬ 
cated above, the apparatus was aspirated with dry air to remove the ex¬ 
cess of hydrogen chloride. Without exposing the contents of the vessel 
to atmospheric moisture, the xylene was siphoned off and the crystals 
were washed with more dry xylene, which was also siphoned off. More 
xylene was added and also some distilled water. The crystalline com¬ 
pound being hydrolyzed, the hydrogen chloride dissolved in (he water 
and the p-tolylbenzamide dissolved in the xylene. The former was 
estimated by titration with silver nitrate; the latter, by evaporating the 
xylene solution. From these data it was calculated that the crystals con¬ 
tained 14.80% of chlorine. 

Calc, for CtHt.CiH.C 0 NH.HC 1 : Cl, 14.32%. 

Kquimolecular quantities of p-tolylbenzamide and hydrogen chloride 
in toluene did not yield any precipitate of the hydrochloride. 

o-Toluidine .—An immediate precipitate containing 10.47% of chlorine 
was obtained. Since spinning motions were obtained with water and the 
insoluble portion melted at 142 °, the precipitate evidently was a mixture 
of o-toluidine hydrochloride, i tolylbenzamide* and o-tolylbenzamide 
hydrochloride. The last mentioned could not be prepared by passing 
hydrogen chloride into a xylene solution of 0-tolylbenzamide. 

m-Toluidine .—An immediate precipitate, showing spinning motions 
on water and containing 11.00% of chlorine, was obtained. That it was 
a mixture of w-toluidine hydrochloride, w-tolylbenzamide 8 and m-tolyl- 
benzamidehydrochloride is sufficiently evident. 
a-Naphthylamine .—When 3 g. of benzoyl chloride and 3.06 g. of a- 

1 Jaillard, Z . Chem.', 1865, 400; Hiibner, Ann., 208, 310; Wallach, Ibid., J14, 
217; Apitzsch, Ber., 33, 3524. 

* Btichner, Ann., 305, 130, gives melting point at 142-143°; Gudeman, Ber., at, 
2 553* gives melting point at 131°. 

* Just, 19, 983, gives m. p 125°. 
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naphthykmme were brought together in attbydrofc^ ether, An immediate 
voluminous precipitate was formed. It was filtered and the ether solution 
gave, by evaporation, 2.53 g. of a mixture of a-naphthylbenzamide and 
unchanged benzoyl chloride. The precipitate Weighed 3.504 g. and con¬ 
tained 7.84% of chlorine 

Calc for Ci«H 7 NH,HC1 Cl, 1974% Calc for C 10 H 7 C„H*CONH HC1 Cl, 
50% 

Upon adding water to the precipitate, spinning motions indicated the 
presence of the additive compound. The insoluble portion, consisting 
of a-naphthylbenzamide 1 and melting at 156°, weighed 1 942 g., the aque¬ 
ous solution yielded by evaporation (a) r.4577 g of a-naphthylamine 
hydrochloride The difference between the sum of these weights and the 
weight of the original precipitate was 0.1043 K or the hydrogen chloride 
united with a-naphthylbenzamide in the additive compound, and rendered 
free by the action of water on the original precipitate Since this hydrogen 
chloride is equivalent to ( h ) 0.8111 g. of a-naphthylbenzamide hydrochloride , 
the original mixture consisted of- 

Grams Per cent 

(а) CioH 7 NHj HC 1 « 1 4577 4 1 60 

( б ) C10H7 C*Hi,CONH HC 1 o 8 m 23 15 

(f) Ci 0 H 7 CsHtCONH . 1 2352 35 25 

Making use of the fact that the aqueous portion (1 562 g ) contained 18.30% 
of chlorine, it may be calculated that 28.45% of the original precipitate 
was an additive compound. From these two analyses it is concluded that 
the original precipitate contained 23-28% of a-naphthylbenzamide hydro¬ 
chloride. This compound could not be formed by passing hydrogen 
chloride into solutions of a-naphthylbenzamide in alcohol-ether, benzene 
or xylene. 

Pkenylhydrazine. —An immediate, voluminous precipitate, containing 
only 3.17% of chlorine was obtained. 

Calc for C*H>N t H, C*H*COCI Cl, 1427% Calc for C 6 H,N 2 H 8 HC 1 Cl, 
24 53 * c 

With water, the precipitate showed darting'motions and yielded insoluble 
benzoylphenylhydrazine melting at 166 The precipitate was a mixture 
of phenylhydrazine hydrochloride, benzoylphenylhydrazine, 2 and benzoyl- 
phenylhydrtizxne hydrochloride . The last was prepared by passing hydrogen 
chloride into xylene containing benzoylphenylhydrazine When washed 
by decantation with anhydrous ether and preserved in a desiccator, 
fumes of hydrogen chloride and a residue containing little chlorine were 

1 Kbell, Ann , 208, 324, gives m p 165°, Ktihn, Ber , 18, 1477, gives m p 161- 
162°, Hofmann, Ibid, jo, 1798, gives m p. 159-160®; Worms, Ibtd , 15, 1814 

8 The melting point is given at 168 0 Fisher, Ann , 190, 125, Just, Ber , 19, 1203, 
Bamberger, Ibtd , 27, 162, Holleman and Antusch, Rec trav chm , 13, 9423; Bfeid- 
akowski and Slepak, J Russ Phys Chem , 35, 68 
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obtained. Evidently the compound is dissociated at orduiary tempera* 
tures 

Acetamide —Though the solution was kept in the sunlight for most of 
five months, only a little amorphous precipitate, 1 containing 2296% 
of chlorine was obtained 

Calc for CH 3 CONH*. HC1 Cl 37 i2 r ( Calc for C tt HjCO(CHaCO)NH HCI 
Cl 17 77 % 

Urea —The solution very slowly precipitated clusters of transparent, 
thick, hexagonal plates clinging to the sides of the bottle, and containing 
17 91% of chlorine 

Calc for CON H< CJH COC 1 Cl 17 68 r 6 

Ureabenzoylchlortde melts at 209 0 with decomposition and dissolves in 
water with slow motions 

Glycocoll —Aftet ten weeks, amorphous glvcocoll, insoluble in ether, 
was partially replaced by clusters ot transparent, prismatic needles, 
lontaimng 5 76% of chlorine 

Calc for C 2 H 3 0 2 NH, HCI Cl 32 ob r ( Calc for C«H*CO QHjO NH HCI Cl, 
6 45 % 

Since no spinning motions were observed, and no benzoic acid could be 
recovered from the aqueous solution, it is concluded that t e cr)stals 
were glycocoll hydrochloride 2 mixed with unchanged gl>cocoll 

Secondary Bases. 

Diethylamme - An immediate precipitate containing 29 19% of chlorine 
was obtained 

Calc for (C 2 H 6 ) 2 NH HCI 3 Cl 32 Calc for (C*H 6 ) s C.H 6 CON HU Cl 

16 60% 

Since diethylamine 4 is soluble in ether, the peicentage of chlorine indicated 
that the mixture contained 20 14% of diethylbenzamide hydrochloride , 
the presence of this was confirmed by the spinning motions of the mixture 
on water 

Methylamhne —Crystals forrnng quite slowly clinging to the side 
of the bottle and containing 23 03% of chlorine were obtamed 

Calc for C«H 6 CH S C*H 6 CON HCI Cl 1432% Calc for C«H* CH, NH HCI Cl 
-4 70 % 

If phenylmethylbenzamide 6 was not contained in the mixture, 16 09% 
was phenylmethylbenzamide hydrochloride 
1 This Journal 34, 1403 (1912) 

* Curtius and Gobel, J prakt Chem [2] 37, 157 Schabus Jahrsb, 1854, 676, 
Kraut and Hartmann, Ann , 133, 100 

* Wallach, Ann , 214, 275, Behrend Ibid , 222, 119 Pinner Ber 16, 1650 

4 Since diethylbenramide is a liquid boiling at 280-282 0 and is soluble m ether 
it was not a component of the mixture Hallman prepared it in the above indicated 
manner, Ber , 9, 846 Ramburgh, Rtc trev chm , 4, 387 

1 Hepp gives m p 59 0 Ber xo, 329, Hess gives m p 63°, Ibid x8, 685, Wis- 
hcenus and Goldschmidt, Ibid, 33, 1471 
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Piperidine *—An immediate, very hygroscopic precipitate, containing 
24.70% of chlorine, was obtained. 

Calc, for CftHuN.HCl; Cl, 2917%. Calc, for C^iioN.C«H*CO.HCl: Cl, 15 72%. 

If not containing benzoylpiperidine, 1 the mixture was composed of 33% 
of benzoylpiperidine hydrochloride. This was prepared by treating the 
former with hydrogen chloride in anhydrous ether solution. First crystals, 
then an oil, on standing, white, hygroscopic needles containing 16.50% 
of chlorine were obtained, hence nearly pure additive compound was 
obtained. 

Benzylethylamine. —A slow-forming precipitate containing 19.30% of 
chlorine was obtained. 

Calc, for CtHiCHs C*HfcNH.HCl: Cl, 2066%. Calc for C«H,CH* C,H,.- 
C«H»C0N.HC1: Cl, 12.87%. 

The presence of bemylethylbenzamide hydrochloride (17.47%) was indicated 
by the spinning motions of the mixture on water. Bemylethylbenzamide , 
boiling at 218 0 at 29 mm., was prepared. 

Tertiary Bases. 

Triethylamine. —Equimolecular quantities of benzoyl chloride and tri- 
ethylamine gave an immediate precipitate which was increased on standing. 
The crystals softened at 180 0 , melted at 238-240° and contained 15.15% 
of chlorine. 

Calc for (CjH*)*N.HCl Cl, 25 77 %. Calc for (C,H fc ; 3 NC e H,COCl: Cl, 1467%. 

Evidently the substance was a mixture of triethylamine hydrochloride 2 
with triethylaminebenzoylchloride. 

Triamylamine. —The reaction mixture remained in an amber-colored 
bottle for three weeks without yielding a precipitate. After standing for 
five weeks more in a clear-glass bottle, a mass of long needles, melting 
at 117 0 and containing 9.55% of chlorine was obtained. 

Calc, for (C|Hu)$N.C«HiCOCl: Cl, 9 64%. 

These were nearly pure* crystals of triamylaminebenzoylchloride. Upon 
water they gave the characteristic spinning and darting motions. 

Dimethylaniline. —Jn sunlight, transparent, prismatic crystals were 
gradually formed on the sides of the bottle. They were very hygroscopic 
and contained 12.90% of chlorine 

Calc for (CH 8 ),C«H*N.HC1: Q, 22 50%. Calc, for (CH,),C«H,N.CtH»COCl. Cl, 
13 55 % 

1 Schotten, Ber., 17, 2455; ax, 2238, gives m. p. 48°; Cahours, Ann. chim. phys. t 
I3] 3®» 76 

3 Schiff and Idonsacchi, Z. phys. Chem „ 34, 3x6. 

1 “Triisoamylamine Hydrochloride," Hofmann, Ann., 79, 22; Malbot, Ann. chim. 
phys., (6] 13, 504. 
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These crystals were nearly pure 1 dimethylaniline benzoylchlonde. 

Lhethylaniline .—Crystals melting* at 115-120° and containing 14.20% 
of chlorine were obtained. 

Calc for C,H 4 (C,H 5 )iN HC 1 Cl, 1910 Calc for C<Hi(CjHi)iN C«H 6 C 0C1 Cl, 
12 24% 

Dtethylamhne benzoylchlonde was present as 71% of the mixture. 

Anttpynne .—Clusters of transparent needles melting at 138° to a blood- 
red liquid were obtained. The substance contained 11.08% of chlorine. 

Calc for CnHjfNsO C*HiCOCl Cl, 1047% 

Anttpynne benzoylchlonde is very soluble in water. 

Quinoline .—Precipitated slowly, reddish crystals melting att 112-116° 
and containing 16.10% of chlorine. 

Calc for C t H 7 N HC1 Cl, 21 42 Calc, for C»H,N C,H»COCl. a, 13 15% 
Evidently quinoline benzoylchlonde was present as 65% of the mixture. 

Pyridine. —A slow-forming precipitate containing 26.30% of chlorine 
was obtained. 

Calc for C*H,N HC1 Cl, 3069 Calc for C*H*N C«H*COCl Cl, 16 15% 
Pyridine benzoyl chloride was present as 31% of the mixture. 

a-Picoltne .—Star-like clusters of needles containing 17.60% of chlorine 
were obtained. 

Calc for C*H 4 N CH, HC1 Cl, 2737% Calc for C*H4N(CH 6 ) C,H,COCl Cl, 
15 18% 

Picoltne benzoyl chloride was present as 80% of the mixture. 

SKATrut, Wash 
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[SECOND PAPER.] 

BUH. Cons 
Received July 20, 1914 

In a previous paper 4 some experiments were described which indicate 
a very close analogy between the acridyl salts, e. g., salts of diphenyl acridol 
(I), and the salts of triphenylcarbinol and its analogues (II). The analogy 
lay in the character of {he reaction of the respective )ialides with metals. 
Triphenylmethyl chloride and its analogues in solution react with silver 
and other metals to form highly unsaturated free radicals of the type of 
triphenylmethyl. These free radicals absorb oxygen from the air to form 

1 Dimethylauihne hydrochloride melts at 83-85°, Scholl and Escales, Ber , 30, 
3134, Menschutkm, J Russ Phys Chem Ges , 30, 252, Perkins, J Chem Soc, 69, 
1235, Bredig, Ber , 30, 673 

* Diethyl anilme hydrochloride melts at 145 °, Reynolds, J Chem Soc 61, 457, 
This Journal, 34, 1408 (1912) 

* Presented at the spring meeting of the American Chemical Society, Cincinnati 
April, 1914 

4 This Journal, 34, 1695 (1912) 
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peroxides. It was £$iown that diphenylaeridyl chloride and also phenyl* 
AT-methylaqridyl chloride, when shaken in nitrobenzene solution with 
molecular silver, give highly colored solutions which absorb oxygen. It 
was assumed that in these colored solutions free acridyl radicals were 
present. A quantitative study was made of these reactions‘and it was 
found that first silver, and then oxygen enter into the reactions in the 
proportions given in the following equations: 

(a) CaHuNCl + Ag - (CnHigN) - + AgCl 
(b) 2(C 26 H 18 N) — 4* o, - (C*H lt N) — O — O — (Cs&H,gN) 

Neither the unsaturated diphenylacridyl, supposed to be formed in re¬ 
action a, nor its peroxide, supposed to be formed in reaction 6, were at 
that time isolated, but the evidence seemed conclusive that both of these 
compounds were produced. This close analogy between the acridyl 
chlorides and the triarylraethyl chlorides in so important a reaction as 
the formation of free radicals seemed to warrant assigning to the colored 
acridyl chlorides the same type of quinocarbonium structure (IV) as that 
employed for the colored modifications of the more simple triarylmethyl 
chlorides (III). 




It has now been shown that the interpretation of the reaction between 
acridyl chlorides and metals, and then with oxygen as given in equations 
(a) and (6), above, is entirely correct. This has been done by actually 
isolating several unsaturated radicals and their peroxides. The free rad¬ 
icals as obtained are dark 1 brownish red, beautifully crystalline compounds, 
which in solution absorb oxygen from the atmosphere rapidly to form color¬ 
less peroxides. They will also combine directly with halogens to form the 
corresponding halide salts. The method which has been found most 
satisfactory foj the preparation of these free radicals is to shake a watery 
solution of some salt, preferably the sulfate, with zinc dust. The zinc 
immediately becomes covered with a dark red coating of the free radical, 
and if enough zinc has been added the highly colored sulfate solution 
is completely decolorized. The colorless watery solution of zinc sulfate 
can then be decanted from the zinc and free radical. On addition of benz¬ 
ene to the moist slime the free radical is dissolved, forming a dark red 
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solution and the excess of zinc appears again in its normal color. The 
dark red benzene solution is very sensitive to oxidation*. If ’it is shaken 
a moment in contact with air all of the dark red color disappears and theTe 
remains only a pale yellow or brown coloration. From this decolorized 
solution colorless peroxide soon begins to separate out. In some cases 
the peroxide is soluble enough in benzene so that it can be recovered only 
by evaporation of the solvent. 

The feature which distinguishes the preparation of free acridyl radicals 
from the preparation of other triarylmethyls is the use of watery solutions 
of the acridyl salts instead of benzene solutions as in the other cases. This 
difference is rendered necessary by the complete insolubility of most acridyl 
salts in inert organic solvents, and by the non-solubility of the ordinary 
triarylmethyl chlorides in water. It seems hardly possible that these 
two classes of salts could all react so completely alike in such a characteristic 
reaction and yet belong, as is generally supposed, to distinctly different 
types of compounds, that is, to the quinocarbonium type for the colored 
forms of the triarylmethyl salts (III) and to the ammonium type for the 
acridyl salts (V). 



In the absence of any direct experimental evidence that the acridyl salts 
are really of the ammonium type it seems simpler to assume that they are 
quinocarbonium in structure (IV) and that the formation of the free rad¬ 
icals consists simply in the removal of the acid radical by a metal. The 
intensely colored acridyl radicals are certainly analogues of triphenyl- 
methyl. But triphenylmethyl, in solution at least, is not one single sub¬ 
stance but is a mixture of substances in equilibrium with each other prob¬ 
ably as expressed in the following equation: 1 



The right-hand side of this equation is the predominant one in the case 


1 Gomberg, This Journal, 36, 116* (1914); Schmidlin, “Das Triphenylmethyl,'’ 
P- 213. 
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of triphenylmethyl. The reverse is true for the acridyl radicals, the left- 
hand or monomolecular side being pr es en t in their solutions almost to 
the exclusion of the other. Of the two monomolecular forms, the upper 
benzoid, colorless form and the lower quinoid, colored form, the quinoid 
is probably the predominant one because of the intense color of the radicals 
and their solutions. 

Experimental. 

Diphenylacridol (/).—This compound has been prepared by Ullmann 1 
and his method has in the main been followed. A few modifications of 
his method have increased the certainty of good results in carrying out 
the preparation according to Ullmann. Commercial anthranilic acid is 
converted by the method of Goldberg into diphenylanthranilic acid and 
this is then changed to iV-phenylacridon by means of sulfuric acid. The 
N-phenylacridon is converted into diphenylacridol by means of phenyl 
magnesium bromide. This reaction is described in detail because Ull- 
raaan’s procedure is varied considerably. The powdered acridon is added 
in small portions to a 10% excess of phenylmagnesium bromide dissolved 
in rather a large quantity of ether (one-twentieth mol in about 150 cc.). 
After a considerable portion of the acridon has been added, an oil begins 
to separate from the ethereal solution. Without making any further addi¬ 
tions of acridon, the ether is now boiled till the oil turns to a yellow solid 
which can easily be powdered by means of a glass rod. The rest of the 
acridon is then gradually added, with boiling and shaking after each addi¬ 
tion. After all of the acridon has been added the reaction mixture is 
boiled about two hours. The yellow powder in the bottom of the flask 
is frequently stirred in order to give the very insoluble acridon every op¬ 
portunity to enter into reaction. The ether is distilled off, ice and hydro- 
•chloric add are added to the residue and the resulting mixture is steam- 
distilled to remove benzene and bromobenzene. All but a small portion 
of the residue will dissolve in dilute add. To the filtered, cold add solution, 
which contains diphenylacridyl chloride, sodium hydroxide is then added 
till the liquid is deddedly alkaline. Diphenyl acridol and magnesium 
hydroxide separate out together. The predpitate is filtered, washed a 
little with approximately normal sodium hydroxide solution and dried 
in a steam or electric oven to avoid add fumes. Although the acridol 
could be predpitated free from magnesium hydroxide by means of am¬ 
monium hydroxide, the use of this reagent is not advisable, for then an 
amino derivative is formed from which it is difficult to free the acridol. 1 
The sodium hydroxide is left in the cake of predpitate to keep the acridol 
from taking up add from the air during drying. The dried cake is broken 
up and extracted in a Landsiedl extractor with benzene The benzene 
1 Ber , 40, 2520 (1967) 

1 Vttliger, Ibid , 45, 2910 (1912) 
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solution is concentrated and the acridol thrown out of solution by the 
addition of petroleum ether. It can thus be obtained in pure white, crys¬ 
talline leaflets which melt, as Ullmann gives, at 178° The yield is 85 
to 90% of the theory as calculated from the acridon 

Diphenylacridyl Chloride (IV ).—A method of preparation of diphenyl- 
acridyl chloride has been already described, 1 but a simpler method of ob¬ 
taining it has now been found. From a solution of the acridol in chloro¬ 
form the chloride hydrochloride, CmHisNCI.HCI, is prepared by means 
of acetyl chloride and hydrochloric add gas as directed in the previous 
paper The yellow crystalline chloride hydrochloride is filtered out, 
redissolved in chloroform and an excess of pure, dry calcium carbonate 
is added. The mixture is shaken for some minutes. The mplecule of 
hydrochloric acid in the hydrochloride is quickly removed to form calcium 
chloride and acridyl chloride remains in solution. On concentration of 
the chloroform solution and gradual addition of petroleum ether, the chlo¬ 
ride crv stallizes out perfectly pure as glittering yellow plates. 

Fh phenylacndyl t 



C # H, C,H, 


The action of various metals upon diphenylacridyl chloride dissolved 
or suspended in different solvents has been tried repeatedly. The metals 
which were most frequently tested were silver and mercury. Every at¬ 
tempt to bring about a reaction between these metals and watery solutions 
of the chloride failed. It was then found, as reported in the last paper, 
that the chloride dissolved in nitrobenzene reacts with silver, and that 
by long shaking the reaction can be brought to completion according to 
Equation a on page 2102 Finally it was found that warm, watery solu¬ 
tions of diphenylacridyl chloride are rapidly decolorized by zinc dust and 
that the product formed is not colorless diphenylacridane as might bfe 
expected but is a brownish red unsaturated compound, diphenylacridyl. 
Granulated zinc reacts slightly but the surface becomes rapidly coated 
over with a thin copper-like film of the free radical and further progress 
of the reaction ceases Zinc dust seems to be an ideal reagent because 
of its very large surface Even this large surface becomes quickly coated 
over by the free radical which is completely insoluble in water, and the 
1 This Journal, 34, 1699 1,1912) 



'2106 


tl B. COBB. 


Reaction stops unless a great excess of zinc dust (thirty to forty times the 
theoretical amount) has been used If a fairly concentrated solution of 
the chloride is used, its reaction with zinc dust will go rapidly to completion 
only in hot water. In cold water the reaction starts but the zinc chloride 
formed unites with still unchanged acridyl chloride to form a rather in¬ 
soluble double salt and this decreases the rate of the reaction. When 
the sulfate is used in place of the chloride no double salt is formed and so 
the reaction is very rapid. 

Qualitatively, the reaction can be carried out in a test tube in the most 
simple manner. In fact, as a lecture room experiment to demonstrate 
the existence of free radicals and their properties the preparation of di- 
phenylacridyl leaves nothing to be desired in the way of simplicity and 
certainty. About i g. of diphenylacridol is suspended in 25 cc. of water 
and approximately twice the amount of sulfuric acid necessary to make 
the normal sulfate is added. The suspension of the acridol is warmed 
on the steam bath with stirring till the solid has largely dissolved. To 
the filtered, clear yellow solution sodium hydroxide solution is cautiously 
added, drop by drop, till a small permanent precipitate of acridol is formed. 
To this normal sulfate solution 10 g. of zinc dust are added and the mixture 
is shaken vigorously. The reaction is complete in a fraction of a minute. 
The dark red slime of zinc dust and free radical settles quickly and the 
perfectly colorless watery layer can be poured off. The free radical does 
not oxidize rapidly while in the solid state and wet with water so no special 
precautions are necessary up to this point to prevent oxidation. The 
test tube containing the slime is now filled completely with benzene, closed 
tightly with the thumb and inverted several times. The dark red benzene 
solution of the free radical is then poured slowly out into a beaker. The 
solution decolorizes immediately to a pale yellow or brown. After fifteen 
or twenty minutes’ standing in the open the decolorized solution becomes 
turbid from the separation of peroxide. Thorough decolorization of the 
benzene solution will take place only if pure diphenylacridol was used 
in the experiment. 

To isolate the solid crystalline diphenylaeridyl considerable care is * 
necessary. The apparatus which has given best results in isolating the 
compound is the one which has been used in this laboratory for the prep¬ 
aration of solid triphenylmethyl. This has been illustrated and described 
in detail in Btrtchte der deutschen chemischen Gesellschajt, 37, 2034. Two 
similar pieces of this apparatus as described there are necessary. A watery 
solution of the sulfate, 4 to 5 g. prepared as already described above, is 
poured into one apparatus. The air is displaced by carbon dioxide, and 
zinc dust, 15 to'20 g. slimed up with water, is added to the acridyl sulfate 
solution. The reaction is quickly completed by shaking. The colorless 
watery layer is forced out of the apparatus by means of carbon dioxide. 
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Warm benzene is poured in and the free radical dissolved. The colored 
benzene solution is decanted from the wet zinc slime over into the second 
apparatus, passing at the same time through a filter cartridge filled with 
calcium chloride but without exposing the solution to the air The benzene 
solution is then concentrated under reduced pressure till crystallization 
bt gins. A volume of petroleum ether, about equal to the benzene solu¬ 
tion remaining, is added, the apparatus is filled with carbon dioxide and 
put m a cool place. Crystallization is complete in relatively short time. 
Tla mother liquor is decanted off from the crystals and they are washed 
v\ ith low boiling petroleum ether and dried under reduced pressure. About 
2 g of the crystalline product can thus be obtained from 4 g. of the acridol. 

I he melting point of dipbenylacridyl is unsharp , about 185-190°, 
soitening below that temperature For combustions and molecular weight 
dt terminations the diphenylacridyl was dried in a partial vacuum at 
80 90° in a slow stream of carbon dioxide. It was necessary to mix the 
substance with a large quantity of copper oxide in the combustion tube 
in order to get good results as otherwise it was almost impossible to avoid 
too rapid decomposition. 

Calc for CmHisN C, 90 32, H, 5 46, found C, 90 17, H, 5 65 
Molecular weight determinations were made bv the boiling point method 
in both benzene and chloroform solutions. 



s grams 

S grams 

d 

Mol wt 

Benzene I 

0 2 71 

7 45 

0 28° 

347 

IT 

O 201 

7 45 

0 19° 

375 

Chloroform I 

O 277 

22 08 

0 13° 

34» 

II 

0 494 

22 08 

0 23 0 

350 


Calculated for C«HigN = 332 


These determinations show conclusively that under the conditions of the 
experiments above diphenylacridyl is, largely at least, in the monomolecular 
state. The results are all slightly higher than the calculated value (332), 
so there may be some indication of slight association, but boiling point 
determinations are not accurate enough to warrant any quantitative 
statement as to the amount of this association. 

Diphenylacridyl dissolved in benzene unites instantly with chlorine 
to form yellow diphenylacridyl chloride. It also dissolves slowly in hydro¬ 
chloric acid to form the chloride. 

Preparation of Diphenylacridyl by Electrolysis of its Salts ,—The free 
radical can be prepared readily by electrolysis. In this method of prep¬ 
aration it is best to use a solution of the neutral sulfate in the absence of 
all other salts. Finely powdered diphenylacridol is warmed and stirred 
several hours with less than the necessary amount of sulfuric add to dis¬ 
solve it all. The excess of diphenylacridol is filtered off. The sulfate 
solution is electrolyzed in a wide test tube with a platinum wire sealed 
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through the bottom. Mercury, to serve as cathode, is added till the plat¬ 
inum wire is covered. The anode is a piece of platinum foil which is 
suspended in a tube of about i cm. diameter. To prevent free mixing of 
the anode and cathode liquid, the bottom of the anode tube is covered with 
a double layer of filter paper. The anode tube is set into the large test 
tube so that the filter paper comes above the mercury. Solid diphenyl- 
acridol is added to the liquid in the anode tube for the purpose of combin¬ 
ing with acid which is produced there during the electrolysis. The test 
tube can readily be kept filled with carbon dioxide. 8-10 volts is sufficient 
for electrolysis. On closing the circuit the ammeter will jump to perhaps 
half an ampere, and then immediately fall back to practically zero. At 
the same time a copper-like film of diphenylacridyl appears over the sur¬ 
face of the mercury. By agitating the surface of the mercury the di¬ 
phenylacridyl breaks away from the mercury in thin scales that float 
upward in the liquid. The current passing through the solution varies 
according to the extent of the mercury surface which is free from diphenyl¬ 
acridyl at any time. On account of the high molecular weight of the free 
radical, its quantity increases rapidly even though the average current is 
small. As thus prepared the product appears to be beautifully crystalline, 
but its appearance is deceptive. It is a mass of fine, irregular scales not 
unlike shellac. By means of suitable apparatus the diphenylacridyl can 
be separated from the watery sulfate solution and recrystallized from benz¬ 
ene and petroleum ether in the absence of air. This method of prepara¬ 
tion is not so satisfactory as the one in which zinc dust is used. 

Both the zinc dust method and the electrolytic method of preparation 
of diphenylacridyl serve to emphasize the metal-like character of the free 
radical. The salts of diphenylacridyl in watery solution are highly ionized 
like the salts of sodium or potassium. The precipitation of the free rad¬ 
ical from such a solution by means of zinc dust or electrolysis is exactly 
like the precipitation of copper from its salts by the same methods. In 
thin films the free radical appears lustrous ^Sf^ like a metal. Like the 
metals, it dissolves in acids to form skits which are water-soluble. The 
property of electrical conductivity so characteristic of metals is, however, 
apparently not possessed bj^ttphenylacridyl in the solid state. 

Many attempts have Seen made in the past to isolate metal like free 
radicals. The nearest approach to success in this direction has come in the 
cases of ammofiium, methylammonium and tetramethylammonium amal¬ 
gams. 1 A comparison of the properties of these amalgams with those 
of diphenylacridyl shows no such resemblances as exist between the 
latter compound^ and the triarylmethyls, so there can be no hesitation in 
classifying diphenylacridyl as other than an ammonium radical. The 
fact, however, that such a radical as diphenylacridyl with so many metallic 
1 McCoy and Moore, This Journal, 33, 277 (1911). 
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properties has been prepared, gives reason to believe that free ammonium 
radicals may yet be isolated and that some of them may be found to be 
relatively stable compounds. 

Diphenylacridylperoxide .—This peroxide is obtained in good yield by 
exposing a benzene solution of diphenylacridyl to the air and then allowing 
nearly all of the benzene to evaporate at room temperature. Ether is 
added to the small residue of benzene, the peroxide is filtered out and 
washed with more ether. To further purify the still pink peroxide it is 
recrystallized from carbon disulfide. This is best done by extracting the 
fine powder in a Landsiedl extractor. It is exceedingly difficult to re¬ 
crystallize the peroxide in the ordinary manner, i. e., by heating a suspen¬ 
sion of the solid and then filtering off the undissolved portion, because 
so very little goes into solution. In the extraction apparatus, however, 
as much as 1 g. can be dissolved in 100 cc of boiling carbon disulfide 
if the extraction is continued two or three hours. On cooling the hot 
solution from the extractor the peroxide crystallizes out in finejprisms. 
This crystalline peroxide is pale yellow. It begins to darken at about 
190° and melts between 204° and 207° according to the rate of heating. 
With a moderate rate of heating it will generally melt at 204 °. 

Calc for CmHmNsOs C, 86 17; H, 5 22; found 86 16, 85 60 and 5 16, 5 n 
On treating the peroxide with mineral acids it goes slowly into solution 
to form the corresponding acridyl salts. 

Diphenylacridane .—It might be expected when a watery solution of 
diphenylacridyl chloride is treated with zinc dust that in addition to the 
free radical some diphenylacridane would be formed. 

CttHjgNCl + Zn + HC 1 * C«H 18 NH + ZnCl* 
the acid necessary for the reaction coming from slight hydrolysis of the 
chloride; 

C»H 18 NC 1 + H a O - CuHuNOH + HC 1 . 

The formation of diphenylacridane is, however, only a minor reaction. 
The major part of the acridyl salt simply gives up its acid radical and forms 
the free acridyl radical. Out of the reaction between 4 g. of the acridyl 
sulfate and zinc dust, only about 0.1 g. of the acridane has been isolated. 
The diphenylacridane is very soluble in benzene so it will be found in the 
benzene-petroleum ether mother liquors from which the free radical di¬ 
phenylacridyl has been crystallized. These mother liquors are allowed 
to evaporate to dryness and the dark residue extracted with hot ligroin, 
boiling between 80 0 and 90 °. The residue remaining after evaporating 
the ligroin is treated with a small amount of alcohol acidulated with hydro¬ 
chloric acid to remove acridol and peroxide. The insoluble portion, after 
cooling the alcohol, is diphenylacridane. This is recrystallized from li¬ 
groin, from which it separates as almost perfect cubes with a high re- 
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fractive index, melting point 175 °. On standing in the air, the crystals 
assume a slight yellow tinge. 

Diphenylacridane can also be prepared by adding zinc dust to a boiling 
solution of diphenylacridol in acetic add. The free radical, diphenyl- 
acridyl, is formed as an intermediate product, as is shown by the instan¬ 
taneous production of a deep red color on adding the zinc dust. If the 
boiling is continued for some time with the occasional addition of zinc dust 
to the acid solution, the red color will be gradually discharged to a pale 
yellow. On pouring the acetic add solution into water acidulated with 
hydrochloric acid, the diphenylacridane precipitates as colorless flakes. 
These, on drying and recrystallizing from ligroin, show the same properties 
as given above. 

Calc for CuH^N* C, 9004; H, 5 75; found* 89 75 and 600 
Molecular weight: Calculated, 333; found: 331 in boiling chloroform 

Analogues of Diphenylacridyl .—The following analogues of diphenyl- 
acridbl have been prepared and from them, salts, free radicals and peroxides, 
have been obtained. p-chlorophenyl- 7 V-phenylacridol, p -methoxypheny 1 - 
AT-phenvlacridol, 2,4-dimethoxyphenyl-iV-phenylacridol, phenyl-AT-methyl 
aeridol, pheny 1-iY-ethylacridol. So far as studied, the salts of all of these 
acridols behave essentially as do the salts of diphenylacridol. In each 
case the watery solutions of the salts give a free, dark brownish red radical 
with zinc dust. All of these free radicals are soluble in benzene and in 
Solution are readily oxidized to form peroxides. The salts having ali¬ 
phatic radicals attached to the nitrogen atom tend to yield more of the 
acridane and less of the free radical than the aryl nitrogen acridyl salts. 
The free radicals and the peroxides obtained above will be described in 
the next paper. 

Ann Arbor, Mich 

THE PREPARATION OF RAFFINOSE. 

Bv C. 6 . Hudson juiu T. 8. HAtyMNO.i 
4»W« 4. 1914. 

In the course of an investigation on the hydrolysis of raffinose by en¬ 
zymes, it became necessary to prepare several kilograms of the sugar. 
A method which was devised for the purpose has proved materially prefer¬ 
able to the procedures recorded in the literature and its description may 
be useful to thpse requiring a supply of raffinose. 

Selection of the Best Natural Source for Raffinose. 

It is recorded that crystalline raffinose has been isolated from Australian 

1 Contribution from the Carbohydrate Laboratory, Bureau of Chemistry, De¬ 
partment of Agriculture. 
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eucalyptus manna, 1 cottonseed, 2 beet molasses, 9 barley, 4 wheat, 9 and the 
leaves of the yew 6 (Taxus baccaia L.). The crystallization of raffinose 
from eucalyptus manna appears to have been readily accomplished, and 
with as high a yield as 60%, but we are informed by correspondents in 
Australia 7 that the manna is difficult to obtain in quantity. Beet molasses, 
barley, and wheat, though easily obtained, contain considerable quantities 
of sugars other than raffinose and in consequence its crystallization from 
these sources is difficult and the yield small. The yield of raffinose from 
the leaves of the yew appears to be very small. On the other hand, 
cottonseed is a very satisfactory source because it is readily obtained, is 
inexpensive, contains several per cent, of raffinose and does not contain other 
sugars or interfering substances in sufficient proportion to prevent a rapid 
crystallization of the raffinose from the purified and concentrated extract 
of the seed. Upon inquiry of manufacturers, we learn that most of the 
raffinose which is prepared for the chemical market is made from this 
natural source. 

Cottonseed can best be used for this preparation in the form of cotton¬ 
seed meal, which is the ground press cake that remains after the oil has 
been expressed from the hulled seed. Cottonseed meal is extensively 
used as a cattle food and fertilizer and may be purchased from feed mer¬ 
chants. 

Methods of Ritthausen and of Zitkowski for Preparing Raffinose from 

Cottonseed Meal. 

Ritthausen was able to obtain a yield of from i to 2 5% of crystalline 
raffinose from cottonseed meal by extracting the latter with warm 80% 
alcohol, evaporating the solvent, extracting coloring matter and oil from 
the residue with ether, precipitating impurities from the aqueous solution 
of the residue with lead acetate, removing the excess lead as sulfide, and 
concentrating the solution to a syrup, which crystallized on keeping at 
about zero during one or two week*?. When this process is carried out on 
a large laboratory scale, it has been our experience that it is expensive 
and inconvenient, on account of the extractions with alcohol and ether. 
The yield is also unsatisfactory because cottonseed meal contains on the 
average 6-8% of raffinose, judging from the polarimetric reading of the 
extract. 

1 Johnston, PM Mag , 23, 14 (1843), Berthelot, Ann chtnt phys, 46, 66 (1856), 
Tollens, Ber, 18, 2611 (1885), Passmore, Pham J Trans , afy 717 (1890) 

* Ritthausen, J prakt Chem , 29, 391 (1884), Bdhn, Archw^pkarm, U] 22, 159 
(1884) 

J Loiseau, Compt rend , 82, 1058 (1876). 

4 O’Sullivan, J Chem Sot., 49, 70 (1886). 

4 Schulze and Frankfurt, Ber., 27, 64 (1894) 

• H6rissey and Lefebvre, J pharm Chim , [6] 26, 56 (1907) 

7 Anderson & Co, Ltd , Seedsmen, of Sydney, New South Stales 
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Zitkowski 1 has prepared raffinose train cottonseed meal by extracting 
the latter with water, pressing the extract from the meal, making it alkaline 
with lime and filtering, precipitating the raffinose at a low temperature in 
a special cooling and stirring apparatus with powdered lime, and re¬ 
generating the raffinose from its insoluble lime compound by carbonating. 
After evaporation to a syrup, there slowly crystallized at a low temperature 
about o.8% of raffinose. Although this method avoids extractions with 
alcohol or ether, the yield is very low, and in repeating the process, it has 
been our experience that it is difficult to carry out, though we succeeded 
in obtaining a yield of about i% of low grade raffinose. 

An Improved Method for Crystallizing Raffinose from Cottonseed Meal. 

The following is a description of a procedure by which we have prepared, 
in the laboratory at different times, about 5 kilograms of raffinose from 
various samples of commercial cottonseed meal with a yield of 2.5 to 4%. 

One kilo of meal is mixed with 5 liters of tap water and filtered with 
suction on a large BUchner funnel as quickly as possible, because a delay 
of fifteen minutes or more may cause the meal to become too slimy for 
filtration. The sugar contained in the meal dissolves very readily in cold 
water and the meal may be washed on the funnel with cold water until 
the filtrate shows no optical rotation. To the combined filtrates there is 
added the usual basic lead acetate solution 8 in slight excess, which requires 
about 1 cc. for each 5 g. of meal. The yellow lead precipitate is removed 
by slow filtration over night through paper* and is washed in the morning, 
after transference to a Bfichner funnel, until the washings show no rotation. 
The combined filtrates should be brilliantly clear and of a light yellow 
color. The excess of lead is next removed as lead sulfide, after saturating 
with hydrogen sulfide gas. It will be found that the filtrate is slightly 
add and is colorless, but regains its yellow tint if made alkaline, showing 
that the color is due to a natural indicator. A measurement of the optical 
rotation and volume of the solution at this stage will indicate the presence 
of about 80 g. of raffinose (anhydrous CisHnOu, specific rotation [cr] D * 
+133), on the assumption that the rotation is due only to raffinose. In 
support of this assumption, it may be said that reducing sugars are present 
only in traces and no sugar except raffinose has so far been detected. 
There is then added to the solution about 0.2 g. of sodium hydrosulfite 4 
to prevent development of color and it is boiled under reduced pressure 
in glass to a syrup of about 25% water content, which should have no 
more than a slight yellowish color. 

1 “American Sugar Industry," Sept, 1910, page 324. 

3 Prepared, for example, according to the directions In U. S. Dept. Agr , Bur Chem , 
Bull Z07, p 40, or Browne, "Handbook of Sugar Analysis," p. 208. 

1 In working with large quantities, it would probably be advantageous to use a 
bag filter 

4 See Browne, "Handbook of Sugar Analysis," p. 321. 
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It has proved very advantageous at this stage to follow a modification 
of the procedure of Gunning 1 in the preparation of barium raffinosate. 
Barium hydroxide is added to the syrup in the proportion of 2 g. of the 
octahydrate to each gram of raffinose and the solution is completed by 
warming to not over 80 0 for a few minutes, fifteen usually being sufficient. 
The mixture is gradually poured into one and a half times its volume of 
anhydrous methyl alcohol 8 contained in a large mortar, and the barium 
raffinosate, which precipitates as a granular compound, is ground to a 
fine powder, filtered off, and washed with methyl alcohol. Ethyl alcohol 
(95%) has been successfully used in place of methyl for the precipitation 
of this compound but it comes down more quickly and cleanly and is more 
readily decomposed later if methyl alcohol is used. The barium com¬ 
pound is suspended in about 1500 cc. of distilled water and decomposed 
by the gradual addition of 50% phosphoric acid solution, care being taken 
to reach exact neutrality at the end of the process. The voluminous 
precipitate of barium phosphate is filtered off with suction and is thor¬ 
oughly washed until the filtrate has no rotation. The solution should be 
of a light yellowish brown color at this stage. Since the barium phosphate 
is slightly soluble, it has been found necessary to precipitate the last traces 
of barium with sulfuric acid and filter. A redetermination of the volume 
and optical rotation of the solution at this stage will show the extent to 
which the raffinose has been recovered from the barium compound. With 
ordinary precautions, the yield is 95% of the theoretical but yields of 
98-99% are not unusual. Fifty grams of eponite 3 are mixed with the 
solution and the latter is filtered in a few minutes, since little advantage 
results from long standing or heating. The filtrate is still yellow in color, 
which, however, does not interfere with subsequent crystallization. The 
solution is next boiled in vacuo to a light straw colored syrup of about 
20 to 25%. water content and there is added just to saturation 95% ethyl 
alcohol, containing 0.3% nitric acid, about 10 to 15 cc. being usually re¬ 
quired. This acidification of the alcohol has proved useful for the purpose 
of avoiding high ash content in the crystalline raffinose. The mixture is 
then seeded with crystals of raffinose hydrate and set away at o° to crystal¬ 
lize over night. In the morning the solid mass of crystals is ground with 
75% ethyl alcohol in a mortar, filtered off with suction, and washed with 
the same strength alcohol until the washings are colorless. The yield is 
about 40 g. of colorless raffinose crystals, and it may be increased 10 g. 
by working over the mother liquor a second time through the barium 
hydroxide purification. The chief impurity in this raffinose is an ash 

1 Bull, dt l'association Beige de chim., 4, 318 (1890). 

8 A commercial anhydrous grade which may be purchased for about eighty cents 
per gallon. 

* A recently introduced vegetable carbon of high purifying power which may be 
purchased of dealers in chemical supplies. 
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content of 0.5 to 1% which may be removed by recrystallization. For 
this purpose a 50% aqueous solution of the crystals is prepared, filtered, 
and to it is added the previously mentioned acidified alcohol, nearly to 
cloudiness, and the solution stirred. Crystallization of raffinose hydrate 
is rapid at room temperature and the crystals, which may be washed 
first with 75% and later with 95% alcohol, contain less than 0.05% ash, 
give a specific rotation of 123.2 0 (anhydrous sugar) in 10% aqueous solu¬ 
tion at 20 0 , and the yield is about 2.5% of the weight of the original 
meal. A further crystallization of 0.5% of equally pure raffinose may 
be obtained by cooling the mother liquor to zero. 

Bureau of Chemistry, 

Department of Aoriculturb, 

Washington, D. C. 

(Contribution brow the Laboratory or Agricultural Chemistry op the Uni¬ 
versity op Wisconsin. ] 

THE OCCURRENCE OF METHYL ALCOHOL IN CORN SILAGE. 

By E. B. Hart and A. R. Lamb 
Received August 4, 1914. 

In 1912, Hart and Willaman published a paper on the volatile fatty 
acids and alcohols of corn silage. 1 From the data secured in the separation 
of the alcohols by the Duclaux method, it was concluded that com silage 
contains, besides ethyl and propyl alcohols, a small amount of methyl 
alcohol. The quantity found may be approximately expressed as 0.05% 
of the silage mass, or about 20 g. in 100 pounds of silage. 

In the same year there appeared a paper by Dox and Neidig,* in which 
the main conclusions of Hart and Willaman were substantiated, but 
which did not agree on the presence of methyl alcohol. The question of 
the occurrence of methyl alcohol in com silage is therefore taken up in 
this paper. 

Experimental Part 

There are numerous methods in the literature, of varying degrees of 
reliability, for the detection of methyl in the presence of ethyl alcohol. 
Many of these were tested with various known mixtures of alcohols, and 
only those which appeared always to be trustworthy were used. Of these, 
the Trillat test,* and the resorcin test, as modified by Scudder, 4 seemed 
to be mo9t reliable. The gallic acid test, 5 the morphine test,® the phenol 
test, 7 the Haigh phloroglucin test, which is discussed by Scudder, 8 and 

1 This Journal, 34, 1619 (1912). 

1 Research Bull. 7, Iowa Expt. Sta. 

3 Bull. 107, Bureau-of Chem., p. -99. 

4 This Journal, 27, 892. 

1 Ann. de Chirn. analyt . appl., 4, 136 (1899). 

• Hinkel, Analyst , 33, 417. 

7 Leach, “Food Inspection and Analysis/’ 2d ed., p. 820. 

* Loc. cit. 
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the Sangl£-Ferri£re-Cutaiasse test, as modified by Scudder and Riggs, 1 
were used as confirmatory tests. A number of the most trustworthy 
tests for methyl alcohol have been thoroughly tried out by Scudder,* 
and his conclusions as to the reliability of the tests and proper conditions 
for their use have been substantiated in this work. 

The following method was used in demonstrating the presence of methyl 
alcohol in normal corn silage: About 300-400 g. of silage were com¬ 
minuted in a food grinder, suspended in water, and distilled with steam. 
The first sample was distilled at atmospheric pressure, but the later ones 
were distilled under reduced pressure at from 30-40 mm., to eliminate the 
possibility of chemical changes taking place at the higher temperature. 
Only about one liter was usually distilled over, thus getting less than 
half of the volatile acids and alcohols in the distillate, as was determined 
by titrating the distillate and the total acidity, and comparing with the 
average acidity of normal silage, as determined by Hart and Willaman. 
The distillate, having been neutralized with NaOH, was redistilled, also 
under reduced pressure, to liberate the alcohols, and the distillate con¬ 
taining the alcohols concentrated by repeated distillation, with the aid 
of a fractionating column. In each case, the samples w T ere distilled, and 
the distillates concentrated uniformly, so that the results of the tests could 
be compared. In one case a water extract was made, by grinding up a 
sample of about 400 g., triturating in a mortar, and filtering rapidly on a 
Buchner funnel. The filtrate, about 1.5 liters, w'as distilled in steam 
under reduced pressure, neutralized, and redistilled as above. Table I 
shows the results of the tests made on each sample. 

Tabu® I.— Record of Tests for Methyl Alcohol in Normal Corn Silage. 

Mor- Sangte- 

Temp of Resorcin Trfflat Phenol Gallic Haigb phlne Perri^fe- 

Sample. dist tefct. test test lest test test Cuuuasse 

1 Stave silo 100 0 4 4 4 

2 Stave silo 35 0 f- 

(strong) 

3 Stave silo 30® 4 4 4 4 

(strong) « 

4 Stave silo 

water ex¬ 
tract 28° 4 4- 4 

(very (strong) 
strong) 

5 Concrete 

silo 40® + 4 - 4 - 4 - 4-4 

(very 
strong) 

The presence of methyl alcohol in normal silage having been established, 

1 This Journal, 28, 1202 (1906). 

* Ibid., 27, 892 (1905). 
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an Attempt was made to determine the source of it. F. Ehrlich has shown 1 
that certain yeasts have the power of fermenting amino adds with the 
formation of the corresponding alcohols, as in the following equation 
R.CHNHt.COOH + HsO - R.CHtOH + COs + NH 8 
He has further shown that one of the specific sources of methyl alcohol 
in a protein-carrying fermentation mixture is glycine, as shown by the 
following equation* 

CHtNHj.COOH + HiO - CHsOH + COi + NHs 
To determine whether or not the methyl alcohol m normal silage has its 
source in the glycine of the corn proteins, a number of water cultures 
with synthetic media were set up and inoculated with a small piece of 
normal silage, obtained under antiseptic conditions from the large con¬ 
crete silo on the University farm, the sample being taken about two feet 
below the surface of the silage A typical medium was composed as 
follows 


CaCO, 

1 g 

K,HP04 

1 g 

MgSO< 

0 1 g 

FeCi, 

Trace 

NaCl 

Trace 

Glucose 

2 g 

Glycine 

2 g 

Distilled water , 

1 liter 


The object of this method of inoculation was to carry into the cultures 
all of the typical silage flora. These cultures were arranged, according to 
the composition of the media, mto pairs, each pair being similar m composi¬ 
tion, except that one contained glycine as the sole source of nitrogen, and 
the other some other nitrogenous substance All contained either glucose 
or a tartrate as the source of carbon, except cultures I and II, which con- 
Tabus II — Tbsts for Methyl Alcohol in Watbr Cultures. 



Resorcin 

TrilUt 

Phenol 

Gallic 

acid 

SangM- 

Perrttre- 

CultUfM 

tut 

teat 

teat 

teat 

Cumlaaae 

Glycine 

4- 

+ 

4- 

4- 

+ 


II. Glycine + 

(strong) 

III Glycine 4* — 

IV No glycine — — 

VII Glyew^. — 

VIII No glycine No growth 

IX Glycine 4- -f- 4* 

X Glycine 4* 

(strong) 

XI No glycine 4- 

(weak) 

XII Glycine + + 

1 Wochschr Brau, 30, 561, Z angew Ch*m„ a7,48 (1914). 
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tamed only glycine and inorganic salts. Considerable growth and forma* 
tion of methyl alcohol was obtained even in these two cultures. More¬ 
over, no other organic substance which might be fermented to methyl 
alcohol was present. After being allowed to stand at room temperature 
for three or four weeks, the cultures were distilled in steam, at ordinary 
pressure, and the distillates concentrated and tested for methyl alcohol. 
The results, which are shown in Table II, seem to indicate the possibility 
of glycine being at least one of the sources of the methyl alcohol. 

The objection, however, may be justly raised, that under different 
conditions of environment, the flora of the silo might not be typically 
represented in these cultures. To secure more definite evidence, silage 
was made in the laboratory, in sealed jars, using corn which had been grown 
to maturity in the greenhouse. Jar No. i contained normal silage, 
jar No 2 contained normal silage to which a solution containing 2 g. of 
glycine had been added, and jar No. 3 normal silage to which 2 g. of glycine 
and 50 cc of ether had been added. The silage in these jars was excellent, 
and was perfectly normal in appearance, odor, taste, and acidity, except 
that in jar No. 3 the ether had inhibited the action of organisms, and there 
was much less acidity developed. Otherwise the silage in this jar had 
practically the same appearance and odor as that in the others, after the 
ether had been allowed to evaporate. During the ripening of the silage, 
the pressure of gas was relieved at intervals by opening a pinchcock. 
Considerably less gas was developed in jar No. 3 than in the others. 

At the end of about six weeks samples of 350 g. were ground and dis¬ 
tilled as in the case of the normal silage. The titer of volatile and fixed 
acid was practically the same, in jars No. 1 and No. 2, the total aedity 
being equivalent to about 225 cc. of 0.1 N alkali per 100 g. of silage, but 
the total acidity in jar No. 3 wa» only about one-third as great as in the 
other two. The alcohols were distilled off, concentrated somewhat, and 
the tests for methyl alcohol applied, with the results as shown in Table III. 

Table III —Tests for Methyl Alcohol in Experimental Silage 



Temp of Resorcin 

Trillat 

Phenol 

Gallic 

Haigh 

Morphine 

Sample 

diet C test 

test 

test 

acid 

test 

test 

1 Normal silage 

35° -r 

(weak) 

+ 

(very 

weak) 

+ 

+ ' 

+ 

+ 

(very 

weak) 

2 Glycine silage. 

3 Glycine-ether 

. 4°° "1“ 

(very 
strong) 

+ 

(strong) 

+ 

(strong) 

+ 

J- 

+ 

(strong) 

silage 

40° - 

— 

— 

— 


— 


From the data shown, it is evident that more methyl alcohol was formed 
in the silage to which glycine had been added, which fact supports the 
hypothesis that its source is the glycine. In these two jars, the experi¬ 
mental conditions were exactly the same throughout, except the addition 
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of the glydne, and the consequent increase in the amount of methyl 
alcohol formed. The difference in the strength of the tests, as indicated 
in the table, was very pronounced. The fact that in jar No. 3, the silage 
which ripened in the presence of an antiseptic pontained no trace of methyl 
alcohol, even though a similar amount of glycine had been added, seems 
to show that the formation of this alcohol is brought about by some organ¬ 
ism. This is in harmony with the results secured from the water cultures. 

Of course, at this stage of the work, we can point, with certainty, only 
to the presence of an appredable amount of methyl alcohol in normal 
silage, and merely indicate the probability of its formation by the hydrolysis 
of glycine. It is also possible that other substances than glydne may 
furnish some methyl alcohol in the presence of certain organisms, as for 
example, the fermentation of glycerine by B. Bodcopricus. 1 Indeed, the 
presence of methyl alcohol in fermentation mixtures is not new. Wolff 2 
found it present in the distillate from fermented fruits, such as apples, 
cherries, grapes, and plums. Sangl£-Ferri£re and Cumiasse 3 found it 
in absinthe. Takahashi 4 discovered methyl alcohol among the products 
produced by several varieties of mycoderma yeasts in fermenting rice 
mixtures. Evidently a number of different species of microorganisms 
possess the power of producing methyl alcohol in fermenting mixture*. 

Summary. 

Normal silage is shown to contain small amounts of methyl alcohol. 
A number of tests were made on the distillates from several samples of 
silage, the tests having first been standardized by using various known 
mixtures of alcohols. The number of different tests used precludes the 
possibility of positive reactions being given by some other substance 
than methyl alcohol. 

The hypothesis is advanced that at least part of the methyl alcohol is 
formed by the action of microorganisms on glycine. All work done thus 
far with water cultures and experimental silage shows results which sup¬ 
port that hypothesis. 

Madison, Wzs 


[Contribution from the Chemical Laboratory of the University of Wash¬ 
ington ] 

THE VOLATILE SUBSTANCES OF URINE. 

« By William M. Dbun and Frank A. Hartman. 

Received July 18 . 1914 . 

Freshly voided, normal urines possess low vapor pressures 6 and little 
odor, thus indicating the presence of only traces of volatile substances. 
* Rmmeiling, tier., 29, 2796. 

3 Qmpt. rend,, 131, 1323. 

3 Ann . chim. analyst , 8, 82 (1903). 

4 $uU. CoU Agr . (Tokyo), 6 , 387 ^ 9 ° 5 )- 
1 Vide infra 
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After standing, all urines undergo bacterial changes, 1 develop increased 
vdpor pressures and give off disagreeable odors, thus indicating decomposi¬ 
tions of complex nonvolatile molecules contained in the fresh urines. These 
decompositions are indicated not only in the fermentation of urines, but 
also in the results of evaporation 2 to dryness and ignition The latter 
operations develop from the nearly odorless fresh urines intolerably nause¬ 
ating odors which evidently were not present in the originals Further¬ 
more, as will be shown below these characteristic odors ma> easily be 
developed by the hydrolytic action of dilute acids and alkalies Thus 
w r e have various conditions and operations intensifying the odors of urine, 
and the conclusion is inevitable that these disagieeablc lolatilc substances 
weit not present as such in the original unnes but were produced by hydrolysis , 
ndwtion , oxidation or splitting of complex conjugated compounds' contained 
therein Such odor-poducing, conjugated compounds, except m cases 
of urea, phenol and indol, have not been described in the literature, at 
least the antecedents of some of the odorous compound of urine seems tp 
ha\ e been overlooked by previous investigators. 

Studies, first undertaken three years ago to determine the<-» odoriferous 
substances, have not only confirmed the view that numerous hitherto 
known volatile substances are present in urine but also have developed 
the view that no small number of hitherto unknown substances also are 
present. Some of the latter have now been studied and others are lieing 
in\ estigated. 

Since no systematic study of volatile substances of urine has been made, 
it is purposed to make such studies both of freshly voided urine and urines 
treated with bacteria, acids and alkalies These studies are undertaken 
to determine. 

1. The volatile substances of urine. 

2. The cause of the characteristic odor of urine. 

3. The toxic constituents of urine. 

5 * 4. The molecular forms of conjugated, deodorized, detoxified 

substances of urine. 

5. The influence of the antecedents of such compounds on me¬ 
tabolism. 

V large number of volatile substances contained in urines have been 
described in the literature. These have been classified as 

1 This Journal, 36, 410 (1914) 

* Van Nuys, “The Chemical Analyse of Healthy and Diseased Urine,” 1888, 
IL ib “The chemical constitution of the body t6 which unne owes its* odor is not 
known. It volatilizes very slowly, as unne does not lose all of its odor by boiling or 
evaporation.” 

* Long, “Urme Analysis,” 1900, p 13 “Normal unne contains traces of complex 
aromatic bodies, the exact nature of which cannot m all cases be given ” 
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1. Normal physiological constituents. 

2. Casual physiological constituents. 

3. Pathological constituents. 

However, since these run one into the other, since it is sufficiently im¬ 
portant to recognize what substances can be eliminated by the kidneys, 
and since our method of study is based on chemical differences , the follow¬ 
ing classification of volatile substances of urine is made. 

Table I.—Volatile Substances of Urine. 

Adds. Phenol*. 


Normal 

Abnormal. 

Normal 

Abnormal. 

Carbonic 

Aceto-acetic 

Phenol 

Catechol 

Formic 

3-Hydroxybutyric 

p-Cresol 

Naphthol, etc 

Acetic 

Valeric 

Other phenol*; 


Propionic 

Levulinic 



Butyric 

Crotonic 



Benzoic 

Pbenylacetic 



Other adds 





Bases. 

Neutral substances. 

Normal. 

Abnormal. 

Normal. 

Abnormal 

Ammonia 

Pyridine 

Oxygen 

Acetone 

Methylamine 

Trimethylamine 

Nitrogen 

Ethyl sulfide 

Indol 1 

Benzylamine, etc. 

Hydrogen peroxide 

Methyl mercaptan 

Skatol 


Urinol hydrosulfide 

Alcohol 



Other compounds 

Terpenes, etc. 


This classification does not assume that the listed substances are in¬ 
variably found in the urine or that when eliminated by the kidney they 
are found in the urine in the molecular forms indicated, for it must be 
remembered that usually it is impossible to observe when uriniferous 
substances hydrolyze or split into their more simple molecules. 

Furthermore, no claim is made that the table includes all of the volatile 
substances hitherto recognized. It merely suffices to show that hitherto 
known substances * do not produce all the uriniferous odors; these must be 
sought for among hitherto undetected substances. *} 

Other substances which either have not been definitely established, 
or have had their origin from foods and therapeutically administered 
materials, have been omitted from the list. 

Add Volatile Substances. 

When the odor of urine is mentioned in the literature it is vaguely 4 e- 

1 Though indol is a weak base, in the method of separation described below, it 
appears among the neutral substances. 

* The words component and constituent as defined by some authors to designate 
mixture and compound cannot be applied to the volatile substances Of urine without 
ambiguity. At first many of the volatile substances are conjugated hence may be 
termed constituents, but after hydh)iyais, they may be termed components. The 
less-limiting word substance is used in this paper. 
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scribed as being caused by volatile adds. Moreover, the usual aridity 
of urines is attributed, at least partially, to various organic acids. It is 
well, therefore, to note what acids are present and here especially to con¬ 
sider what acids may contribute to the odor However, as will be shown, 
none of the listed acids possess odors likely to be mistaken for the charac¬ 
teristic odor of urine Carbonic 1 and benzoic acids are odorless The 
lower fatty acids 2 occur m small quantities and, except under rare patho¬ 
logical conditions, are present as salts or m conjugated forms, hence are 
not appreciably contributory to the odor of urines It must be added 
that, m fermenting urines, volatile acids are increased at the expense of 
carbohydrates, 3 present 

The occurrence of hydrogen sulfide has been observed by various in¬ 
vestigators 4 Salkowski considered that its evolution from urine is to 
be traced to the action of bacteria on neutral sulfur compounds, as sul¬ 
fates or thiosulfates Karplus 6 also observed bacterial formation of 
hydrogen sulfide m urines We have observed that all urines slowly 
give off hydrogen sulfide when treated with cold, dilute phosphoric or sul¬ 
furic acid An explanation of this will be made in connection with 
unnod 6 

Acetoacetic and / 9 -hydroxybutync acids 7 are both contributory to the 
pleasant odor of diabetic urines Tevulinic, 8 crotomc 9 and phenylacetic 
acid have also been reported 

1 Winter and Schmidt Centr physiol , i, 421, Marchand J prakt Chem , 44, 250 

* For summary of early literature, see Jaksch Z physiol Chem 10, 536, for 
other literature see Dakin's “Oxidation and Reductions m the Animal Bod> (Mono¬ 
graphs on Biochemistry), 19x0, pp 113-16, see also Magnus, Z Med , 73, 428, Molaar, 
Z exp Path, 7, 343, Stnsower Btochem Z , 54, 189, Thudichum, J Chem Soc , 23, 
400, Pfluger’s, Arch Physiol 15, 12, Stadcler, Ann chem Pharm , 77, 17, This 
Journal, 8, 86 

* Salkowski, / physiol Chem , 13, 264, J Chem Soc , 23, 400.. 

4 Salkowski, Berl khn Woch, 25, 722, Chem Zentr , 1888, 1471, Porcher and 
Havieux, Compt rend soc btol , 68, 27 

4 Karplus, Virchow’s Arch, 131, 210, see also Sasaki and Otsuka, Btothem Z, 
39. 208 

4 See following contribution 

7 For literature on these auds see Dakm's bibliography quoted above See also 
Duchmuller, Szymanski and Tollens, Ann, 228, 92, Minkowski, Chem Zentr 1884, 
406, Wolpe, Ibid , 1887, p 277, Stadelmann, Z Biol, 32, 456, Klinger, Ann Chem. 
Pharm, xo6, 18, Nepbuuer, Ibid , 97, 129, J Pharm chim, (3] 29, 320, Araki, Z 
physiol Chem 18, Magnus, Arch exp Path Pharm , 42, 149, Hilger, Ann, 195, 
3i4 

8 Wemstraud, Chem Zentr , 1895, P 2 9 2 

1 Stadelmann, Z Biol , ax, 140, Salkowski, Z physiol Chem , 7, 4so, 9, 8, Araki, 
IM, 18, x 
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Phenolic Volatile Substances. 

A large number of simple and polyhydric phenols 1 and their derivatives 
may appear in the urine conjugated either with sulfuric acid or glucuronic 
add. For our study here, phenol and />-cresol are the most important, 
since they are odorous, volatile and appear in the largest quantities, as 
may be seen in the following experiment * 


One thousand liters of urine were treated with dilute sulfuric acid and 
distilled, the distillate gave, by methods described below, phenols of the 
following fractions: 


(1) 170° 

about 

Gram* 

1 34 

phenol 

B p 
183° 

(2) 170-200° 


19 13 

p cresol 

202 ° 

( 3 ) 200-230° 


8 12 

thymol 

232° 

<4) 230-260° 


0 67 Compare with < 

catechol 

240° 

(5) 260-320° 


2 4s 

resorcinol 

276° 


Total, 

3 i 7 > 

a naphthol 
/? naphthol 

282° 

288° 


It need only be observed here that the odors of phenols do not give the 
characteristic odor of urine. 


Basic Volatile Substances. 

Ammonia 2 is the most important base positively known to occur m 
urine. During the hydrolysis of urea in fermenting urines, ammonium 
carbonate is formed iti laige quantities—this decomposes into free ammonia 
which almost universally has been mistaken for the characteristic odor- 
produdng substance of urine Although ammonia contributes to the 
disagreeable odor of alkaline urines, such contribution is only secondary, 
as may be easily proven by the experiment of heating urines with dilute 
sulfuric acid- this retains the ammonia but liberates the uriniferous odor. 

The occurrence in urine of methylamine, 3 trimethvlamine 4 and other 
1 For bibliography of phenols sec Dakin’s Loc cit 1910, p 130 Baumann, Ber , 
9, 54. 1389. i7*5» 1747, 10, 685, n, 1907, 12, 2166, Pfluger’s Arch , 12, 63 69, 69, 285, 
Z physiol Chem , 1, (to, 2, 335, 10, 123, Monfet, Compt rend , 137, 386, Salkowski, 
Bet , 9, 1595. 10, 842, Labby and Vitry, Compt rend soc btol , 62, 699 For quantities 
of phenols ui urines see Rumpf, Z physiol Chem , 16, 220, Neubcrg, Ibid , 28, 123, 
Mooser, Ihtd , 63, 155 For naphthol in urine see Edlefsen, Chem Zentr, 1905, p, 
1341, Desesquelle, Compt rend soc btol, [9] 2, 101 For catechol, sec BaumftfjEty, 
Pfltigcr’s Arch Physiol, 12, 63, Moscatelli Virchow’s Arch , 128, 181 v ^ 

* Neubauer, J prokt Chem , 64, 177, 279 Salkowski and Munk Virchoii& < Aft&, 
71, 500, Rumpf, Ibtd\ 143, 1 - Salkowski, Z physiol Chem , 1, 26, Gumlich, 

19, Rumpf and Kleme, Z Btol, 39, Jubelband, 65, Camerer, Ibid , 43, 13, Tid$%Mey- 
mott and Woodman, Proc Roy Soc , 20, 362, Folin, Am J Physiol 13, 45, 66, Grafe 
and Schlaffer, Z physiol Chtm , 77, 1, Wills and Hawk J Btol Chem , 9, 30, Boussin- 
gault, Ann chtm phys * It] 29, 472, Hemtz, / prakt Chem 64, 399, Hallerwarden, 
Virchow’s Arch 143, 705 

1 Schiffer, Z^ physiol Chem , 4, 237, Erdmann J Btol Chem , 9, 85, Folrn, Ibid, 
3, 83, Takeda, Pfluger’s Arch , 129, 82, Schmicdeberg, Arch exp Path Pharm , 8, 1 
4 de Fillippi, Z physiol Chem, 49, 433, Erdmann, J Btol Chem, 8, 57, 9, 85; 
Dessaignes, Compt rend , 43, 670, Takeda, Pfliiger’s Archtv, 129, 82 
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aliphatic amines has not definitely been established. Indol and skatol 1 
are excreted in chemical combination with sulfuric or glucuronic acids. 
Pyridine 8 and benzylamine 3 have been reported in rare cases. 

Neutral Volatile Substances. 

This division, including unnod , and at least two other new and closely 
related substances, will be shown to contribute the most important volatile 
substances of unne. 

Oxygen, nitrogen and hydrogen peroxide, possessing no odors, are un¬ 
important in this discussion. 

Acetone, 4 one of the most important and most investigated substances 
of pathological unnes, contributes to the aromatic odor of diabetic urines. 

Ethyl alcohol 5 sometimes appears m the urine of diabetics. It is also 
of interest to know that a small portion of the alcohol of imbibed beverages* 
is eliminated in urine either in the free or the combined form. 

Other neutral volatile substances which have been reported as present 
in urine under special conditions are chloroform, 7 iodoform, ethyl sulfide,* 
methyl mercaptan 9 and the terpenes. 

From the foregoing discussion it may be concluded that the volatile 
substances hitherto known to be present m unne are not responsible for 
its characteristic odor. Though some of these are contributory to it, 
the following experiments will show that the newly discovered substance 
unnod *° is the td ipsum of the odor of urine. 

1 For voluminous bibliographies on indol and skatol see Hammarstcm's physiologi- 
pil chemistries A regular occurrence of indol in the distillate of normal urine is mam- 
tamed by Jaffe, Arch exp Path Phartn , Suppl, 1908, p 299 

2 Kutscher and Lohmann, Z Nahr Genuism , 13, 177 

3 Schmiedeberg, Arch exp Path Pharm , 8, 1, 14, 288, 306, Mosso, Jbtd , 26, 267. 

4 For voluminous bibliographies on acetone see (a) Huppert-Neubauer, Ham - 

Analyse, 10 Aufl , ( b) v Noorden’s Lehrb d Pathol des Stoffwechsels, Berlin, 1893, (c) 
Dakin's “Oxidations and Reductions m the Animal Body” (Monographs of Bio¬ 
chemistry), 1912, pp 113-116, also sec Jakseh, Z physiol Chem , 6, 541, Muller, Berl 
khti Woch , 1887; Chem Zentr, 1907, p 366, Jagerroos Bjorneborg, Arch Gyn, 94, 
No 2, Piper, Lancet, 185, 535, 602, Wallace and Gillespie, Practitioner, 84, 2, Abram, 
I^Path Bad, 3, 420 » 

5 Markownikoff, Ann , 182, 362, Pohl, Arch exp Path Pharm , 31, 281, Vdltz, 
Baudrexel and Dietrich, Arch ges physiol, 145, 210, Dupr6, Proi Roy Soc, 20, 268; 
B6champ, Compt rend , 75, 1830, Maignon, Ibid , 140, 1063, 1124 

# Dupr6, Pfoc Roy Soc, 20, 268, Voltz and Baudrexel, Arch ges Physiol , 142, 
47 ,i 45 * 2 io 

7 Vitali, UOrosi 16, 299, Nicloux, J pharm chhn , [6] 24, 64 

8 Neuberg and Grosser, Chem Zentr , 2, 835 Abel, Z physiol Chem , 20, 253 

• Karplus, Virchow’s Arch , 131, 210 

10 Moor descnbed a substance obtained from the residue of urine by extracting with 
alcohol He called it uretne It was shown by Gies and Haskins to be a mixture 
containing large quantities of urochrome Moor, Z Biol, 44, 123, 45, 420, Med. 
Record, 58, 336, 471, Le physwlogiste russe, 2, 128, 131, Gies, Med Record, $9* 329; 
Taxs Journal, 25, 1295 (1903), Haskins, Am J Physiol, 12, 162 It probably con¬ 
tained traces of urinod hydrosulfide , as will be shown below. 
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> Experimental Part 

Prdhninary studies were made 6n the vapor pressures and the volatile 
acidities of normal urine. Our important experimental results, however, 
were obtained by hydrolysis and distillation of urines with dilute sulfuric 
acid. 

Vapor Pressures of Normal Urines. 


Vapor pressure determinations 1 were made under the following indicated 
conditions. 


Sample 

Age 

Hours 

Temper¬ 

ature 

Vapor pressure of 

Urine Water 

Difference 

Remarks 

A 

1 

24 0 

12 2 

22 2 

IO O 

Acid reaction 

A 

67 

21 8 

16 4 

19 5 

3 I 

Acid reaction 

A 

120 

23 O 

19 3 

20 9 

1 6 

Acid reaction 

A 

504 

23 0 

16 4 

20 9 

4 5 

Containing mold 

B 

13 

20 2 

13 4 

17 6 

4 2 

Acid reaction 

B 

60 

21 6 

15 9 

19 0 

3 9 

Alkaline reaction 

C 

O I 

20 5 

16 6 

18 0 

1 4 

Acid reaction 

C 

3 2 

21 1 

II 0 

18 7 

7 7 

Acid reaction 

C 

24 O 

20 3 

10 8 

17 7 

6 9 

Alkaline reaction 

C 

30 O 

20 8 

15 5 

18 4 

2 9 

Alkaline reaction 


It is observed that the vapor pressures (i) are not constant throughout 
the times observed, (2) their variations are not large; and (3) they are 
lower than aqueous pressures at the same temperature. Since many 
chemical reactions are going on in urine, involving fermentation, hydrolysis, 
oxidation, reduction, etc., especially developing ammonium carbonate 
from urea and multiplying the oxygen-consuming bacteria—it is to bq 
expected that disturbances of the vapor pressure equilibria will result 
shortly after the urine is voided, and will continue until all fermentations 
cease. Since the reaction products may have opposite effects upon the 
original vapor pressure, the equilibrium may not be disturbed or may be 
disturbed only slightly, therefore, such determinations may have little 
or no value. For our purpose they show that no large quantity of easily 
volatile substances is present in normal urine. 

Volatile Acidity of Urine. 

Since the odor of urine is often judged to be caused by “ volatile aromatic 
adds” it was considered of importance to measure such volatile acidity. 
Air was, therefore, drawn through a series of bottles supplied with Folin’9 
aspiration tubes. The first bottles contained appropriate Solutions for 
fixing atmospherip adds and bases; next followed the bottle containing 
the urine; and finally the bottle containing 0.1 N alkali. Thus the acids, 
volatile at ordinary temperature, were carried over into the alkali and the 
loss of alkalinity was measured. 

Fresh urines and fermented urines were tested in this manner; both were 
1 For method employed see This Journal, 29, 1052 (1907) 
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aspirated directly or after treating with dilute sulfuric acid to liberate free 
adds from their various combinations. 


Sample 

Volume 

urine 

Rind of 
urine 

Treated 

with 

H 1 SO 1 

Volume 
Time of 0 1 N 
aeration. NaOH. 
Hours Cc 

Calc, as 
benzoic add 
per 1.000.000. 

A 

100 

Fresh 

+ 

36 

0 14 

17 08 

A 

200 

Fresh 

+ 

17 

0 25 

15 25 

B 

IOO 

Fresh 

(fl) 

9 

0 14 

17 08 

B 

200 

Fresh 

0 b ) 

6 

O 25 

15 25 

C 

2000 

Fresh 

+ 

16 

0 40 

2 44 

D 

1500 

Fresh 

+ 

16 

0 20 

1 63 

E 

2000 

Fermented 

+ 

45 

O OO 

0 00 


(a) Sample (B) was collected in dilute sulfuric acid and was permitted to stand foi 
2 mos , then 10 cc of 20% sulfuric acid was added to the 100 cc 

(b) Here 20 cc of 20% sulfuric acid was added 


Since benzoic acid was found in normal urine in the largest quantities 
of any acid, it is here taken as the basis of calculations. Of course, when 
urines are treated with sulfuric acid and are then aspirated or distilled, 
hydrochloric acid is volatilized, hence the above concentrations, as indi¬ 
cating organic volatile acidity, are too large. These experiments, however, 
show that: (1) the normal acidity of urines is not largely due to volatile 
acids; (jt) f the odor of urines at ordinary temperature cannot be caused by 
numerous aromatic acids, at least, it cannot be caused by such acids 
present in any considerable quantity. 

In fact, the extremely low concentration of volatile acidity may be caused 
almost entirely by hydrogen sulfide; this will be shown in the following 
experiments: 

The Occurrence of Hydrogen Sulfide in Urine. 

It was observed that all urines treated with dilute sulfuric acid slowly 
evolved hydrogen sulfide. It became necessary to determine. (1) whether 
such hydrogen sulfide was forlned from the added sulfuric acid; (2) whether 
the presence of acids accelerated the evohffion of hydrogen sulfide; and 
(3) whether other odors were developed at the same time. Samples of 
urine were treated in the following indicated manner: 

Fraction Volume Effects on lead acetate ppper after 

of same used Treated 

sample Cc with 3 hr* 4 hrs 48 hrs 11 days 

A 100 4 g HsPO* edge*? blackened darker very dark black 

B 100 4 g HjSO< edges blackened darker very dark black 

C 100 edges blackened 

Here it is concluded: (1) the hydrogen sulfide was not formed by reduc¬ 
tion of the sulfuric acid; (2) its evolution was accelerated by acids, and 
(3) the untreated sample gave off little or no hydrogen sulfide. The fur¬ 
ther observation was made that both (A) and (B) but not (C) gave off 
urinod-like odors. 

From these and other observations the conclusion is drawn that treat- 
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ment of urines with sulfuric adds yields hydrogen sulfide, urinod, a dark 
brown predpitate and other reaction products. 

Methods Used for the Isolation of Volatile Substances. 

Two methods have been employed by us to obtain volatile substances 
in urine: 

1. Direct extraction of urines with ether. 

2. Extraction of distillates of urine with ether. 

Since large quantities of urine and ether were handled in both cases, 
considerable thought and labor were given to the best methods of ex¬ 
perimentation. Three methods were pursued: 

Method I. —Three carboys each holding about 40 liters were arranged 
at different levels (see Fig. 1), so that the contents of the topmost one 
(A) siphoned into the middle one (B) and the latter into the lowest one (C). 

The purposes of this apparatus were 
these: (1) to extract large quantities of 
urine or its distillates automatically by 
making use of gravity; (2) to avoid loss 
of ether attending the handling in open 
vessels; and (3) to avoid danger of fire in 
working with large quantities qf ether. 

A sufficient quantity of ether ( b ) is 
drawn into (B) through (6), by closing 
(3)1 (4) and (8) and drawing through de¬ 
tached (9). With screw-clamp (1) opened, 
bottles of urine or distillate are inverted 
in funnel (2) and are permitted to empty 
into carboy (A). When the latter is 
nearly full, screw clamps (3), (6) and (8) 
are closed and urine or distillate is 
siphoned to (4) by drawing at detached 
(9). A steady stream of urine or distillate 
spurts through the finely drawn nozzle 
(5) and, with proper adjustment, break 
to a fine spray when striking the surface of the ether. With (9) reattached, 
(3) opened and (1), (6) and (8) and stopcock (2) closed, carboy (A) will 
empty into (B) and if siphon (7) is filled by drawing at (7) carboy (B) 
may simultaneously deliver into (C). Hence, without any attention or 
danger of loss, the apparatus may be set in operation dining the day and 
be permitted to run all night. Since sediment from (A) may dog the nozzle 
(5), the siphon of (A) should not dip too deeply, nor should this siphon 
be opened before the sediments have had time to settle. Of course, 
when such clogging results, tube (5) may be detached and cleaned. 

When the ether layer (6) becomes much reduced, it may be drawn off 
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and fresh ether may be added, or better, more and more ether may be 
added when necessary, without removing any of the layer present. 

The extracted liquor from (B) and (C) may be drawn off at (6) and (8), 
most advantageously when (A) is refilling at (2). This lower aqueous 
layer contains large quantities of dissolved ether, hence should be distilled 
to recover the same. This may conveniently be effected by running the 
liquor directly into the vessel used as a still or the liquor may be preserved 
for distillation in bottles. The distillation was most conveniently carried 
on with a battery of flasks such as used for Kjeldahl digestions. The 
tubes from the different condensers were 
connected so that one tube only delivered 
into the receiver and this was surrounded 
by flowing tap-water and carried a return 
condenser. The ether distillates contain¬ 
ing water were assembled and returned 
to carboy (B). 

Method 11 , —This, like Method I, is 
safe and ether-saving. It is semiauto¬ 
matic, prevents disagreeable odors being 
liberated in the laboratory but is not so 
rapid as Method III. 

The apparatus (see Fig. 2) consists of 
bottles (A) delivering urine by siphons 
(1) through jets (5) into the large bottle 
(B), which carries two return condensers, 
one of which (E) opens to the air by a 
capillary tube (3) at the top to accommo¬ 
date changes of pressure in (B). The 
urine having passed through the ether 
layer (6) is siphoned into flask (C); here 
the dissolved ether is distilled back into 
the extraction bottle (B). The waste 
material is then withdrawn through 
siphon (8). After a number of ex¬ 
tractions, the ether ( b ) is siphoned from (B) to (D) where it is concen¬ 
trated, the ether returning to (B) through the condenser (F). 

All siphons are filled by drawing with the suction pump and are controlled 
by screw clamps. The effectiveness of the extraction depends upon the 
size and force of the stream striking the ether layer. 

Method TIL —This method, though most wasteful of ether, was found 
to be rapid and convenient. The distillates from the urine were placed 
in ordinary 2.5 liter acid bottles, whose stoppers and necks had carefully 
been freed from paraffin. The bottles ordinarily were filled about four- 
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fifths with distillates and nearly to the neck with ether. The bottles, 
tightly cork stoppered, were shaken vigorously from time to time and 
finally were set aside, or were permitted to stand until the mixture settled 
in sharply defined layers. These layers were separated by one of three 
methods: (i) one or two bottles were emptied into a large separating fuunel 
and the two layers were drawn off in the usual manner; (2) a siphon was 
used to draw off the aqueous layer from each bottle; (3) the contents of 
many bottles were poured into a carboy and the two settled layers were 
separated by the siphon. 

The aqueous part was distilled to recover dissolved ether and this ether 
was used for the other extractions. In all cases the hot residual aqueous 
solutions gave off uriniferous odors, showing that the extraction of volatile 
substances was not complete with a single extraction. 

Collection and Chemical Treatment of the Urine. 

The collection of mine was managed so that it was treated either di¬ 
rectly with sulfuric acid, or within a few horns, thus avoiding fermentation. 1 
Concentrated sulfuric add was diluted with one volume of water, and 
100 cc. of this solution were placed in each 2.5 liter acid bottle Then 
funnels were placed in the necks of the bottles for direct collection or the 
bottles were filled from large flasks or bottles containing fresh urine. Thus 
the mines were treated almost immediately with 3-4% of sulfuric acid, 
enough to unite with all of the reactive constituents of urine, and to yield 
a definite though weak hydrolyzing medium. 

The bottles thus filled were set aside, preferably in a warm, dark, place 
for a number of days. During this time the color of the solution becomes 
chocolate-brown or brown-black, a brown precipitate is formed, and charac¬ 
teristic uriniferous odors are developed. If moist lead acetate paper is 
held in the vapors of these bottles, blackening results, showing invariably 
the presence of hydrogen sulfide. 2 

Since urines extracted directly gave only small quantities of volatile 
substances, it was found that some hydrolytic treatment, as with sulfuric 
add, was not only productive of but necessary for the evolution of the 
desired volatile substances. 

Three lines of study were followed—the urines were: 

(1) Extracted directly with ether. 

(2) Digested with dilute sulfuric add and then were subjected to 
distillation—practically to dryness. 

(3) Permitted to ferment and then were subjected to distillation. 

The first method was nearly unproductive of volatile substances—show¬ 
ing that these ane largely formed by fermentation, hydrolysis, etc., from 

1 Fermented urines give little urinod and much indol in the “neutral” portion. 

1 See following contribution for further evidence that hydrogen sulfide is found 
in all urines. 
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conjugated compounds. The treatment with dilute sulfuric add,, distilla¬ 
tion, and extraction with ether was found to be a very satisfactory method 
for the isolation of volatile substances of urine. The third method was 
unsatisfactory for the production of volatile substances of urine. 

The Distillation of Urines. 

The urine, treated with sulfuric acid and permitted to stand many days, 
was decanted into round-bottomed flasks connected by Hopkins’ bulbs 
to ordinary condensers. These flasks rested on tripods covered with 
sand baths, wire gauzes, or wire gauzes supplied with circular-hole asbestos 
shields. 

With fermented urines, foaming-over, necessitating redistillation, was 
a source of much trouble, until the volume was reduced to about one- 
third. Such difficulty was not met with in ca.se of acid-treated urines. 
Since the distillation was continued practically to dryness, trouble from 
bumping was experienced after some two-thirds of the volume was ob¬ 
tained as distillate. When the bumping stage was reached, the concen¬ 
trated urines were cooled, assembled and permitted to stand so as to pre¬ 
cipitate the sediments which were usually dark brown in color. The urine 
was then siphoned off and the distillation was continued. T^is process 
was repeated until the urines were so concentrated that they solidified 
almost completely on standing. The liquid part of this, however, was 
filtered off and distilled further. 

The first distillate contained traces of floating oil, which tended to 
cling to the wall of the receivers. It possessed the characteristic urine 
odor and exercised nauseating and depressing effects upon the worker. 
The middle fractions seemed to yield less oil and possessed a modified 
odor suggestive somewhat of creosote. The final fractions contained 
some light yellow solid 1 and possessed a putrid odor mixed with the odor 
•of sulfur dioxide. Throughout the distillation the odors, at different 
times, resembled urine, old peanuts and most varieties of intestinal gas. 
Treatment of the Ether Extracts. 

After concentrating by distilling, the ether solutions were repeatedly 
and successively treated with aqueous solutions of (A) sodium carbonate, 
(B) sodium hydroxide, and (C) hydrochloric add. The residual ether 
solution was distilled first directly to remove the excess of ether and finally 
with steam to separate (D), the very volatile, from (E), the less volatile 
neutral substances. In this manner were obtained fractions containing: 
(A) volatile adds, (B) volatile phenols, (C) volatile bases, (D) urinod, etc., 
(E) urinod hydrosulfide, etc. 

To illustrate the complexity and variety of the volatile substances of 
urine, the boiling points of these fractions are given: 

1 See page 2134. 
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(A) up to 260° mostly at 220-260°. 

(B) up to 32o p mostly at 170-200 °. 

(C) up to 100 °. 

(D) up to 170° at 29 mm. mostly at 108 0 29 mm. 

(E) above 170° at 29 mm. 

(A) The Volatile Acids of Urine. 

From 125 liters of urine, the aqueous solution in sodium carbonate (A) 
gave with an excess of dilute hydrochloric acid : 

(a) A copious precipitate of white crystals (mostly benzoic acid). 

(b) An aqueous acid-containing solution. 

(a) The Solid Insoluble Volatile Acids. —After filtering and drying 9.8 g. 
of crystals were obtained or one part in 12,700 parts of urine. This solid 
contained at least three substances, viz., benzoic acid, a putrid acid, and 
dark odorous substances insoluble in ammonia. The melting point of 
the mixture was 117 0 (benzoic acid, 121 °). 

(b) Soluble Volatile Acids. —These were separated from the aqueous 
solution by extraction with ether. After evaporating the ether, an oily 
residue was obtained, it was dissolved in an excess of dilute alkali and then 
filtered through paper moistened with water. The alkali solution was 
treated with hydrochloric acid and extracted with ether. The ether solu¬ 
tion was dried with fused calcium chloride and distilled. The following 
fractions were taken : 


(a) From 125 liters ( b ) From the last third 1 of 1000 liters 


Fraction 

B p 

Weight 

Fraction 

B p 

Weight 

(1) 

50° 

O 02 

(I) 

90° 

0 50 

(1) 

50-80° 

O 50 

(2) 

90-120° 

0 62 

(3) 

80-120° 

* O 50 

( 3 ) 

120-220° 

3 62 

( 4 ) 

120-220° 

> 

( 4 ) 

220-245 0 

7 84 

(s) 

220-255° 


( 5 ). 

' 245° 

3 24 

(6) 

255-270° 

(m p 47°) 




( 7 ) 

270° 


Total 


15 82 


Fractions 1 and 2 gave, with ammoniacal silver nitrate, a black pre¬ 
cipitate of silver indicating formic acid. 2 All the fractions with neutral 
ferric chloride gave reddening and precipitates of basic ferric salts, thus 
indicating the presence of fatty acids or merely weak volatile acids. Frac¬ 
tions below 120° gave, with alcohol and hydrogen chloride, a heavy oil 
but no perceptible odor of ethyl acetate. Fractions above 220° solidified 
to white, soapy crystals of a peculiar fetid odor. These were identified 
as largely benzoic acid, as containing members of the fatty series of acids 
and possibly as containing hexahydrobenzoic or some closely related acid. 

Some of the fractions boiling above 220° were dissolved in ammonia, 

1 Unfortunately, the acids from the first two-thirds of the distillate from the 1000 
liters were lost 

1 Strisower. Btochem Z , 54, 189; C A , 8, 174. 
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filtered and boiled with an excess of silver nitrate and the precipitated 
silver salts were extracted with successive portions of hot water; thus 
there were obtained, on cooling, the following fractions: 

1 . 11 III IV 

Weights taken o 1144 o 1355 o 1048 04069 

Found, Ag 45 63 46 86 47 04 46 94 

Calculated for CaHsCOOAg, 47 12; CeHuCOOAg, 45 91; CeHuCOOAg, 45 52 

These data indicate that: (1) the original mixture of solid acids consists 
of benzoic acid largely; (2) the other acid or acids have greater molecular 
complexity than benzoic acid. 

From some of the 7.84 g. of solid acids obtained from the 1000 liters 
of urine, silver salts were prepared in different fractions and thoroughly 
washed with water. After decomposing the respective fractions with an 
excess of hydrochloric acid, the acids were extracted with ether and then 
were isolated in the usual manner. 


Fractions 

Crystals 

M p 

Remarks 

0) 

Transparent flakes 

124 0 

Melted sharply 

CO 

Transparent flakes 

106 0 

Remelted at 119 0 , optically in¬ 




active 

( 3 ) 

Compact crystalline mass 

io 5 ° 

Sublimed to plates and needles 

( 4 ) 

Compact crystalline mass 

122 0 


( 5 ) 

Compact crystalline mass 

121 0 

Sublimate melted at 122 0 


Since none of these fractions gave precipitates with bromine water, they 
contained no salicylic or other hydroxy acids. These experiments con¬ 
firmed the conclusion that the solid volatile acids of urine consist largely 
of benzoic acid. The putrid-smelling, low-melting acid was suspected 
to be hexahydrobenzoic acid. 1 

Some of the fraction boiling between 2 20-250 0 and freed from benzoic 
acid as much as possible by crystallizing from hot water, was extracted 
with ether, brought into water and treated with an excess of silver oxide. 
The hot aqueous solution was filtered and the first crop of crystals was 
discarded, for silver benzoate is less soluble than silver hexahydrobenzoate. * 
The second crop separated as white flakes. 

o 1732 and 0.1103 g gave 0.0794 and 00508 g. Ag; Calc, for CeHuCOOAg Ag, 
45 - 9 i%, Calc, for CeH 6 COOAg- Ag, 47 12%; found’ 45.84 and 4605% 

1 This acid was first prepared by Aschan and is described as forming colorless 
leaflets melting at 30 0 and boiling at 232-233 °. It is sparingly soluble in cold water 
and readily soluble in hot water. It is more easily volatile with steam than benzoic 
acid and possesses an odor resembling valeric acid and ethyl crotonic acid Aschan, 
Ber, 24, 1864, 2617; 25, 886; Ann., 271, 261; Markownikoff, Ber, 25, 370, 3357; 
Haworth and Perkin, J Chetn Soc, 65, 103; Bucherer, Ber., 27, 1231, Einhom and 
Meyenberg, Ber., 27, 2829; Einhom and Lumsden, Ann , 286, 264, Sabatiei and Murat, 
Conipt rend., 154, 922 ; Godchot, Bull, soc ckim , 9, 261 

* Bucherer, Ber., 27, 1231. 



azaa 


WILLIAM 1L DEHK AND FRANK A. HA&TMAN. 


Some of the silver salt was heated in a sealed tube with an excess of 
ethyl bromide; the ethyl ester 1 boiled up to 195°, 

Though apparently the presence of hexahydrobenzoic is indicated the 
evidence is not conclusive. For instance, when the free acid was separated 
from the silver salt, it did not solidify at ordinary temperatures. It 
contained no sulfur and no nitrogen. It responded to the ferric chloride 
test. It did not react with a chloroform solution of bromine. It did 
not react with a sodium carbonate solution of potassium permanganate. 
Small, white needles of its lead salt, melting at 40°, contained 42.34% 
Pb; lead benzoate melts at 114 0 and contains 46.10% Pb, lead hexahydro- 
benzoate contains 44.89% Pb, lead heptylate contains 44.49% Pb, lead 
caprylate melts at 84° and contains 41.98% Pb. 

The fraction boiling at 120-220° (last third of 1000 liters) was refrac¬ 
tionated and converted into silver salts. 

Silver salts contained % Ag 

Fraction Boiling First crop Last crop 

(1) 120-160° 51 94 56 45 

(2) 160-190° 51 70 51 67 

(3) 160-220° 47 00 46 46 

Calc for CfHiaCOOAg Ag, 45 52%, C*H 9 COOAg Ag, 4838%; C<H®COOAg 
Ag, 51 63%, CsHyCOOAg Ag, 55 34% 

These boiling points and analyses indicate the presence of butyric acid 
in (1), the presence of valeric acid in (2), and the presence of caproic and 
heptylic acids, and possibly hexahydrobenzoic acid in (3). 

The above experiments show that the volatile acids of urine consist 
mostly of benzoic acid and fatty acids up to and including caproic acid, 
probably heptylic and possibly hexahydrobenzoic or some closely related 
acid. 

From 200 liters of fermented urine, 0.53 g. of volatile acids were separated. 
Since most of this solidified to needles of bjuzoic acid, it is seen that fer¬ 
mentation is nonproductive of volatile acids of urine. 

Since benzoic acid is the most voluminous volatile add of hydrolyzed 
urine but is not detected in normally acidic urines subjected to direct 
extraction with ether, it is concluded that all the benzoic add of urine is 
conjugated as hippuric add. * 

« (B) Volatile Phenols of Urine. 

The aqueous alkaline solution (see above) was addified with hydro¬ 
chloric acid and extracted with ether, After drying with anhydrous 
sodium sulfate,was fractionated as follows: 

1 Aschan gives 195 0 as the boiling point of ethyl hexahydrobenzoate, Ann., 271, 
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I. 

125 liter* 
(mS04). 

II. 

1000 liters (H*S 0 4 ). 

(«) first */»; (d) last */»; (<) total. 

III. 

200 liters 
(fermented). 

(I)... 

170 ° 

O OO 

I .OO 

0 34 

1 34 

O 02 

(a)... 

I70“200 0 

0.95 

17 32 

1 81 

19 13 

423 


200-230 ° 

0 39 

6 38 

1 74 

8 12 

0 58 

( 4 ) 

230-260° 

0 

C4 

c 

O 20 

0 47 

0 67 

0 33 

( 5 ) 

260-320° 

0 80 

I 29 

1 16 

2 45 

1 00 



2 34 

26 19 

5 52 

3 i 7 i 

6 16 


It will be observed that phenoh occur about 31 parts tn a million oj urine . 
All the lower distillates gave turbidity with bromine water, thus indicating 
the presence of phenols. Some tarry residue remained in the distilling 
flasks, this indicating decomposed higher phenols. The third fraction, 
when treated with an excess of bromine and boiled, gave an oil which solidi¬ 
fied on cooling. When treated with alcohol, golden flakes, softening at 
264° and melting at 280°, were obtained. It has not been identified. 
It and the other phenolic compounds will be studied further. 

(C) Volatile Bases oj Urine. 

Only a little basic volatile substance is given off when urines are distilled 
with sulfuric acid. Of course, this is formed by the hydrolysis of sulfates. 
Since the distillates of such urines are acid, the bases remain ii the ether- 
extractcd, aqueous portion as salts of hydrochloric acid, etc. No effort 
was made to recover such bases from distillates after extracting with ether. 
However, in the preparation of neutral fractions of the volatile substances 
of urine, the ether solution was always washed with dilute hydrochloric 
acid to remove bases possibly present. 

(а) An effort was made to obtain volatile bases from urine. Forty 
liters of urine, collected over sufficient potassium hydroxide to maintain 
a strong alkaline reaction, was extracted twice with ether after the phos¬ 
phates had been removed. The ether from both the extracted material 
and the aqueous portion was distilled over dilute hydrochloric acid to 
collect low-boiling bases. Evaporation of this aqueous solution gave 
2*38 g. of hydrochloride. After extracting the residue with absolute 
alcohol, an insoluble portion was obtained. It formed a platinum salt 
containing43.15% Pt; calculated for (NH^aPtCl®, 43.96% Pt. The portion 
soluble in absolute alcohol (0.091 g.) yielded a platinum salt containing 
41.17% Pt; calculated for (CH3NH 3 ) 2 PtClfl, 41.32% Pt. This experi¬ 
ment shows that methylamine is present in alkali-treated unjermented urine 
only about one part in a million oj urine. 

(б) Fourteen liters of urine were allowed to ferment one month. After 
freeing from earthy phosphates, it was extracted twice with ether. The 
ether was distilled into receivers containing hydrochloric add; some 
ammonium carbonate and rectangular crystals of a musty odor formed 
in the condenser. From 3.259 g. of the hydrochlorides, 0.108 g. of alcohol- 
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soluble crystals were obtained. Its platinum salt contained 41.26% 
Pt; calculated for (CH 3 NH*)tPtCU, 4132% Pt* This experiment shows 
that methylamine is present in alkali-treated fermented urine one part in 
100,000 or ten times as muck as in case of the un fermented urine. 

(c) From 200 liters of fermented urine, 0.15 g. of bases was obtained; 
here no effort was made to obtain low-boiling bases. The residue solidified 
largely on cooling and possessed the odor of indol. 

(1 i) From 1000 liters of acid-treated urine 0.5 g. of bases was obtained. 

(D) Volatile Neutral Substances of Urine. 

The ether solution from the original distillates of urine, after concen¬ 
trating and treating with acids and alkalies, was further concentrated and 
distilled with steam. In this manner easily volatile substances were 
removed from difficultly volatile substances contained in the original 
distillate and from paraffin and other impurities introduced during the 
course of the experiments. 

The steam distillation gave at least five different substances, viz., sulfur 
and urinod hydrosulfide in the residual liquor, and a low-boiling thio- 
compound, urinod, and a high boiling compound in the steam distillate. 
The latter distillate also contained some sulfur. The presence of sulfur 
was observed at various stages of the distillation of the urine. It col¬ 
lected as a light yellow solid in the distillate and the condenser, especially 
during the final distillations. It melted at 114.5-115 0 and by the Carius 
method gave 100% S. Since sulfur itself is not volatile with steam, its 
formation must result from decomposition of hydrogen sulfide or from some 
other sulfur-containing compound. Since acids were removed by previous 
treatment with alkalies, hydrogen sulfide 1 cannot be present as such in 
the neutral fraction; hence it must be formed by decomposition of Some 
neutral complex substance. 

The residue from the steam-distillation was light brown in color, was 
easily soluble in alcohol but difficultly soluble in water. When warmed 
with acids it slowly gave off the odor of urinod and hydrogen sulfide. It 
was obtained in larger quantity from 40 liters by direct extraction than 
from 1000 liters by distillation. If it is urinod hydrogen sulfide, this latter 
result is to be expected. Since it has not been freed from impurities its 
further investigation will be postponed. Should it prove to be urinod 
hydrogen sulfide it will account not only for the sulfur and hydrogen sulfide 
obtained but also for the conjugated form of urinod. 

After the nefitral fractions were distilled with steam, they were ex¬ 
tracted with ether. This ether solution was dried with calcium chloride 
and shaken in a separating funnel with metallic mercury to remove sulfur. 
The ether sohttioq was concentrated and finally distilled in,vacuo. 

The first distillate up to about 100 0 at 30 mm. always contained oil, 

1 See "The Occurrence of Hydrogen Sulfide," p. 2125. 
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with an allyl mustard oil or ethyl xanthate odor. Since about 0.5 g. of 
it has been obtained it will be further investigated. The middle fraction 
contained the urinod, which will be described in the following paper. 
The final fraction contained an oil boiling at 170° with 29 mm. pressure. 
The final fraction did not react with semicarbazide. 

The yield of neutral substances from urine directly extracted with 
ether was practically nil. The yield from fermented urines was 2.44 g. 
from 200 liters; about equal quantities of urinod and indol were obtained. 
The yield from sulfuric acid-treated urines was 9 g. from 1000 liters. 

(E) Residues from Urine. 

When urines were distilled with dilute sulfuric acid in the manner de¬ 
scribed above, two residues were obtained: (1) a chocolate-brown pre¬ 
cipitate was formed when the urines were concentrated and (2) a salt-like 
residue was formed when the urines were evaporated to dryness. 

The first, 1 containing chromophoric substances, is a mixture of acids, 
such as uric, benzoic, etc., for it is completely soluble in alkalies and is 
reprecipitated by acids. After long standing at ordinary temperatures, 
an enveloping sublimate of pure crystals of benzoic acid was observed. 

The brown portion of the mixture has not been investigated. Ap¬ 
parently its formation is contemporaneous with the formation oi urinod. 
If the latter proves not to be combined with hydrogen sulfide in fresh 
urine, it may possibly be combined with the chromophoric substance. 

The second residue, obtained by evaporating urines and consisting largely 
of sodium sulfate, was redissolved in water, treated with dilute sulfuric 
acid and extracted four times with ether. After concentrating the ether 
solution, needle-like crystals, melting at 183° and identified as hippuric 
acid, were obtained. Since no other substance could be obtained from 
the ether, it is concluded that ether extracts from urine only volatile 
substances and hippuric acid. 

Summary. 

(1) A review of hitherto known volatile substances of urine shows 
that they are not responsible for its characteristic odor. Some of these, 
as ammonia, indol and possibly the phenols, con tribute to the composite 
nature of the odor 

(2) Fresh and fermented urines possess lower vapor pressures than 
water. 

(3) At ordinarv temperatures the volatile acidity of urine is very minute. 

(4) Direct extraction of urine with ether yields only a little volatile 
substance. 

(5) Distillation of urines with dilute sulfuric acid yields the largest 
1 Edlefsen, Munch med Wochsch , 45, 1615, 2524, mentions a precipitate of 

eieatinine when urines are treated with sulfuric acid See also This Journal, 36,415 
f i9X4). 
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quantities of volatile substances. These distillates were extracted with 
ether, concentrated and distilled. 

(6) The volatile substances were separated into four major fractions: 
(a) acids, ( b ) phenols, ( c ) bases, and (d) neutral substances. 

(7) The four fractions distil over a wide range of temperatures, hence, 
they are, respectively, mixtures of many substances. 

(8) The principal volatile add was found to be benzoic acid (formed 
by hydrolysis of hippuric add); hydrogen sulfide, the fatty acids up to 
heptylic acid, and possibly hexahydrabenzoic add. 

(9) The prindpal phenols are phenol and £-cresol; other higher phenols 
occur in notable quantities. 

(10) Methylamine and indol occur as a trace in fresh urines and in 
larger quantities in fermented urines. 

(11) The neutral substances of urine are the most important contribu¬ 
tors to the odor of urine. Urinod and at least three other new substances 
were indicated. 

SaATTut, Wash. 

[Contributions prom the Chemical Laboratory op the University op Wash¬ 
ington. ] 

URINOD, THE CAUSE OF THE CHARACTERISTIC ODOR OF 

URINE. 

By William M Dbhn and Frank A. Hartman. 

Received July 18. 1914 

Though many references are made in the literature and text-books 1 
to the characteristic odor of normal urine, the direct association of this 
odor with chemical compounds is loosely made only to ammonia and to 
several volatile acids. 2 The odor of fresh urine is described as npt un¬ 
pleasant, while the offensive odor of fermented urine is described as am- 
moniacal. Apparently, the substance that imparts to all urines the char¬ 
acteristic odor has been overlooked by previous investigators. This sub¬ 
stance we have isolated and analyzed; its formula is CeH 8 0 and we have 
given to it the name urinod} 

1 Black, "The Urine in Health and Disease,” 1896, p. 25: "In the normal condi¬ 
tion fresh urine has a peculiar aromatic odor The smell of urine is 9aid to be due 
to the presence of phenylic, taurylic and demoluric acids... .when it has undergone 
decomposition in the bladder it exhales an ammoniacal odor and sometimes gives off 
sulfuretted hydrogen;” Menninger, "Diagnosis of the Urine,” 1900, p. 17: "The odor 
4 s sharp and slightly aromatic, and its cause is at present unknown;” Long, "Urine 
Analysis,” 1900,*p. 13: “The odor of urine is not easily described, as in health it is sui 
generis and characteristic;" Holland, "The Urine,” 1904, p. 18: “Putrid urine has 
the odor of ammonia modified;” Tyson, "Practical Examination of Urine,” 1903, 

p. 33: “The characteristic odor of urine-is putrescent and ammoniacal, the former 

(resulting) from decomposition of mucus.” 

* Salkowski, Z. physiol. Chem., 13, 264 (1889). 

1 Latin, urina , urine; odor, smell. 
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If a quantity of urine is treated with sulfuric acid in the proportions 
•of ioo to 3 and the mixture is permitted to stand for some days and is 
then distilled, oily films may be seen on the surfaces of the distillates 
and, after using the same receivers for many distillates, the inner sur¬ 
faces may be seen to be coated more or less with oil This oil is largely 
urinod In this form, its odor, though very disagreeable and character¬ 
istic of unnod, is mixed with other odor imparting substances To ob¬ 
tain it pure in quantities sufficient for analysis, man> liters are necessary, 
1000 liters were distilled and 700 liters of distillate were taken—this ulti¬ 
mately yielded 5 18 g of nearly pure unnod Of course, some was lost 
durmg the handling, acidulation, distillation, ether extraction, concen¬ 
tration, treatment with acids and alkalies, distillation with steam, re- 
extraction, drying, and distillation in vacuo From data at hand, it is 
estimated that urinod occurs to the extent of only 1 2 parts m 100,000 
paits of urine For the reason that its occurrence m unne is so small, 
its presence has not previously been recognized At least, no method 
for its separation has previously been worked out Even now, after three 
years of systematic search and laborious experiments, its separation is 
effected only with great difficulties 

Preparation of Urinod. 

As was described m detail in the previous paper, the separation of the 
neutral volatile substances containing urinod consisted of the following 
outlined operations The urine was treated with dilute sulfuric acid 
so as to make about 3% concentration of acid The mixture was per¬ 
mitted to stand a number of days The urme, now darkl) colored and 
.giving off unpleasant odors, was distilled and the distillates were extracted 
with ether After washing with aqueous solutions of sodium carbonate, 
sodium hydroxide and hydrochloric acid to remove acids, phenols and 
bases, the ether solution, containing neutral substances, was concentrated 
to a small volume and then was subjected to steam distillation The dis 
tillate was extracted with ethei and the ether solution was shaken with 
metallic mercury, to remove sulfur, etc The ether solution, always 
yellow or brown at this stage, was dried and further concentrated and 
fractionated tn vacuo 

From 1000 liters of unne the following pure 1 fractions were ob¬ 
tained 

1 In an earlier experiment, not making use of all the refinements of the above 
method 125 liters of urme were distilled and fractions were taken as follows (A) the 
first 50 liters, (B) the second 50 liters and (C) the remaining distillate The ether ex 
tracts from these distillates were concentrated and treated with anhydrous potassium 
carbonate which of course removed acids but not phenols To (C) was added the 
tarry residues from the distillations (A) and (B), the ether solution of (C) was then 
treated with sodium carbonate to remove acids, and with potassium hydroxide to re- 
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Grams i p 


Grams t p 

(0 

1 31 108 0 30-29 mm 

(1) 

1 1867 100° 31 mm 

(*) 

2 at 108-113° 29 mm 

(2) 

0 5181 100—120° 31 mm 

(3) 

1 66 113-128° 29 mm 

(3) 

0 9575 120-140 0 30 ram 


— 

(4) 

0 2767 140-160° 29 mm 

Total 

5 18 

(5) 

1 0216 160-175° 29 mm 


Total 

3 9606 

Fraction 2 was used most largely 

for 

analysis, though Fraction 3 

gave quite concordant data. 



Calculated for C«H|0 


C, 75 01, H, 8 33, 0, 16 66 

Found 


C, 75 08,H, 8 19,0, 16 73 

Found 


C, 75 01, H, 8 08, O, 16 91 

Found 


C, 74 95,H, 8 26,0, 16 79 


Average, 

C, 75 01,H, 8 18, O, 16 81 

Calculated molecular weight 


96 06 

(With McCoy’s apparatus, boiling point method) 

Found (with ether as the solvent) 


94 90 95 20 

Found (with benzene as the solvent) 


97 90 


Since the most refined methods failed to show the presence of other 
elements, the empirical formula is established as C 6 H 8 0 
The boiling point of urinod is io8° at 28 mm. Its boiling point is esti¬ 
mated to be about 208° at ordinary pressure; however, it cannot be dis- 

move phenols After drying with calcium chloride, the ether solution was concentrated 
and distilled tn vacuo 


Distillate 

Fraction 

Weight 

Temperature 

Pressure 

Color 

A 

I 

O 1767 

105-108° 

32-26 

Brown to red 


2 

0 6097 

lio-lio 5 0 

25-24 

Yellow 

B 

I 

O 1208 

111° 

28 



2 

0 4594 

102-108° 

28 


C 

I 

? 

106-r18° 

32-31 



2 

> 

124-130° 

30 



3 

0 2489 

148-174 0 

30 



4 

0 6205 

179-210° 

30 


Total 


2 2356 





Here phenols, sulfur and probably paraffin contaminated the unnod Analyses of 
these impure fractions, especially of A-2, showed approach to the percentages of com¬ 
position of unnod 

Calculated foi C*H 8 0 C, 75 01, H, 8 33, O, 16 66 

Found C, 69 25, 72 40, 71 30, 69 19, 71 81, 69 13 

Found « H, 8 33, 8 06, 8 01, 8 oi, 8 07, 8 27 

Found N, 7 15, 13 06 18 00 

Found S, 1 61 (333 0 m Canus tube) 

The nitrogen indicated was found to be largely carbon monoxide—urinod decomposing 
with almost explosive violence The trace of sulfur was probably owing to free sulfur. 
Some of these fractions yielded free iodine when treated with mtnc acid, this was 
probably distilled from iodides contained in the urine 
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tilled at ordinary pressure without decomposition. Urinod does not 
solidify in an ordinary freezing mixture. It is a light yellow oil, slightly 
heavier than water. It is soluble in ordinary organic solvents, but is 
insoluble in water. It is very volatile with steam. It has a very pene¬ 
trating, persistent, nauseating odor of urine. A drop of urinod placed 
upon filter paper retained its odor after fifteen months. It is very toxic, 
as will be shown in a following paper. 

Urinod darkens rapidly in direct sunlight, reduces potassium perman¬ 
ganate and ammoniacal silver nitrate in the cold, reacts with Millon’s 
reagent, but not with Fehling’s reagent or an alkaline solution of picric 
acid. With fixed alkalies the odor of urinod is changed to a tcrpene-like 
odor. 

Derivatives of Urinod. 

Nitro Derivatives .—Urinod reacts with concentrated nitric acid with 
explosive violence, with dilute nitric acid its disagreeable odor is quickly 
destroyed. Apparatus containing traces of urinod may be freed from the 
same by mere washing with nitric acid. 

For the preparation of nitro derivatives, cold, dilute nitric acid is added 
to the urinod and the mixture is permitted to stand for a day. Needles or 
brown sticky masses are obtained. After drying on a clay plate and re¬ 
crystallization from hot water, golden needles melting at 78° were ob¬ 
tained. 

Calc for CftHflNaCV C. 38 71, H, 3 22, found C, 3901, H, 3 90 

The dmitro urinod is easily soluble in ether, benzene and chloroform, 
less soluble in water and carbon disulfide. When first formed it was 
probably mixed with an oily mononitro urinod. 

With Semicarbazide .—A mixture of equimolecular quantities of urinod, 
semicarbazide hydrochloride, and sodium acetate in a water-alcohol solu¬ 
tion was heated for several hours under a return condenser. Gradually, 
a granular precipitate formed. From 1 1 g. of urinod (Fractions 1-3), 
o 4 g. of the precipitate was obtained. The crystals were insoluble in all 
organic solvents, practically insoluble in water, but soluble in alkali* 
from which hydrochloric acid slowly precipitated thin; hexagonal leaflets 
melting at 254°. The hot alkali solution gave off ammonia, indicating 
decomposition. 



Calculated for 


Pound. 



C4HuOiN« 

CtHuOiN#. 

I 

II. 

III 

c 

25 II 

24 84 

24 67 

24 50 

24 07 

H 

5 79 

6.77 

5 97 

5 64 

6 43 

0 

25 12 

24 87 




N 

. 43 98 

43 52 

45 69 

46 IO 



Too little evidence is at hand to judge of the nature of this compound 
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except that; (i) it represents a split portion of unnod ; 1 (2) it is a complex 
acidic compound. 

With Hydroxylamine. —When an equimolecular mixture of urinod, hy- 
droxylanune hydrochloride, and sodium acetate m alcohol-water solution, 
was permitted to stand, or was heated to ioo° m a sealed tube, only an oil 
of a modified not unpleasant odor, which did not solidify m a freezing 
mixture, was obtained 

With Bromine . —When unnod was treated either with bromine water 
or with bromine contained m carbon tetrachlonde, hydrobromic acid 
and a dark colored sticky mass were obtained This mass was nearly odor¬ 
less and consisted of at least two compounds (1) a solid soluble in chloro¬ 
form and ether but insoluble in absolute alcohol and melting at about 
rio°, (2) a solid soluble in chloroform, insoluble in ether and not melting 
at 250° Owing to the small quantities on hand these bromo deriva¬ 
tives were not studied further 

The remarkable chemical properties of unnod are shown not only in 
the vigor of reaction with vanous reagents but also in their almost uni¬ 
versal formation of secondary reaction products For instance, w ith bro¬ 
mine, two or more substances are obtamed, with hydroxylamine, no crys- 
tallizable oxime, 2 with phenylhydrazme, no crystallizable hydrazone, with 
semicarbazide, an anomalous compound, with mtnc acid, an oil and a 
small yield of the dimtro denvative, all these chemical properties argue 
for an exceptional formula for unnod 

The Constitution of Urinod. 


The formulas 5 agreeing with the properties of unnod thus far studied 
are as follows 


H< 


Hj 

c/ c \ 


(«) 


HC 




CHi 

I 

c = o 


H, 


V/° 


o' \:h 3 


(« 


H*C 


\/ c 


H, Hi 

(3 Cyclohexane ion) (‘Tetrahydro semtquinone”) 

1 Since Fraction 4 of the urinod distillates did not yield this compound but all 
the lower fractions did, it is evident that the crystalline compound is a product of 
unnod 

5 For peculiar reaction of 2 cyclohexene 1 on with hydroxylamine see Kdtz and 
Grcthe, J prakt (hem 80, 473 They obtained an oxime melting at 75-76° and 
3 hvdrooxyammdtyclohexanonoxime melting at 49-51 0 For oxidizing influences of 
hydroxylamine, see J prakt Chem [2129,497 Ber 19,305,20,614 29,2080 

CHt—CHt 

1 

1 Pentamethylene keten is also a possible foiirula CH a 


CHt—C = CO 
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(1) Urinod is insoluble in hot dilute solutions of hydrochloric and sul¬ 
furic acids, hence it cannot contain a basic (or alcohol-oxygen or ether- 
oxygen) group. 

(2) Unnod is insoluble in dilute solutions of alkalies, hence it cannot 
contain an acidic or phenolic group 

(3) Unnod is optically inactive, hence, if not a racemic mixture, it can¬ 
not contain an asymmetncal carbon atom 

(4) Urmod reacts with bromine contained m carbon tetrabromide, 
giving a strong evolution of hydrogen bromide and a solid bromo deriva¬ 
tive , hence it is a cyclic compound 

(5) Urinod reacts with cold, dilute nitric acid, giving golden 
needles of dimtro-unnod, meltmg at 78° and possessing the formula 
CeHe^Ofi, hence it is a cyclic compound 

(6) Urmod reacts with semicarbazide Forming a compound melting 
at 254 °, hence it is a ketone or an aldehyde 

(7) Unnod reacts with hydroxylamine, phenylhydrazme and h>drogen 
sulfide, foiming derivatives not possessing the charactenstic odor of 
unnod These compounds, though not purified and analvzed, indicate 
the presence of the carbonyl group in unnod 

(8) Unnod is easily oxidized by ammoniacal silver mtraie, also by 
aqueous solutions of potassium permanganate, thus indicating close rela¬ 
tion with hydrobenzene derivatives 

Known compounds possessing the same empincal formula as unnod 
but not agreeing with it m properties are the ethyl and dimethyl furanes, 1 
acetyldimethylacetylene 2 and the following 

CH - C—CH 8 CH,—CH / CH ^ 

| | H,C X ^CH 

(c) H,C id) C-CHO («) | | 

I II HaCv yC-O 

CHj—C =0 CHa—CH x C ' 

H, 

(2 Methyl 2 cyclopentene 1 on) 1 (1 Cvclopentene 1 aldehyde) 4 (2 Cyclohexene 1 on) 

2-Cyclohexene-i-on, 6 with which urinod is assumed to be isomenc, 
also the homologs of the former, differ widely from upnod in properties 

1 Priebs, Ber , 18, 1362 Dietrich and Paal Ber 20, 1085 Fisher and Lavcock, 
Ber , 22, 103, Laycock Chem Nnvs 78,224 Nasini and Carrara Gazz chttn ttal 24, 
278 

* Gnner Ann chtm phys [6] 26, 369 This compound boils at 149-150 0 and 
possesses the formula CHjCOCH, C C CH> 

* Looft Ann 275,372 Ber 27,1538 Bouveault Compt rend 125,1184 This 
compound boils at 157 0 and possesses a sharp aromatic odor 

4 Kekul£, Ann 162, 105 Baeyer and H v Leibig Ber 31, 2107 This com¬ 
pound boils at 172 0 possesses the odor of benzaldehyde and is quite soluble in water 
Its semicarbazone nifelts at 208° 

* Kotz and G6tz Ann 358, 183 Kiitz and Grethe J prakt Chem , 80, 473, Kotz, 
Blendermann, Mahnert and Rosenousch 400, 72, Tshugaer, J prakt Chem, 81, 188. 
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(a) 3-Cydohexene-i-qn (urinod). 

( e ) 2-Cyclohexene-1 -on. 

3-Methyl-2-cyclohexene-1 -on 
3,6-Dimethyl-2-cyclohexene-1 -on 
2 f 3-Dimethyl-2-cyclohexene-1 -on 


Bnpt 

M. p. Mtmicvbaxone 

108 0 at 29 mm. 

254 ° 

63° at 14 mm. 

161 0 

81-85° at 13 mm 


75° at 19 mm 


119 0 at 12 mm 

225° 


The 2-cyclohexene-1-on possesses many properties of a phenol, indeed 
it is supposed to possess the tautomeric from of 1,5-dihydrophenol; 1 
this, like phenol, tetrahydrophenol, 2 and hexahydrophenol, 8 but unlike 
urinod, is soluble in water as well as in alkalies. Thus, since all these 
compounds, as well as the dihydrophenols, are eliminated from the dis¬ 
cussion of the constitution of urinod, only formulas (a) and (6) remain. 

From considerations of the cresols, the diphenols, the monohalogen 
phenols, the monohydroxy anisols and phenetols, etc., it is observed 
that the boiling points of the meta and para compounds are some 10-40° 
higher than the corresponding ortho compounds. By analogy, it may be 
assumed that a compound with the formula (a), with its double bond 
more distant from the oxygen atom than a compound possessing the for¬ 
mula ( e ), would have a higher boiling point. This may be especially true 
of a compound of the formula (b), and thus the high boiling point of urinod 
may be accounted for. 

Some of the terpene ketones may be considered to be homologues of 
urinod. For instance, (/) dihydrocarvone 4 is 2-methyl-5-isopropyl-urinod, 
while (g) terpenone, 5 ( h ) earvenone 8 and (t) 3-terpene-5-on 7 are methyl- 
isopropyl homologues of Kotz's 2-cyclohexene-1-on. 


CH --CH 


CHi—CH 

I II 


(/) C,H 7 CH HC CH, 


(g) c,h 7 ch c.ch, 


CH,—CO 
CH,—CH, 


CH,—CO 
CH,—CH 


(h) C,H 7 C HC.CH, 

II I 


( i) CHj.CH C.C,H 7 


CH —CO CHr-CO , 

1 Kbtz, etc., Ann , 400, 72 The 3,6-dimethyl-2-cydohexcne-i-on is dcscrifcn^iks, 
possessing a pleasant menthone-likc odor, ' * 

* Baeyer, Ann , 278, 97. This compound boils at 166 c and is quite soluble in water. 

* Baeyer, Ann , 278, 97; Markownikow, Ibid , 302, 20 This compound boils at 
161 0 and is soluble in 28 volumes of water 

4 Wallach, Ann , 275, 115; 279, 378; 300, 290. 313, 368, 314, 164; Brfchl, Ber., 32, 
1223. * , , 

1 Baeyer, Ber., 29, 35 J* < 

* Wallach, Ann., 277, 122; 286, 130, 287, 381; 305, 270, Baeyer, Ber., 27, 1921; 
28, 1592; Tiemann iftid Semmler, Ber., 31, 2889 

T Wallach, Ann , 305, 272; Baeyer, Ber, 28, 1587; Kremers, Am Chem J., 

395 ; *8, 762. 
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A comparison of boiling points: 

(a) 3-Cyclohexene-1 -on (urinod) 

(b) 2-Cyclohexene-1-on 
(/) Dihydrocarvone 

(g) Tcrpenone 

(h) Carvenone 

(*) 3-Terpene-5-on 


108 0 at 28 mm 
63° at 14 mm 
104° at 18 mm 

112 0 at 14 mm 
97 0 at 12 mm 


222 0 at 760 mm 
235 0 at 760 mm 
236° at 747 mm 
208 0 at 760 mm 


shows that some of the homologs of ( e ) are higher boiling than dihydro¬ 
carvone, the homologue of urinod. Of course, the establishment of the 
constitution of some of these formulas is doubtful, so that conclusions 
drawn therefrom as to the relative boiling points of (a) and (<?) cannot be 
final. 

That urinod may possess the exceptional formulas ( b ) gathers support 
from consideration of its characteristic toxic properties and its odor— 
the isocyanides and other bivalent 1 carbon compounds being both toxic 
and malodorous 

It is of special interest to study the properties of urinod in connection 
with other closely related compounds, such as quinone and tetrahydro- 
benzaldehyde. 

(1) Urinod, quinone, dihydrocarvone, and 3-tetrahydrobenzaldehyde 1 
all possess similar solubilities, strong odors and closely related structural 
formulas, compare (a) and (/) with the following: 

CO—CH CH ~ CH 


(j) HC CH (k) H S C CH, 

!! I II 

CH—CO CH.-CHCHO 

(2) Urinod and quinone are both yellow in color and darken on stand¬ 
ing in sunlight. 

(3) Both urinod and 3-tetrahydro-benzaldehyde polymerize readily. 

(4) Urinod, dihydoearvone and tetrahydro-benzaldehyde are extremely 
easily oxidized—a general property of reduced benzene compounds. 

Unnod Occurs in the Conjugated Form. 

That urinod does not occur free in fresh, normal urine is concluded 
from consideration of the following evidence 

(1) The odor of freshly voided urine is not pleasant, 7. e. f in such urine 
the odor of urinod itself is absent, or is present only as a trace, that is its 
conjugated form is not unpleasantly evident to the sense of smell. 

(2) Fermentation, or treatment with hydrolyzing agents, develops 

1 Sec the views of Nef, Ann , 280, 303, 287, 274, 298, 202, also see Wade, J 
Chem Sor , 81, 1596, Lawrie, Am Chem J , 36, 487 

* Sobecki, Ber , 43, 1040 The odor is described as extremely unpleasant, suggestive 
of benzaldehyde and isovaleric aldehyde Compare with hexahydrobenzaldehyde, 
Frezouls, Compt rend , 154, 707 
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very unpleasant odors, which, though composite, as will be shown, are 
easily recognized as containing urinod. 

(3) Urinod itself is very toxic, as will be shown, hence for physiological 
reasons, it must be transformed to the innocuous, conjugated form to be 
eliminated. 

(4) Urinod is easily volatile with steam, but each fraction of distillate 
from urine and even the heated residue gives off the odor of urinod, hence 
not only is its formation by hydrolysis difficult, but, a priori , it must exist 
in'the conjugated form. 

(5) This conclusion gains further support from consideration of many 
of the other substances in urine, which are shown to be in the conjugated 
form. For instance, ammonia is conjugated in urea; urea, in uric acid 
and other purine bases; benzoic and phenylacetic acid, in hippuric and 
phenylaceturic acids; phenol, p-cresol, other phenols, indol, skatol, etc., 
in sulfonates and glycuronates. 1 

The Odor of Urine. 

/The odor of urine, though largely caused by urinod, is blended with 
basic, acidic, phenolic and other neutral compounds, under different con¬ 
ditions of alkalinity, acidity and neutrality. Since urinod is not found 
in fresh urine in the free state, its offensive odor is not developed unless 
urine is permitted to ferment, is evaporated or ignited, is treated with 
acids or alkalies, or is secreted under pathological conditions. 

The odors of fresh urines, evaporating urines, fermenting urines, dis¬ 
tillates from alkali-treated urines, distillates from acid-treated urines and 
even different fractions of the latter two, all possess the characteristic 
odor of urinod but are quite readily distinguished by the sense of smell, 
for the reason that secondary odoriferous substances also are present. 

Fresh urine possesses only a slight odor, which probably is caused by 
the conjugated form of urinod or by its partial splitting into urinod. 

Urines, while being evaporated and ignited, probably possess the odors 
of urinod, conjugated urinod, indol, the lower fatty acids, phenols and. 
other undetermined substances. 

Fermenting urines probably possess the odors of urinod, ammonia, 
ammonium sulfide, indol and phenols.' 

Urines treated with alkalies probably possess the odors of ammonia, 
alkylamines, indol, phenols and urinod. 

Urines treated with acids, as was shown in the previous paper, possess 
the odors of 0 a great variety of volatile substances, but especially the 
odors of urinod, the lower fatty acids and the simple phenols. 

Since urea and other urinary compounds occur in small quantities in 

1 For comprehensive experiments on alicyclic compounds in combination with 
glyeuronic acid in urine, see Hkmalainen, Skand. arch. Physiol., 37, X41; see also 
Levy, Biochcm Z , 3, 314 on the conjugation of glyeuronic acid with optical antipodes. 
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perspiration, and since in cases of obstructed excretion of urine they occur 
in larger quantities in perspiration, it may be concluded that the conju¬ 
gated form of urinod or urinod itself may also be excreted by the skin. 
That such is the case is quite evident to one familiar with the odor of 
pure urinod. Indeed this body odor may also be a large factor in the com¬ 
posite odor of ill-ventilated, occupied rooms. 

The Use of Antiseptics in Urinals. 

The various preparations for urinals can have only three uses: 

(1) Destructive effects upon bacteria. 

(2) Destructive effects upon urmiferous odors. 

(3) Solvent effects upon earthy phosphates, etc. 

As was shown in a previous paper, 1 most preservatives for urine have only 
partial inhibitory power, unless applied in quite concentrated solutions. 
It is doubtful whether the quality or the quantity of the antiseptics ordi¬ 
narily applied in urinals have any meritorious bactericidal effects. 

The most important odor-imparting substances of urine are ammonia, 
phenols, aliphatic acids, indol and urinod. Since all these substances, 
except urinod and indol, are soluble in water, intermittent flushing of 
urinals with water will remove all but traces of urinod and ind* *1. 

Since urinod, the most ill-smelling substance of urine, is easily acted 
upon by free halogen to form inodorous derivatives, the use of bleaching 
powder in urinals has scientific basis. The use of naphthalene, other 
hydrocarbons, and phenols, with which urinod is not chemically reactive, 
can have no justification beyond their feeble antiseptic effects. These 
and many other commercial preparations may mask but not destroy the 
odor of urinod. 

Oxidizing reagents, such as bleaching powder, the halogens, nitric acid, 
the oxides of nitrogen, permanganate solutions, etc., speedily destroy 
urinod. Of course, bleaching powder, the halogens and the higher oxides 
of nitrogen themselves possess disagreeable pdors and, therefore, are ob¬ 
jectionable reagents for urinals. 

Because df its insolubility in water and ordinary cleansing materials, 
urinod is removed with difficulty from the hands of the worker in the 
laboratory. This property of urinod accounts for the failure to remove 
odor of urine from lavatories by ordinary methods of cleansing. 

Strunk 2 made extensive investigations of oils for urinals and concluded 
that they consist chiefly of creosote oils and petroleum. Such oils, having 
weak disinfecting power, act chiefly as deodorizers and cleansing agents. 
They cannot, however, have chemical effects upon urinod and their sol¬ 
vent effects upon it hardly justifies their use. 

1 This Journal, 36, 409 (1914). 

* Verdff, Geb. Milit&r-sanikLtswes 45; Arch, hyg., Chem. UntersuchungssUUen , 
IV, 31 (1911); Apoth. Ztg , a6, 146, 156, 167; C. A , 5, 2681. 



It is concluded from our studies that frequent use of water for flushing 
purposes in urinals and the occasional application of dilute nitric acid as 
a washing material is effective not only for destroying the urinod but also 
for dissolving earthy phosphates and other precipitated materials. 

The Physiological Significance of Urinod. 

For the reason that urinod is found at day or night in all normal or 
pathological urines, like yrea, uric acid, creatinine, etc., it must bear some 
constant relation to metabolism. From evidence at hand, the relation 
of urinod to the body functions remains purely speculative or unknown. 

It is our purpose to make a systematic search for the tissues originating 
urinod and to determine whether it is an absorption product of intestinal 
putrefaction or it is a waste product of metabolism. These and furthei 
studies of the chemical properties of urinod are reserved. 

Summary. 

(1) A neutral ill-smelling substance, with empirical formula, CcHsO, 
has been separated from urine. Its structural formula probably is 3-cyclo¬ 
hexene-1-on. It occurs in urine in the conjugated form and is set free 
by fermentation and the decomposing effect of dilute sulfuric acid. 

(2) It is a most characteristically smelling compound and seems to be 
•excreted in all samples of urine. 

(3) Its relation to metabolism, though apparently constant, is at pres¬ 
ent unknown. 

(4) It is very toxic and may bear some relation to uremia. 

SSATTLB. WABH 

SOME OBSERVATIONS ON THE EXCRETION OF CREATININE 

BY WOMEN. 

Bv Mary Huu. 

Received July 7. 1914 

The following observations are submitted as a contribution to the ques¬ 
tion of the extent of creatinine elimination under varying conditions. 
The relations in general have been studied by several writers, especially 
by Folin 1 and by van Hoogenhuyze and Verploegh,* while the points 
to be covered here are concerned with only one phase of the subject, 
viz., the extent of creatinine excretion in a group of women in normal 
health with a normal diet. The long papers of van Hoogenhuyze and 
Verploegh contain a mass of data throwing light on the relation of the 
excretion to certain diets, and also the course of the excretion in pathological 
conditions, especially in high fevers. But the subjects of the observations 
were men, in the normal cases, at least, and the question of the relations 
1 Folin. Hamtnersten’s Festschrift and other contributions, largely Journal of Bio¬ 
logical Chemistry. 

* van Hoogenhuyze and Verploegh, Z. Physiol. Chem., 46, 415 (1905), 57, 161 
(1908). 



OBSERVATIONS ON EXCRETION OF CREATININE BV WOMEN* 2147 


in women is not touched upon. The daily output of creatinine is closely 
related to body weight, but more especially to the weight of the muscular 
portion of the body and its activities. 

In the course of some other studies in this laboratory an opportunity 
was presented to make some observations on the excretion of women and 
the results of these observations are here given. While the creatinine 
output was the most important factor considered, the nitrogen excretion 
in other directions was also considered. The subjects of the studies were 
a group of women nurses in the Wesley Memorial Hospital, associated 
with Northwestern University Medical School. The women were all 
in normal health and consumed a moderate diet, the extent of the pro¬ 
tein content of which is suggested by the figures given below. The 
height and weights of the women are given in this table. 

Table I. 


No 

Height 

Weight 

I 

5 ft 0 in. 

47 1 kg 

2 

5 " 9 

77 O 

3 

5 “ 5 " 

62 5 " 

4 

5 ** 5 5 “ 

62 1 “ 

5 

5 “ 7 . 7 " 

65 7 “ 

6 

5*3 

47 7 


No. i appeared small and plump; No. 2, tall and heavy, without ap¬ 
pearing fat. No. 3, who weighed less than 2, gave the impression of fat 
rather than muscle weight. No. 4, with nearly the same height and weight 
as 3, appeared relatively slight. No. 5 was tall and spare, while No. 6 
appeared small, thin and wiry. 

The urine samples were collected in 24-hour portions from 7 a.m. to 
7 a.m. and preserved by toluene. The volume, reaction and specific 
gravity were observed on each day’s excretion. The ammonia and crea¬ 
tinine nitrogen fractions were determined each day, and composites, 
for analysis, were made of the excretions for 6 days. For each subject 
four such composites were made, that is, each woman was under observa¬ 
tion through one month, with the exceptions noted. r The nitrogen de¬ 
terminations were made by the usual standard methods, and in particular 
the urea nitrogen by the Benedict method and the creatinine nitrogen 
by the Folin method by the aid of a Duboscq colorimeter. 

The numerical results obtained are shown in Table II. 

In general the values for the nitrogen distribution show nothing unusual 
except in the relation of the creatinine to the ammonia nitrogen. The 
latter runs about as might be expected but is, in the mean, higher than the 
creatinine in percentage distribution because this seems to be somewhat 
low. The creatinine relations are best shown in Table III where 
the average values for each woman for the whole period are given: 
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TABLE III. 


Subject 

Weight 

Creatinine 

Creatinine 

No. 

Xuoe 

Grams per day 

Mg per kilo 

1 

47 I 

O 705 

14 97 

2 

77 0 

0 886 

II 51 

3 

62 5 

0 768 

12 28 

4 

62 1 

0 816 

13 12 

5 

65 7 

0 820 

12 48 

6 

47 7 

0 674 

13 92 


It will be seen at a glance that these amounts of creatinine, in terms of 
milligrams per kilogram of body weight, are lower than are usually re¬ 
ported, and much lower than the average for men. In the lengthy ob¬ 
servations cited by Hoogenhuyze and Verploegh the creatinine excretion 
varied between about 27 and 31.5 milligrams per kilo of body weight 
daily, in the earlier series of expenments, and between 22 7 and 26.6 
milligrams in the later series. 

In several extended series of investigations carried out in this labora¬ 
tory by Professor J. H. bong, on male medical students under definitely 
controlled conditions of diet, the daily excretion was found to be much 
higher. In one of these series 1 the means for six men, 120 determinations 
m each case were, 

Table IV 


Wts of subjects 

Creatinine excretion 

Kilos 

Mg per kilo, daily 

82 7 

21 56 

69 4 

24 6l 

58 2 

27 83 

60 6 

24 95 

69 9 

26 28 

69 5 

25 27 


In other series of observations, not yet published, the creatinine values 
-are somewhat lower, but very much higher than found in the case of the 
women 

It must be recognized that in the employment of the subjects we may 
find a partial explanation of the apparent anomaly. As nurses, their 
work was wholly indoors with exercise and other muscular exertion deficient. 
While the highest gross weight of creatinine excreted is found in Subject 
No. 2, whose body weight is the highest the milligram per kilo excretion 
is the lowest. The heavy body weight is not due to apparent fat, but to 
bone and muscle, with the former evidently in excess. In the cases of 
the other women there is no apparent relation between body structure 
and creatine excretion. 

While this work was in progress another case presented itself in the 
person of a corpulent woman employed in the same hospital as helper in 
the pantry. Her work was wholly indoors and not such as to occasion 
1 See Long and Gephart, This Journal, 34, 1229 (1912) 
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much exertion. Her diet was ample, but the water consumption was 
very low. For some fancied reason as to ill effects on digestion this woman 
drank beer more commonly than water. Her urine was collected and 
analyzed on six consecutive days, with the following data: 


Body weight 

Table V 

95 6 kilos 


Height 

5 ft 5 in 


Mean urine vol 

567 cc 


Specific gravity 

. 1 029 


Total N g 

9 38 


Urea N, g 

7 53 


Ammonia N, g 

0 473 


Creatinine N, g 

0 246 

Creatinine 

Uric acid N, g 

0 132 


Creatinine, mg per kilo 

6 91 



Perhaps no great importance can be attached to this very low value 
because the woman's condition was in a sense abnormal, and especially 
in the lack of proper physical exercise. But in the following figures 
we have the results of the analyses of the urine of three women who lived 
at home and whose daily life embraced a normal routine of work and rest, 
with a moderate normal mixed diet. The results given are the means for 
the excretion of six consecutive days. 

Table VI 


Subject 

A 

B 

C 

Weight 

62 1 kg 

53 5 kg 

74 3 kg 

Vol unne 

953 CC 

1283 cc 

662 cc 

Sp gr 

I 024 

1 015 

1 028 

Total N 

8 20 g 

7 20 g 

7 25 K 

UreaN 

6 82 83 2% 

6 03 83 7 c /( 

5 9 i 81 4 c /r 

Am N 

0 312 38 

0 319 45 

0 426 55 

Creat N 

0 282 35 

0 265 37 

0 289 4 0 

Ur acid N 

0 169 1 9 

0 154 2 2 

0 118 16 

Rest N 

0 63 76 

0 430 5 9 

0 310 6 7 

Creatinine 

0 759 

0 712 

0 772 

Mg per kilo 

12 22 

13 31 

10 46 

Here, as in the other cases, we find a low creatinine excretion, when ex- 


pressed in terms of body weight. Subjects A and B were women of mod-* 
erate weight and structure, C with a height of 5 feet 5 inches, was relatively 
fat. The low unne volume is to be noted in this case. To check increas¬ 
ing weight the subject has lived on a somewhat restricted diet for years. 

Taking all the figures into consideration, it is evident that the subjects 
studied exhibit a low creatinine excretion in comparison with the usual 
values as found for men. To determine whether this is true in general 
with women would call for long observations on other groups. These 
observations are offered as suggestive of an interesting question. There 
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is no peculiarity in the distribution of other nitrogen factors and no reason 
is apparent why there should be. In the case of the creatinine we have 
the fact of lower muscular structure and lower muscular tone to possibly 
account for the observed findings. 

This series of observations was made at the suggestion of Prof. J. H. 
Long in the summer of 1913. 

Northwbbtbrn University Medical Schooi 
Chicago, III 

A COMPARISON OF METHODS FOR THE DETERMINATION 
OF THE PROTEOLYTIC ACTIVITY OF PANCREAS 
PREPARATIONS. 

By J H Long and A W Barton 
Received July 7, 1914 

In recent years many suggestions have been made as to methods for 
finding the tryptic power of various pancreas preparations, but these 
still leave the problem of a generally definite method far from solution 

For a long time the classic Kuchne method was held in esteem as a 
standard for the comparison of other procedures and it still has its uses 
Often egg albumin has been employed instead, but its digestion, as com 
pared with the fibrin of the Kuehne scheme, is so slow that practically 
it is much less suitable as a substratum. The mistake of employing raw 
egg has often been made, although it is known that trypsin has but little 
action on other than denatured pioteins It was recently pointed out 
by one of us 1 that many of the results reported by Wroblewski, Bednarski 
and Wojczynski 2 are rendered meaningless by this use of raw egg in the 
estimation of tryptic activity. In some cases this resistance to digestion 
seems to be due to the presence of the so-called antitrypsin in the native 
protein solution. That this is the case with serum has been shown by 
several authors, for example by Oppenheimer and Aron, } but the structure 
of the native protein itself is a strong factor, and possibly the strongest 
one*, in the case of raw egg In any e^ent uncooked egg can not be well 
used to show tryptic activity. 

While shreds of fibrin are well adapted for the purpose of a qualitative 
test of the proteolytic power of pancreas extracts, there are many diffi¬ 
culties in the way of successful use in quantitative comparisons. Some 
of these difficulties are inherent in the use of a solid substance which can not 
be acted on uniformly by the digesting medium. The rapidity of digestion 
will depend on the degree of comminution of the fibrin and on the frequency 
of shaking the test vessels. 

An equally important objection to fibrin is usually overlooked and it is 
not clearly stated in the literature. It is this, that even after the most 

1 Long and Johnson, This Journal, 35, 1194 (* 9 * 3 ) 

* Bettr chem Phystol und Path , 1, 288 (1902) 

* Ibid , 4, 279 (1904). 
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careful purification fibrin retains the peculiar ferment which brings about,, 
more or less rapidly, the phenomenon described as fibrinolysis, resulting" 
in the gradual solution of the fibrin. This fact, long known, does not 
appear to have been sufficiently considered where fibrin has been used. 
Fibrin kept in glycerol, as often recommended, changes in a few days at 
the ordinary temperature; indeed, a weight of a hundred grams or more 
in glycerol may become quite liquid in ten days or two weeks. Even 
where the water is removed as far as possible by glycerol and the chopped 
mass is pressed dry and treated with toluene, autolysis still takes place 
in time, as pointed out by one of us 1 before. For satisfactory quantitative 
comparisons it is essential that the fibrin be practically fresh. 

The uncertainty in the employment of solid substance is avoided by 
the use of normal milk, as originally suggested by Roberts 2 in his studies 
on pancreatic ferments. The Roberts method is based on the observa¬ 
tion of the so-called metacasein reaction. Ordinary milk does not co¬ 
agulate on boiling, but if its casein be modified in a certain way, coagula¬ 
tion on boiling follows readily. The modified product was called meta¬ 
casein by Roberts and is similar to the caseogen of Arthus and Pagds r 
and the paracasein of other authors, in the first stages of their production. 
In a given small .quantity of milk the coagulation on boiling is not ob¬ 
served until the whole of the casein has been converted to this stage. The 
value of the test depends on this point. By longer digestion the reaction 
disappears, because the casein is converted further into true derivatives. 
The unit of measurement in the test is the number of milligrams of milk 
converted to give the metacasein reaction in five minutes by i milligram 
of the ferment. 

It will be recognized at once'that there are certain weighty objections, 
to this as a quantitative test. Roberts seemed to regard the composition 
of market milk as sufficiently uniform for the purpose, but this can not be 
the case. The casein content of milk is, of course, variable where the 
product of individual cows is considered, but the value for mixed market 
milk has been assumed to be pretty constant, with the casein about 3%. 
We are inclined to think that the average casein content of the mixed 
milk delivered in our cities is lower than it was some years ago. Under 
city ordinances relating to milk the fat is made the most important con' 
stituent and in consequence cows are selected and fed for fat production. 
In our experiments the average casein content of the milk used was about 
2.5% and a change in this would naturally make a change in the amount 
of ferment required to complete the test. This will be discussed 
below. 

Retaining a casein solution as the substratum for digestion, and aiming 

1 hong and Johnson, loc. cit. 

* Sir William Roberts, M.D., F.R.S., Proc. Roy . Soc. ( London ), 32,14$ (1881). 
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at greater precision to be secured by employing a definite substance, Gross 1 
rAmmrnrirri a weak solution of sodium caseinate. Small constant vol¬ 
umes of such a solution are mixed with gradually diminishing volumes of 
the dilute tryptic solution and incubated an hour at 38° (or 40°). At 
the end of the time the test tubes containing the mixtures are removed 
from the bath and treated with 3 drops of a very weak acid solution, 
which produces a precipitate in the tubes in which the digestion has not 
reached the proper stage. As the reaction is sharp it is possible to recog¬ 
nize at once the tube in which the digestion just fails to be complete. A 
convenient number of steps in the dilutions must be chosen to give close 
results. The object of the test is to determine how many cubic centimeters 
of the casein solution may be digested by 2 cc. of the ferment solution 
in the unit of time, here 1 hour. A better measure, when dealing with 
solid ferments, is to find the number of milligrams of casein changed by 
1 mg. of the ferment to the point where no precipitate is formed, in the 
unit of time. The tryptic activity varies inversely as the weight of fer¬ 
ment required and the time. 

In place of making the dilutions with water, which has a destructive 
action on the strongest ferments free from excess of salts, we have ex¬ 
perimented with the use of a phosphate mixture to preserve a constant 
low hydroxyl content but little above neutrality, as will be explained below. 

In addition to these three general schemes we have carried out, with the 
six ferments employed, a series of tests with the formaldehyde titration 
as worked out by Sdrensen and colleagues. Here again we employed 
casein dissolved in the right amount of sodium hydroxide as the sub¬ 
stratum and after digestion through definite periods, titrated, after the 
addition of the formaldehyde, to measure the amino adds formed. For 
the purposes of quantitative comparisons we have not thought it desirable 
to follow out the optical method, in which the measure of digestion is 
preferably the change in rotation in some artificial polypeptide, or certain 
other methods in which the liberation of tyrosine from one of its simple 
polypeptides is the measure of the digestive activity. For the practical 
purpose in view, the methods referred to give the most direct and easily 
followed results. 

Trypsin is employed at the present time not only in the course of scien¬ 
tific research but also as an agent of protein digestion on the large scale, 
and as a remedy in the experimental study of disease, or in the routine 
treatment of various disorders. It is produced as a commercial product 
by many firms and some of the products obtained are stronger than any 
w hich the ordinary laboratory worker is likely to be able to prepare him¬ 
self. Some standards for the valuation or comparison of these 14 trypsins” 

1 Arch. exp. Path, und Pharm 58, 57 (1906). This work is based on the method 
°f pepsin digestion suggested by Fuld, where edestin was used as the substratum. 
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or “panertatino * is desirable, weach manufacturer makes kisown 
ment of value in terms which are sometimes. vague and not transbflu* 
into othfer terms. 

In the investigations of the Council on Pharmacy and Chemistry of 
the American Medical Association the question of the comparison of these 
standards has come up more than once and the present study is the result 
of an effort to throw some light on these points. 1 The plan of our study 
has been this: We have made tests with six well-known American com¬ 
mercial brands of trypsins, representing strong as well as relatively weak 
preparations, and have compared their activity by the four methods 
outlined above. The important details of the tests will now be given. 

The Roberts Metacasein Reaction. 

It is not a difficult matter to secure uniform and consistent re¬ 
sults by this test, which is carried out practically as follows: 50 
cc. of fresh milk are diluted to 100 cc. with water, the ferment 
solution to be added later making part of the final volume. A num¬ 
ber of flasks are prepared with the milk and the right amount of 
water added. The smaller ferment volumes are placed, in test tubes, 
and flasks and tubes are warmed to 40° in a thermostat. When the 
temperatures are constant the contents of the tubes are poured into the' 
proper flasks and the liquids mixed by shaking. At the end of each minute 
a 5 cc. portion is withdrawn from each flask and quickly boiled. If 
a coagulation occurs at the end of four to six minutes with one of the 
dilutions, the result with this flask is regarded as a close approximation 
to the proper value and a second test is made with dilutions which should 
give the end point in ah interval very near to 5 minutes. Roberts showed 
that for time intervals nearly the same the inverse relation between time 
and strength holds, as in many similar reactions. In other words, if it 
is found that 5.1 mg. of the ferment is sufficient to bring about the reaction 
in 4.5 minutes, 4.41 mg. will do it in 5 minutes. The dilution to 100 cc. 
was always observed. 

from several dairies were used in the course of the investigation 
and ill different trials the casein content was found to be about 2.5% 
by the Van Slyke-Bos worth titration. The following figures show some 
typical results obtained on different days with milk from one dealer: 

Four samples of milk of 30 cc. each gave 2.5, 2.5, 2.4, 2.6% casein and 4.1,4.x* 
3.9, 4^ mg. of ferment, respectively. 

In the mean, a trifle over 4 mg. of the active ferment was required to bring 
about the reaction. The results are not always as close as the above 

1 This investigation has been made with the assistance of a grant from the Com* 
mittee oh Therapeutic Research of the Council on Pharmacy and Chemistry of the 
American .Medical Association. 
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and it is almost always necessary to have two persons to make the tests 
so as to make the boilings at the right instant of time. 

In a preliminary series of tests with a product which we will call Trypsin 
A, made up to a dilution of 2 mg. to 1 cc., we found these results, which 
(l e illustrative of many others : 

Mg of ferment added: 60 50 42 41 40 

Time of onset of reaction (min.) .3 4 455055 

Mg. for 5 minutes calculated: 3.6 4.0 3.8 41 44 Mean. 4 o 

In general, values like the first are rejected and new tests made. A 
large number of tests were made with this same trypsin on milks obtained 
on different days from the same dairy. From 3.8 to 4.1 mg. of the fer¬ 
ment were required to produce the metacasein reaction in 5 minutes, 
the mean value being 4.0 mg. This will be used in the comparisons 
below. It was found that with other milks more of the ferment was re¬ 
quired as the content of casein ran up to about 2.8%. This is a point 
which every one working with the test will have to observe. 

As a further illustration of the degree of uniformity which may be 
expected in the working of the test the following series is given, a product 
which we mark Trypsin B being used. Two dilutions were employed, 
in one 200 mg. to 100 cc. and in the second, 600 mg. to 100 cc. The fol¬ 
lowing table shows the results of the trials: 


Mg of ferment added 

12 

12 

15 15 8 

15 

8 

16 

16 

17 

Time to onset of react, (min.) 

6 0 

6 25 

4 75 5 0 

5 

0 

4 5 

4 5 

4 <> 

Mg for 5 minutes, calc. 

14 4 

*5 0 

14 3 J 5 8 

IS 

8 

14 4 

14 4 

13 6 


Mean. 14 7 

It will not be necessary to give the details of the other experiments as 
they showed about the same variations as above. By repeating them 
and taking mean values the results given below were obtained. The means 
for all of the samples are here tabulated: 

Name of sample- Trypsin A, B, Ci, Cn; Pancreatin D. E, F 

Mg. for 5 minutes calc.. 4 o 14 7 27 3 24 3 32 9 35 8 47 3 

Trypsins C x and C n were different preparations from the same manu¬ 
facturer of which C n was the fresher. In the comparisons below, it 
alone will be used. In this preparation dilutions of 700 mg. to 100 cc. 
were made, while with numbers D, E and F the favorable dilutions were 
found to be 0.870, 1.5 and 1.7 g. in 100 cc., respectively. These dilutions 
were not found at once but only after a number of trials with different 
strengths and with different samples of milk. It will be seen that the 
weakest product has less than one-tenth the strength of the strongest, 
, The values given present a fair picture of the behavior of the better 
grades of such preparations available in this country. All these samples 
have some amylolytic as well as proteolytic activity but are practically 
devoid of action on fats. A considerable number of other preparations 
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examined were found to be weaker than these, but need not be discussed 
here because no new principle is involved in the experience gained with 
them. 

The probable reason for the variations in the individual series is found 
in the character of the products used. These are not soluble extracfee 
but more or less insoluble powders which are brought into solution as well 
as possible by rubbing up in a mortar with successive portions of water. 
Even with this treatment we can not be certain that all of the true enzyme 
has left the solid and gone into solution. Heat can not be applied in the 
making of the solutions and they must be made fresh, as loss of strength 
always follows in dilute aqueous solution on standing. The variations 
from possible changes in casein content of the milk must not be lost sight of. 

But this variation in the casein content has not the effect calculated 
if there is a variation in the dilution at the same time. A change in the 
dilution changes the concentration of the enzyme with reference to the 
casein, and this is an important point. Changes in the dilution give some¬ 
what perplexing results. All the above values are based on trials with 
milk containing almost exactly 3% of fat as well as the uniform casein 
content mentioned. It has been recently shown that increase in the fat 
of milk increases the time required in the ordinary rennet coagulation, 1 
and it is probable that the above reaction would be affected in the same 
way. Roberts found that the time of digestion to produce the metacaseim 
reaction is increased greatly by dilution, and stated that if the reaction 
is secured with 50 cc. of milk, undiluted, in three minutes, the same milk 
diluted with an equal volume of water would require six minutes. In 
other words, the rapidity of formation of metacasein is proportional to 
the concentration of the ferment. 

In a long series of tests we found this relation to hold only approxi¬ 
mately, but as the point was not a necessary part of the present enquiry 
we have not followed it to a definite conclusion. For our purpose it was 
thought better to make all the comparisons under the constant dilutions, 
as given. 

It must be kept in mind that the time given, in the practical application 
of the test, is the very beginning of the reaction, or onset, as Roberts 
called it. By long digestion the phenomenon disappears because of the 
formation jrf soluble products without the coagulating property of casein. 
Some little uncertainty naturally obtains in detecting just the right point of 
the onset of the coagulation, and this uncertainty can be overcome only by 
considerable practice with the method. 

The following table shows the mean results of the above experiments, 
arranged in the oiHr of ferment strength and with the use of the Roberts 
1 Kreidcl and Lenkflfa Bfockem. Z. t 63, iji (19x4). 
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umit, the parts of milk converted by one part of the enzyme. The gram 
and cubic centimeter are here taken as equivalent. 


Number. A, 

B, 

C, 

D. 

E, 

F. 

Mg of ferment for 50 cc. of milk : 4 0 

H 7 

24 3 

32.0 

c* 

00 

47 3 

Digestion units- 12500 

3400 

2050 

1520 

1480 

1060 


The values in the last line will be used for the comparisons to follow. 

The Sodium Caseinate Digestion, Fuld-Gross Method. 

The strength of casein solution usually recommended for this method 
is 1 mg. to i cc., that is, 0.1%. Of this solution 2 cc. or 2 mg. of casein 
are to be used in each test, that is, this amount is to be added to each of 
a series of test tubes along with the various dilutions of the ferment solu¬ 
tion to be incubated for each trial. While this weak casein solution is 
satisfactory for very weak enzymes it is not as convenient for strong solu¬ 
tions, and the practice of this laboratory has been to employ a solution 
of double the strength with three times the volume, that is to use 12 mg. 
of casein in 6 cc. in place of 2 mg. The ferment is made up in solutions 
► of various strengths, in some cases as low as 0.05 mg. to 1 cc. 

.series of tubes are charged with 6 cc. of the casein solution, 
made as described below, and warmed to 40 0 in the bath. In other tubes 
the dilutions of the ferment are poured and each of these small volumes 
is made up to 4 cc. and also warmed to 40°. Then the dilutions in series 
are poured into the properly labeled casein tubes, which are shaken and 
digested for 1 hr. at 4b 0 . At the end of the time the tubes are taken from 
the bath and immediately treated with 3 drops of the dilute acid, made 
by mixing 1 volume of glacial acetic acid with 50 volumes of alcohol and 
49 volumes of water. Where the required digestion is complete no pre¬ 
cipitate or cloudiness appears, but if digestion is not complete the pres¬ 
ence of the unaltered casein is shown by the formation of a cloud, or even 
a heavy precipitate. In the records to follow, complete digestion is indi¬ 
cated by —, and a precipitate by +, or + + if heavy. A faint cloud indi¬ 
cating nearly complete digestion is shown by =±=. The true end point 
can be estimated by the appearance of this cloud or opalescence. 

We shall not describe the experiments made with the weak solutions 
referred to, but give only those where we used our stronger solution of 
casein. In some preliminary experiments we dissolved 800 mg. of an¬ 
hydrous casein in 50 cc. of water plus 5 cc. of 0.1 N sodium hydroxide. 
The solution was made to 400 cc., of which a volume of 6 cc., representing 
t2 mg., was taken for each test. The ferments were made up in water 
solution with 0.05 mg. to 1 cc. The following results of Table I were ob¬ 
tained in the trials: 
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Table I 


Ferment A 

Ferment B 

Ferment C 

Ferment D 

Ferment B. 

Ferment F 

Cc 

Cc 

Cc 

Cc 

Cc 

Cc 

1 oo-f-f 

1 oo-f 4 * 

I OO+ + 

1 oo-f 4 - 

t oo-f-f 

1 oo-f -f 

150+ 

1 50++ 

2 OO+ + 

1 50++ 

2 oo-f -f 

2 oo-f-f 

1 7 s* 

2 00-f 

3 oo-f 

2 00+ + 

3 oo-f-f 

3 oo-f + 

2 OO— 

2 50+ 

3 50* 

3 00 4 --f 

5 oo-f 

4 oo-f-f 

2 50— 

3 00* 

4 00— 

4 oo-f 

6 00* 

4 50+ 

3 OO — 

3 50— 


4 50 * 

7 OO — 

5 00* 




5 00* 

8 00—- 

5 50— 




5 50— 



Activity, 

Activity, 

Activity, 

Activity, 

Activity, 

Activity, 

1 120-137 

1 70-80 

1 70 

1 43-48 

1 34-40 

1 43-48 


In another series of tests the same casein solution was used but the fer¬ 
ments were made up m the strength of 0.25 mg. to 1 cc. Results, Table II. 


Table II 


Ferment A 

Ferment B 

Ferment C 

Ferment D 

Ferment E. 

Ferment F 

Cc 

Cc 

Cc 

Cc 

Cc 

Cc 

0 10-f 

0 lO-f-f 

O 104-4- 

O 304-4- 

0 304-4- 

O 204-4- 

0 20-f 

0 204* + 

O 2o4-4- 

O 504-4- 

O 504-4- 

0 30-f + 

0 25* 

O 30-f 

0 304-4- 

O 8o-f4- 

0 80 4" -f 

0 504-4- 

0 30* 

0 40-f 

0 404-4- 

I OO* 

1 00 4-4- 

0 8^*f 

0 35* 

O 50* 

0 504- 

I 20* 

1 504- 

1 00 ** 

O 40— 

O 6<0— 

0 60* 

1 20— 

2 oo-f 

1 20— 

0 50— 

O 70— 

0 70— 


2 50— 

3 00— 

1 50— 

Activity, 

Activity, 

Activity, 

Activity, 

Activity, 

Activity, 

1 120-140 

1 80 

1 80 

1 40 

1 - 24 

1 40 


These preliminary trials suggested a better system of dilution which 
jfus arranged in this way. The ferments were dissolved to make solutions 
of 50 mg. t6 100 cc. Of these solutions, 20 cc. were, in each case, diluted 
to make 100 cc., giving as the final strength 0.1 mg. to 1 cc. 

The casein solution was prepared by dissolving 500 mg. of pure, dry 
casein in 50 cc. of water plus 4.5 cc. of 0.1 N sodium hydroxide. When 
solution was complete about 100 cc. more of water was added and then 
22.5 cc of 0.01 N hydrochloric add to neutralize the excess of alkali and 
leave the casern as add salt 1 The volume was then diluted to 250 cc, 
6 cc. of this casein solution was always taken, equivalent to 12 mg. 

The following series of ferment dilutions was followed and for the several 
ferments the parts of the series indicated were used. 

No *12345678 9 10 xi 12 

Vd (cc). 40 36 32 28 2.4 20 16 12 10 08 06 04 

For Ferment A, numbers 6 to 11 or 12, for B, 4 to 10, C, 1 to 8 or 9; D, t to 8, 
B, 1 to 8, F, 1 to^S were used with a few variations, as shown 

The incubations were made as before, 

1 Long, This Journal, 28 , 372 (1908). 
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Table III. 


Ferment A. 

Ferment B 

Ferment C. 

Ferment D. 

Ferment E. 

Ferment F. 

Cc 

Cc 

Cc. 

Cc. 

Cc 

Cc 

0 60-f- 

O 8o4-4- 

I 004-4- 

1 204-4- 

I 204-4- 

1.204-4- 

0 80* 

i oo4-4- 

1.204-4- 

1 6o4- 

I 604-4- 

1 60-j- 

t 00— 

I 20-f- 

I 6o± 

2 00*= 

2 004- 

2 00* 

i 20— 

1.60=*= 

2 00— 

2 40— 

2 404- 

2 40— 

1 60— 

2 OO— 

2 40- 

2 80— 

2 Ro* 

2 80— 

2 00— 

2 40 - 

2 80 - 

3 20— 

3 20— 

3 20 — 


2.80 - 

3.20- 

3 60- 

3 60- 

3-6o— 

Actvity, 

Activity, 

Activity, 

Activity , 

Activity, 

Activity, 

r * 120 

1 * 80 

1 75 

1 60 

r . 40 

1 65 


These results, given in Table III, are slightly different from the pre¬ 
liminary ones, but because of the more careful preparation of the ferment 
solutions, and the better dilutions, they are taken to represent pretty 
closely the right relations. 

The ferment solutions were allowed to stand in a cool place over night, 
protected by toluene. The digesting values were found to be considerably 
diminished in five cases by the 24 hours delay and were now as follows: 

A, 1 to 60; B, 1 to 60, C, 1 to 50, D, 1 to 66; B, 1 to 35; F, 1 to 30. 

The greatest change comes in the most active solution, which is an ex¬ 
perience we have frequently observed in earlier work. With die weaker 
ferments the change is relatively less and in one case there even appears 
to lie a slight gain in activity. This ferment contains the largest amount 
of foreign matter, especially sodium chloride and phosphate, while Fer¬ 
ment A is a practically soluble powder, free from tissue remains and in¬ 
organic substances. 

To test the behavior of phosphate addition, and with the hope of se¬ 
curing a solvent which would give more uniform results than we found 
with water, we made up both the casein solution and the ferment dilu¬ 
tions in a mixture of 4 volumes of molar/100 HNajPO^ and 1 volume 
of molar/100 H2KPO4, of which the hydrogen concentration is about 
(H) = 0.45 X io~ 7 , and the hydroxyl, therefore about (OH) - 1.4 X io“ 7 . 
Tests made in the same manner with this mixture, using a little more 
acid in the precipitation, gave the results shown iu Table IV. 

Table IV. 


Ferment A 

Ferment B 

Ferment C 

Ferment D 

Ferment E 

Ferment F 

Cc. 

Cc 

Cc 

Cc 

Cc 

Cc 

O 404 

0.6o4- 

0.80 4* 

0.8o4- 

I 2 o 4“ 

1.204- 

0 60*= 

0.80*= 

1 00 4- 

1.00 4- 

1 60 4- 

I.6o4- 

0.80— 

I .bo— 

1 20* 

I 20* 

2 00 4* 

2.00* 

I 00— 

1.20— 

1.40— 

I 60— 

2 40* 

2 .40— 

1.20— 

1.60— 

1 60— 

2 OO — 

2 80— 

2.80— 





3 20- 

3.20— 

Activity, 

Activity, 

Activity, 

Activity, 

Activity, 

Activity, 

1 • 200 

1 : 120 

1 : 100 

1 ; 100 

1 : 50 

I . 60 


It will be seen that the phosphate stimulates the stronger and pure* 
enzyme in marked degree but has much less action on the others. This 
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is probably doe to the fact that some of the products, especially C, E 
and F, contain much tissue phosphate. These products resemble pancreas 
powders, rather than tryptic extracts. This behavior suggests a modi¬ 
fication of the usual process when it comes to the examination of purified 
extracts of the pancreas which have been prepared in such a manner as 
to remove the larger part of the salts. On being allowed to stand over 
night, however, all the solutions were apparently weakened, but in uneven 
degree. This behavior would call for detailed study which can not be 
taken up here. For the present purpose we shall make use of the results 
from the water solutions only. 

Digestion and Formaldehyde Titration. 

The formaldehyde titration was carried out on the products ob¬ 
tained by the action of the ferments on relatively strong solutions 
of sodium caseinate, by the general process developed and improved 
by Sdrensen and colleagues. 1 Casein solutions were made by dis¬ 
solving 20 g. of dry casein in 170 cc. of 0.1 N sodium hydroxide 
plus 100 cc. of water. When solution was complete the volume 
was diluted to 500 cc. Portions of 25 cc. plus the amount of ferment 
to be used later were treated with 10 cc. of neutralized formaldehyde 
and titrated with 0.1 N sodium hydroxide and phenolphthalein, running 
to sharp rose red. These results were used in correction of the actual 
titration results later. Portions of 100 cc. of the caseinate solution were 
warmed to 40 0 in flasks. The amount of ferment to be used was rubbed 
up with water and the solution made to 5 cc. in each case. After warming 
to 40° each ferment solution was poured into a volume of the casein solu¬ 
tion and the mixture incubated through 2 hrs. at 40°. At the end of each 
30 minutes one-fourth of each volume, 26.25 cc** was withdrawn, treated 
with 10 cc. of the formaldehyde and phenolphthalein and titrated with 
the alkali. Of Ferment A 50 mg. were added to the 4 g. of casein, while 
of the others 200 mg. were taken. But in the tabulated results the titra¬ 
tion values for A are multiplied by four to bring all to the same basis for 
comparison, as shown below. The figures are already corrected for the 
amount of alkali required in the blank titration, and, as given, measure 
the amount of amino adds liberated or developed by the digestion of 1 g* 
of casein contained in each 25 cc. of original solution through the added 
ferments. 


Cc. of 0.1 N NftOH required for 25 cc. of 
Time. 0 - -•- 


Mis. 

A. 

B. 

C. 

D. 

B. 

F. 

30 

32.0 

10.0 

13.2 

X2.2 

11.7 

xo.o 

60 

38.8 

x6.2 

15.8 

X 5.1 

14.7 

X3.2 

90 

45-* 

*7 *7 

17.2 

17.0 

16.6 

14-4 

190 

' 48.8 

18.7 

18.8 

18.7 

17 7 

13.9 


1 Sorensen, Biochsm. Z., 7, 45 (2907); 25, x (1909); Henriques, Z. physiol. Chur* 
i*» i (1909); HMfetet and Statues, /W., fifc 37 (2916). 
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It will be seen that approximately the same order is observed here as 
in the casein digestion, with Ferment A much stronger than the others, 
and B, C and D’ nearly the same. In the case of A the amino acid libera¬ 
tion indicates a rather advanced degree of digestion. For the purpose 
of comparison, putting the result for A as ioo, we have these values in 
series: 

A ioo, B 38, C 38, D *18, E 36, and F 33. 

For this comparison we have taken the alkali requirement at the end of 
the 2-hour digestion period. The relations for other times are nearly 
the same. 

The Fibrin Digestion. 

Coming finally to the oldest method for comparing tryptic values 
we have the following observations to record: For the reasons already 
suggested it is much more difficult to secure comparable results in 
this way than in any of the later methods suggested. As originally 
described, by the digestion of fibrin the simple solution was usually under¬ 
stood. But the first stage of this solution yields a globulin-like body which 
represents no very advanced condition of digestion. The choice of the, 
right digestion period here, along with the proper weight of substance 
to be digested are important elements in this test. By making the period 
long enough even the weakest products appear to have some value and 
many of the results found in the literature regarding the activity of tryptic 
extracts are based on periods of many hours’ duration or through the night 
in many cases. In our studies we have followed two general schemes. 
In the first we have started with some small, definite amount of prepared 
fibrin, usually 2 g., and have noted the time required to practically digest 
all of it. A few stray flakes are always left, even with the most active 
preparations. In the other case we begin with a larger weight, as 5 g., 
and determine the amount of soluble nitrogen formed in a definite time, 
as three hours or four hours. This nitrogen must be diminished by the 
amount obtained in a blank experiment where the same weight of fibrin 
is taken, with the same alkalinity of reaction, but where the ferment has 
been killed by heat. This plan has been varied by neutralizing the di¬ 
gested mixture with dilute acetic add, boiling and filtering off the neutrali¬ 
zation predpitate. The soluble nitrogen now found by the Kjeldahl 
determination on the filtrate is naturally less. 

Comparing the trypsins by the first scheme we have this result. The 
preparations were taken in amount of 25 mg. in 50 cc. of water, plus 
100 mg. of sodium carbonate, with 2 g. of moist fibrin added to each flask, 
after bringing the temperature in each case up to 40Incubation was 
continued until practically all the fibrin had been digested, which re¬ 
quired the following times, in minutes, in different experiments: 

A 8 to 15 minutes, B 13 to 25, C 50 to 70, D 75 to 100, B 160 to 180, F 140 to |6o. 
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There is, therefore, a very great difference between the different products 
when measured in this way, and the findings vary with the degree of dis¬ 
integration of the fibrin and the frequency with which the flasks are shaken 
during the digestion. Our fibrin was ground very fine in a meat chopper. 
With large flakes the digestion is much slower. 

The same ferments were mixed in amounts of ioo mg. with 5 g. of a 
different fibrin in 50 cc. of water, plus 100 mg. of sodium carbonate. The 
digestions were continued through 3.5 hrs. at 40°. At the end of the time 
the contents of each flask was slightly acidified with acetic add and boiled, 
then filtered. The soluble nitrogen was found in the filtrates, and was 
as follows, corrected in each case by the nitrogen found in a blank with 
dead ferment: 

A 196.3, B 137.3, C 126.3, D 119-3. E 73.1, and F 1190 mg. 

Kjeldahl determinations on three samples of the fibrin gave the amount 
of total nitrogen in 5 g. equal to 274.4, 278.6, and 274.4 mg. 

The results for fibrin A show that about 72% of the substance had been 
digested to an advanced stage, as the neutralization precipitate had 
been filtered out here and in the other cases. But these results are not 
comparable with those of the other digestion; they are given to show the 
practical difficulty in making such comparisons with fibrin. 

In another set of digestions with 5 g. of a fibrin containing 216 mg. of 
nitrogen, and the same amounts of ferment as before, we found these 
weights of soluble nitrogen, not diminished by the neutralization precipi¬ 
tate, but otherwise corrected. The digestions were continued 4 hrs. here: 

A 209.3, B 204.4, C 173.9# I> 148-4* E, xoo.2, and F 157.1 mg. 

It appears that nearly the whole of the fibrin was made soluble by Fer¬ 
ments A and B. Comparing the results with those secured in the short 
periods with 2 g. of fibrin, it is evident that here the major part of the 
digestion is completed in a period much below 3 or 4 hrs. The effect 
of the long digestion is to make the weaker products appear relatively 
stronger and nearly as good as the others. 

To compare these digestion results on fibrin with the milk and casein 
tests we shall take the first series and reduce the results to the basis of 
milligrams of fibrin, with about 25% of dry protein, made soluble in 10 
minutes by 1 mg. of ferment. We use the last figures in each case, that is, 
those representing the longest digestion times: 

A gave 53.2, B 32x>, C 114, D 8.0, E 44, and F 5.0 mg. of fibrin for 1 mg. of 
ferment. 

The same general order appears here as in the other methods of valuation, 
but the steps afire not separated by the same distances. 

The general relations for all the methods are shown in Table V, as fol¬ 
lows, in which the units of comparison are: 
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(1) For the metacasein reaction: parts of milk brought to the onset 
stage by 1 part of ferment in 5 minutes; 

(2) Sodium caseinate digestion, Fuld-Gross method: milligrams of 
casein digested in 1 hr. by 1 mg. of ferment to the point where no precipi¬ 
tate is given by the acetic add reagent; 

(3) The formaldehyde titration, the relative amounts of alkali required 
to neutralize the amino adds from 1 g. of casern in 2 hrs. digestion, 

(4) The fibrin digestion: milligrams of fibrin digested to the soluble 
stage by 1 mg. of ferment in 10 minutes. 

Tablb V 


Ferment 

Metacasein 

reaction 

Fuld-Cross, 
test 

Formaldehyde 

titration 

Fibrin 

digestion 

A 

12500 

120 

IOO 

53 2 

B 

3400 

80 

38 

32 O 

C . 

2050 

7 S 

38 

11 4 

D 

1520 

60 

38 

8 0 

E 

1480 

40 

36 

4 4 

F 

1060 

55 

33 

5 0 


This tabulation bnngs out clearly the lack of uniformity m the be¬ 
havior of the six ferments in the four reactions While the tests agree 
in showing approximately the position which each ferment holds in the 
series they do not agree as to relative quantitative value For example, 
Ferments A and B are far apart in the first test but not so far in the last, 
and Ferment F actually appears stronger than E by two of the tests, 
while by the others it is weaker. 

What is the explanation of this? We believe this must be sought in 
two directions. These pancreas preparations are mixtures of several 
ferments and among them there are probably at least two which have 
proteolytic properties. It is the common experience of manufacturers 
of ferments that the pancreases themselves present very different degrees 
of activity, and investigators have noted the same fact. 1 Further differ¬ 
ences are developed by methods of extraction and activation employed. 
Some manufacturers hold that activation by the addition of parts of the 
intestine is necessary while others do not make this addition at all. The 
proferments become activated in very different degrees in this manner 
and possibly some do not become activated at all. It is plain that varia¬ 
tions creep in from the very beginning of the manufacturing treatment, 
and it is inevitable that the finished products should differ, not only quanti¬ 
tatively, but also qualitatively. We have no definite scientific definition 
of what trypsin really is, and we do not usually take into account that ap¬ 
parently fundamental differences in behavior sometimes result from the 
presence of quantities of inorganic salts in the finished products of the 
market. The process followed by each manufacturer is a secret carefully 
1 Gulewitsch, Z phynol Chem, 27, 540 (1899) 



2x64 j; H. U)KO AND A. W. BA&TON ' 

guarded, which provides a situation that obliges the investigator of such 
products to work in the dark. 

The differences in behavior toward adds and toward temperature ele¬ 
vation which have been noted by different workers 1 may probably be traced 
to the salt content of the different preparations and especially to the re¬ 
lations between the phosphates present. We find that in heating these 
trypsins their behavior changes in marked manner. In aqueous solution 
they were all very sensitive to heat and an elevation of temperature to 
6o° for even 5 minutes brought about great alterations in some respects. 
For the metacasein reaction 55 0 is an excessive temperature, as illustrated 
by the following results where the weights of ferments required to bring 
about the onset are given • 

A 180, B 80, C 120, D 8o, E 160 and F 160 mg. 

While the ferments are all enormously weakened the interesting fact is 
shown that they do not suffer at all in the same manner. Some are much 
more thermostable than others. 

In the Fuld-Gross reaction, using all quantities as employed in the regular 
test, we find these digestive values for 1 hr. incubation, the ferments 
having been heated previously to 55 

A 1 to 33, B 1 to 24, C i to 22, D 1 to 23, E 1 to ix and F 1 to 15 
Here, also, there is exhibited a weakening effect, but in far less marked 
degree than before. While for A the value in the Fuld-Gross reaction is 
reduced fourfold, in the metacasein reaction it is reduced forty-fivefold. 
For the other ferment the changes are in very different degrees. This 
peculiar behavior suggests that different ferments are concerned in the 
two reactions, the one which is active in digesting the casein being relatively 
thermostable. There are other observations which suggest the presence 
of a mixture of ferments in the pancreas preparations and in earlier work 
we have noticed this with reference to the behavior toward acids. That 
a mixture of ferments must be concerned in some of the phenomena ob¬ 
served has been suggested by S&rensen* and Edie. 3 

It was hoped at the outset of these investigations that it might be found 
possible to translate tryptic activity as expressed in terms of one standard 
into terms of another but this does not appear likely, with our present 
knowledge, because of the presence of mixtures of bodies with unknown 
properties in the various preparations as practically dealt with. The 
translation of standards is possible in a general way only, and the tables 
above gave some idea of the extent to which this is possible. But, while 
this hope of finding uniform relations can not be realized at present, the 
studies permit us to make some positive suggestions as to the necessity 

1 Long and Johnson, This Journal, 35, 1188 (1913); Bdie, Biochem. J , 8,84 (1914)' 

2 Biocktm Z , ax, 300 (1909) 

* Lot cit 
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of having a better understanding as to the nature of the processes employed 
in making our commercial preparations. Trypsin must ultimately be 
defined as a product made in some definite manner and as containing en*> 
zytnes having definite effects. The trypsin of the physiologist is not much 
more clearly defined than is the product of the manufacturer. In the 
statement of properties and behavior put out by the latter there must be 
some information concerning the content of inorganic substances present, 
which are doubtless essential factors from certain points of view A 
statement of the [H] (or [OH]) concentration in aqueous solution with a 
certain percentage strength would be of value here and would assist greatly 
in understanding the reactions referred to by different authors. An illus¬ 
tration of this is found in the interesting experiments of Edie, referred to 
above, where the substratum was a liquid in some of the cases of ferment# 
described. The ferments themselves made up but a small portion of the 
liquids used, but there is no information as to the rest of the substance 
present. Without such information regarding reaction or salts present 
it is not possible to account for some of the singular results obtained 
with reference to the behavior toward heat or acids. In our work we 
have avoided some of this uncertainty by employing relatively strong 
solid products, where quantities of milligrams only came into play, but 
we have recognized the need of more information even here. Below, 
a suggestion will be made as to how this more definite information may be 
secured. 

Resume. 

(1) In this paper a comparison of the proteolytic? value of six pancreas 
preparations has been made by four distinct methods, the metaearein 
reaction, a modification of the Fuld-Gross reaction, the formaldehyde 
titration of amino acids liberated in digestion, and the fibrin digestion. 
It was hoped to find such relations as would permit the translation of 
activity as expressed on a given standard in terms of another. 

(2) By the four methods the activities of the six preparations are ar¬ 
ranged in the same general order, that is, the strongest ferment by the first 
method is found to be the strongest by the others., For the weakest 
preparations the order is about the same. 

(3) But the relative rank quantitatively, of the different ferments is 
very different as measured by the different methods. While the strongest 
ferment by the metacasein reaction appears to be about 12 times the 
strength of the weakest, and about 10 times as strong by the digestion of 
fibrin, by the other tests the relation is as 2 or 3 to 1. Even greater ir¬ 
regularities appear in comparing some of the other ferments. 

(4) It is not possible at the present time to translate the proteolytic 
value of a tryptic ferment from the terms of one standard to the terms 
of another, with the products as at present furnished by chemical 01 phar- 
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maceutical dealers, because these preparations are made by very different 
processes of extraction, concentration or activation, which leave, probably, 
mixtures of ferments in widely different proportions in the finished products, 
and unknown amounts of inorganic salts. 

(5) There is evidence to suggest that the products sold as trypsins or 
pancreatins contain at least two different enzymes reacting in different 
ways with proteins. The effects observed in any case are mixed effects 
depending on the proportions in which the enzymes are present. These 
enzymes possess different degrees of thermostability. 

(6) The desirability of a more rational definition of trypsin is pointed out. 
The definition should include a statement of the essential points of manu¬ 
facture and should be authorized by some responsible body such as a 
pharmacopoeial revision committee. Since what is called trypsin is 
prepared for the use of medical men, these users are entitled to the fullest 
knowledge concerning the composition and properties of the product 
Therfe is no excuse for secrecy here and products should be made to con- 
fofrii to interchangeable standards. 

Northwestern University Medical School, 

Chicago III 
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STUDIES ON ENZYME ACTION. XI. SOME EXPERIMENTS 
WITH CASTOR BEAN UREASE. 

By K Georgs Falk and K. Suoiura 
* Received August 5. 1914. 

Takeuchi, 1 in 1909, found in soy beans an enzyme, urease, capable of 
hydrolyzing urea into ammonia and carbon dioxide. Keisel 2 and Zemplen* 
then showed that ureases are present in a number of plants. The action 
of the soy bean urease under various conditions was studied by Takeuchi, 
Armstrong and Horton, 4 Armstrong, Benjamin and Horton, 6 and more 
recently by Van Slyke, Zacharias, and Cullen. 6 The application of the 
soy bean urease to the quantitative determination of urea was first pro* 
posed by E. K. Marshall, Jr .7 

In view of the interest which has been developed in connection with the 
soy bean urease and its application to analytical work, some experiments 

1 /. Coll Agrtc, Tokyo, 1, 1 (1909) 

* 7 . physio { Chem , 73, 169 (1911)* 

* Ibid , 79, 229 (1912), 

4 Proc Roy Soi Lend{B) 85, 109 (1912) 

* Ibid , 86, 328 (1913) 

* Proc Soc Exp B%ol Med, 11, 155 (1914) 

T J. Biol. Ck&n , 14, 283 (1913); 13 * 487 . 495 (1913)* I 7 » 35 * (1914), **» 53 (* 9 * 4 ) 
(with D. M Davis) For the quantitative estimation of urea by urease, cf. also 
Plunmer and Skelton, Biochem J., 8 , 70 (1914) 
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with the urease which was shown to exist in castor beans 1 were carried 
out and will be described in this paper 
Two castor bean preparations were used Preparation A, consisting 
of ground, cold pressed, castor beans 2 containing probably about 5% of 
oil and Preparation B, consisting of husk- and oil free castor beans, ground 
to pass through a 40 mesh sifter In the experiments, the castor bean 
preparation was mixed with the urea solution and water or salt solution 
and after about 1 cc toluene had been added, allowtd to remain in the 
incubator at 38-40° for the length of time indicated The ammonia 
formed was removed by aeration 8 for two or three hours after enough 
2 N NaOH solution had been added to make the mixture about 1 N 
(with respect to the NaOH) The ammonia was absorbed m the usual 
way m a definite volume of standard sulfuric acid which was afterwards 
titrated with standard NaOH solution, with alizarin sulfonic acid as 
indicator Preliminary experiments showed that neither the urease 
preparations nor the urea solutions evolved ammonia in the aeration with 
normal NaOH solution as described The urea used contained nitrogen 
(Kjeldahl determinations) corresponding to 93 8% pure urea, which 
was therefore used as the basis for calculating the contents of the solif 
tions The detailed results of the experiments will not be given here 
but only the percentage amounts of urea hydrolyzed under the conditions 
of the experiments The castor bean preparations show very much less 
activity than do soy bean preparations, so that the reactions were allowed 
to run considerably longer times than is customarv with the latter For 
instance, 2 cc of a soy bean extract prepared according to Marshall’s 
method, 100 cc water, 28 1 mg urea, after 4 hours gave 13% hydrolysis, 
while 10 cc of the filtrate from 10 g of Preparation A and 100 cc water, 
with 28 1 mg urea and 5 cc water after 18 hours showed 10% hydrolysis 
Also, o 1 g husk- and oil-free, ground, soy bean‘s hydrolyzed 47 mg 
urea m 50 cc of water completely in 4 5 hours, while 02 g Preparation B 
hydrolyzed only 3 4% of the urea under similar conditions in 2$ hours 
In the results which follow, the description of the experiments will be 
given and then the percentage hydrolyses of the urea 

Preparation A, o 5 g , 25 cc solution, 28 1 mg urea, 22 hours 
Water, 4 5%, o 002 N NaOH solution 35% o 002 N HC 1 solution 1 1%, 
0 004 N solution 2 5% o 004 A HC 1 solution 1 0% 

Mute HC 1 and NaOH solutions retard the action, the former to a greater 
extent than the latter The retarding actions of strong acids and alkalies, 
m more than very small quantities, on the action of the soy bean urease, 
were studied by Takeuchi, Armstrong, Marshall, and Van Slyke 
1 IV paper of this senes, This Journal, 35, 292 (1913) 

2 Supplied by the Baker Castor Oil Company, New York 
• Kriber, This Journal, 30, 1131 (1908). 3*> 889 (19x0), Folin and Farmer, / 
Chun , 12,499 (1912) 
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Preparation A, i g.; »ee* sotutioa; « 8 .i tag. urea; n hours. 

Water, 12%; 0.004 MpSCh sokitkm, 10%; o 07 $ M Na»HPO« solution, 14%; 
<> 04 M MgSO« solution, 12%; o 075 M KH,P0 4 solution, 3%; o 073 Af NaF solution, 
*%. 

The disodium phosphate exerted a small accelerating action, while the mag¬ 
nesium and manganous sulfates caused very little change. This latter 
is of interest in showing that the hydrolytic action of the urease of castor 
beans is different from the hydrolytic actions of the lipases of castor beans, 
which are very much accelerated by manganous and magnesium sulfates 1 
On the other hand, the retarding influence of sodium fluoride is showh both 
with the urease and the lipase. 1 Takeuchi found a similar action with the 
soy bean urease. 

Preparation B, o 5 g , 15 cc. solution; 28 1 mg. urea, 19 hours. 

Water. 21% 0.0007 N NaOHsol 16% o 007 N NasCO* sol 2i c /( 

o 0007 N HC1 sol 19% o 007 N NaOH sol 15% o 07 iVNaiCChsol 20% 

<> 007 N HC1 sol 10% o 07 AT NaOH sol 9% Water -fig CuS0 4 - 

o 07 N HC1 sol 6% o 0007 iVNaaCO, sol 1B 0 } 5H s O 1V 

Water + 1 g Pb(NO»)j 3* ( 

III the most dilute (0.0007 N) solutions, the HC 1 exerted a smaller retard¬ 
ing effect than the NaOH, in the more concentrated, the reverse was the 
case, the actions then being similar to those observed with Preparation A. 
Sodium carbonate appeared to exert very little influence on the reaction, 
due, perhaps, to compensating actions in which accelerating effects of 
carbon dioxide, similar to those observed by Armstrong with the soy bean 
urease, may play a part The inhibiting actions of copper sulfate and lead 
nitrate are very marked and similar to the results obtained by Takeuchi 
with oopper sulfate and soy bean urease. 

Preparation B, o 5 g ; 25 cc. solution, 28 1 mg urea, 18 hours 
o 1 M NajHPO* solution. , . . 23% o 002 M MnS0 4 solution 15^ 

o 1 hi KH*P0 4 solution 6 o 05 M MgSG 4 solution 18 

01 M NaP solution 5 

The results are similar to those obtained with Preparation A. No ex¬ 
periments with water alone were carried out with this series, but to judge 
from a number of other experiments, 20% of the urea would have been 
decomposed with no salt present. The slightly alkaline disodium phos¬ 
phate accelerated the reaction, the acid monopotassium phosphate re¬ 
tarded it almost as much as did the sodium fluoride, while the manganous 
and magnesium sulfates showed small retarding actions. That man¬ 
ganous sulfate in more concentrated solution exerted considerable retarda¬ 
tion is shown by the following results* 

Preparation B, o 5 g , 20 cc water (with added salt) ,28 1 mg urea, 23 hours 
No MnS0 4 4H1O added 19% o 05 g MnSO* 4H1O added 10% 

o 005 g MnSO^HtO added 13 o 04 g MnSO* 4H1O added 6 

1 Cf. V paper of this series, This Journal, 35, 601 (1913) and the references given 
there. 
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The following tables show the results obtained when the quantity of 
urea, of water, and of the duration of the reaction were varied. 


Preparation B, 05 mg.; too cc. water; duration of reaction, 24 and 48 hours; 
amounts of urea, as stated 



470 

375 

282 

188 

94 

47 mg urea 

24 hours 

0 8 

1 2 

I 6 

2 5 

5 2 

1 r 2 % urea hydrolyzed 

4S hours 

1 3 

I 9 

2 6 

4 3 

8 2 

14 8% urea hydrolyzed 


For the 24 hours reactions, the absolute quantities of urea decomposed 
increased with increasing dilution of the solution or decreasing amounts 
of urea present. For the 48 hours actions, the absolute quantities of 
urea which were decomposed increased as the dilution increased, down to 
the concentration of 188 mg., and then decreased on further dilution. 
The percentage decomposed, however, increased throughout with de¬ 
creasing concentration. With the soy bean urease, Armstrong and Horton 
found that increasing the concentration of the urea retarded the reaction, 
and Marshall, that the velocity of hydrolysis increased with dilution to 
a maximum and, on further dilution, decreased. 

Preparation B, o 5 g ; 56 3 mg urea; duration of reaction and amount of water, 
as stated 



IOO cc. 

80 cc. 

60 cc. 

40 cc. 

20 CC. 

10 cc. water 

21 hours 

4 

6 

6 

7 

9 

9% urea Uvdrolyzed 

45 hours 

8 

II 

12 

H 

14 

15% urea hydrolyzed 

t >9 hours 

13 

17 

23 

25 

26 

27% urea hydrolyzed 


The amount of urea hydrolyzed is very nearly proportional to the time of 
reaction in most of these experiments. Practically no difference is ob¬ 
servable between the results for the most concentrated solutions. The 
experimental error is comparatively large here, so that the calculation of 
reaction velocity constants would furnish conclusions of questionable 
value The relation between any two of these results does not come out 
clearl>, but the trend of the changes when all of the experiments are con¬ 
sidered is quite clear. 


Preparation B, o 5 g , 15 cc v-mer, duration of reaction and amount of urea, as 
stated 




20 

43 

68 

91 

XI5 

139 

163 

187 hours 

14 » mg 

urea 

30 

70 

88 

95 

95 

89 


, % urea hydrolyzed 

2b i mg 

urea 

16 

39 


54 

62 

65 

74 

% urea hydrolyzed 

56 3 mg 

urea. 

10 

22 

29 

34 

37 

43 

40 

44% urea hydrolyzed 


W'ith the smallest quantity of urea, the reaction proceeded so far that in 
most of these results comparison with the rest is not feasible. The pro¬ 
ducts of the reaction, as well as the deterioration of the enzyme due to 
long contact with water, probably affect these results. These secondary 
influences show themselves in the third series, where the reaction 
apparently comes to a stop. All that can be said with regard to these 
results is that for the first two time periods, the amounts of urea decomposed 
are nearly proportional to the durations of action, but that variations 
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occur lor greater derations, doe to complicating or secondary reactions. 

A series of experiments was carried out in which io g. of Preparation A 
were extracted with 100 ce. of solution, filtered through paper, and io 
cc. of the filtrates tested, each with 28.1 mg. urea, 5 cc. of added water, 
for 18 hours. 

Extracting sol.. Water, 1 M NaCI, 0.05 M MgSO*, 0.1 M Na 2 HPC)4, o.i M KHjPCV 

% Urea 

hydrolyzed: 10 6 8 7 1 

Water extracted more urease apparently than the disodium hydrogen 
phosphate solution, although the solid preparation tested directly with the 
solutions showed greater activity with the latter than with the former. 
From the previous results it was to be expected that the monopotassium 
phosphate extract would show little activity, and that the other salt ex* 
tracts less activity than the aqueous extract. 

Conclusions. 

Castor bean preparations hydrolyzed much less urea under comparable 
conditions than did similar soy bean preparations. This indicates that 
the urease of castor beans is less active than that of soy beans, or that 
less urease is present in castor beans than in soy beans. 

The action of acids, bases, and salts on the hydrolysis of urea by castor 
bean urease was studied. Relations, similar to those observed by others 
with soy bean urease, were found. 

[Contribution from the Nevada Agricultural Experiment Station.] 

ENZYMES PRESENT IN ALFALFA. ALFALFA INVESTIGA¬ 
TION, V. 

By C A. Jacobson and August Houcks 
Received August 14 , 1914 . 

The present work is a continuation of that begun by one of us in Prof. 
Hedin’s laboratory in Uppsala, on the enzymes present in alfalfa seeds. 1 

The same general methods of work there used have been followed in 
the present investigation, which embraces the enzymes of the green as 
well as of the dried stems and leaves and of the fresh roots. In addition 
to the enzymes tested for and determined in the seeds, we have included 
three carbohydrases not infrequently encountered in juices and extracts 
of plants, namely, maltase, lactase, and pectinase. All standard solutions 
employed in the investigation were derived titrimetrically from normal 
hydrochloric acid, which had been standardized, gravimetrically, against 
Silver. 

All experiments were run in duplicate, of which only the mean will be 
recorded. 

1 This Journal, 34,1730 (1913). 
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Enzymes in the Dried Stems and Leaves. 

A water extract of air dried and finely ground alfalfa hay of the same 
quality as that used in Alfalfa Investigation I 1 and II* was prepared by 
adding 400 g. water to 100 g. of the ground alfalfa, and then heating the 
well stirred mixture for two hours at 37 °, pressing out the extract in a 
small hand press and filtering through a soft filter paper. The reddish 
brown filtrate was clear and remained so for several hours, but if allowed 
to stand over night it became cloudy and a light precipitation was found 
at the bottom of the containing vessel. In every experiment the clear 
fresh extract was used. 

Lipase —No positive evidence of the existence of a lipase was found 
in alfalfa seeds and it was hardly to be expected that this enzyme should 
exist in the other parts of the plant, in measurable quantity. This sup¬ 
position was also sustained by the following experiments 

Experiment 1 — (a) 5 ec ethyl benzoate 4 25 ec extract 4 * 50 cc water 4 a few 
drops toluene, the mixture heated at 37 after which 25 cc of the liquid wete with¬ 
drawn and titrated with o 5 A NaOH, giving 3 04 cc for neutralization 

{b) s cc ethyl benzoate 4 75 cc water, treated the same as m ( a ) 25 cc of this 
mixture were then withdrawn and titrated with o 5 N NaOH giving o 10 cc for neu¬ 
tralization 

(() 25 cc extract 4 55 cc H^O digested and titrated like {b), gave 2 38 cc o 5 N 
NaOH 

The. sum of the titration values of (6) and (c) is a little less than (a), 
therefore a slight saponification of the ester had taken place 

Experiment 2 — (a) 5 cc olive oil 4 25 cc extract 4 50 cc water were heated to¬ 
gether as in Expt 1 (a) 25 cc of the resulting liquid were withdrawn and titrated 

with o s -V NaOH, giving 3 86 cc for neutralization 

(A) 5 cc olive oil 4 75 cc H.O, digested and titrated as 111 (a), giving o 12 cc for 
neutralization 

(b) -f (c) of Expt. 1 gave a lower value than (a), therefore, a slight 
saponification of olive oil. From these results we conclude that there is a 
suggestion of a lipase present in thw alfalfa extract to about the same 
extent as was found in the seeds. 

Amylase .—It was found that the alfalfa extract itself reduced an alkaline 
copper solution, so that this enzyme could only be determined by ob¬ 
taining the difference of the reducing power with and without starch. 
No attempt was made to extract and isolate the ferment. 

To determine whether or not amylase was present in the extract the 
following experiment was carried out. 

Experiment 1 — (a) 5 cc extract 4 50 cc HjO 4 10 cc of a 1 ° v starch solution, and 
Hit mixture heated at 60 0 for one hour, after which it was heated to boiling and fil¬ 
tered 

1 This Journal, 33, 2048 (1911) 
i Ibid , 34, 300 (1912) 
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(6) s cc. extract + HA hmitd ** m (a). 

(c) so cc. starch solution + 35 cc. HfO, also heated as in (c). 

The reducing sugar in the filtrate was determined according to the method of Ken¬ 
dall, 1 the copper being titrated with o. 1 N sodium thiosulfate, which resulted as fol¬ 
lows: (a) 26.27 cc.; ( b ) 23.86 cc.; and (r) none, showing that amylase is present m 
small amount. 

The following experiment was carried out to determine the diastatic 
power* of the extract: 

Experiment 2. —(o) 100 cc. of a 1% starch solution + 1 cc. extract. 

(6) ioo cc. of a 1 % starch solution + 2 cc. extract. 

(c) 100 cc. of a 1 % starch solution + 3 cc extract. 

(d) 100 cc. of a 1 % starch solution 4- 5 cc extract 

The above solutions were heated simultaneously, one hour at 61 0 and then the re¬ 
ducing sugar determined as above, giving for (a), 20.84 cc sodium thiosulfate solu¬ 
tion of su<^& a strength that 1 cc. is equivalent to 8.13 milligrams of copper; ( b), 48.54 
cc.; (c), complete reduction; and (d), 19.43 cc. 

Having obtained the value of the reduction by the pure extract in (d), 
we are able to find by difference the reduction due to the amylase. This 
gives (a) 16.95 cc » (6) 40.76 cc. of thiosulfate solution, or 137.8 mg. 

of copper in (a) and 331.4 mg. copper in (6). These values of copper 
are equivalent to 120.4 and 292.3 mg. of maltose, respectively, making 
the diastatic power 24 and 33 in the two cases, or a mean diastatic power 
of 28.5. 

Coagulase .—Having found this enzyme in the alfalfa seed extract, it 
was of interest to learn if it also occurred in the stem and leaves of the 
dried plant. Fresh milk was taken and treated with one-tenth its volume 
of a 20% solution of calcium chloride and then treated with the extract 
as given in the following experiment: 

Experiment 1. —(a) 10 cc prepared milk + 1 cc extract 

(6) 10 cc. prepared milk -f 1 cc. water. 

(c) 10 cc. prepared milk + o 5 cc o 1 N acetic acid 

(rf) 10 cc prepared milk + 0,5 cc o 1 N w-butyric acid. 

The two latter representing an excess of the amount 9# Sfcfifity developed 
in 1 cc. of extract during 24 hours* digestion. Thd'ibbve mixtures were 
then heated in the incubator at 37 0 fa? *4 hdtirS and the process of change 
watched from time to time during that'period. No marked change took 
place and at the end of 24 hours the milk could quite easily be poured, 
showing that there is no coagulase, on the order of rennin, in the alfalfa 
extract. 

Emulsin ,—lliis enzyme is determined by its power of splitting up the 
ghicoside amygdaline into glucose, benzaldehyde and hydrocyanic acid 

1 This Journal, 24, 317 (1904) 

• If 1 cc. of amylase solution develops maltose equivalent to 500 mg. of copper 
when digested with ioo cc of a 1% starch solution It is said to have a diastatic power 
of 100. 
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and the estimation of any one of the decomposition products. Whether 
or not the enzyme is a typical amygdalase containing hydroxynitrilase 
md yielding mandelonitrile glucoside as an intermediate product we did 
not consider of sufficient importance for the present investigation. We 
at first attempted to determine the emulsin by titrating with iodine, the 
hydrocyanic acid generated, but were obliged to abandon this procedure 
for the reason that the extract itself absorbs considerable quantities of 
iodine. The determination of the glucose was therefore resorted to, and 
the results given in the following experiments: 

Experiment i —(a) 25 cc extract -f o 25 g amygdaline 4 - 25 cc H^O 

(b) 25 cc extract 4 - 23 cc HjO 

(r) o 25 g amygdaline 4- 25 cc H 2 0 

( d) o 05 g. Merck’s emulsin -f o 25 g amygdaline -f 25 cc. H *0 

All four portions digested for 24 hours at 37 0 and the 1 educing power of «,ic of the 
supernatant liquid used for the determinations, which resulted as follows 

fa) 16 20 cc sodium thiosulfate solution were required to titrate the reduced eop- 
pei (&), 10 60 cc , and ( d ), 3 22 cc In (t) there was no reduction 

These results are not quantitative in character, but suffice it to say, that 
emulsin is present in considerable quantity in the dried leaves and stems 
of alfalfa. 

Invertase .—To determine the presence of invertase the allowing ex¬ 
periments were carried out: 

Experiment 1 -(a) 2 cc of u/ < cane sugar solution -f 5 cc extract -f 50 cc H 2 0 . 
(6) 5 cc extract + 52 ct H z O 

(<) 2 cc —10/f cane sugar solution -f cc o 2 N HC 1 + 5° cc H *0 
(</) 2 cc \o K /t cane sugar solution -f o 83 cc o 2 N HC 1 (- socc H >0 

(e) 5 cc extract -j- 5 cc o 2 N HC 1 4 * so cc H/O 

The above solutions were heated for 24 hours in the thermostat at 
37° and then brought to boiling and filtered. The reducing sugar in the 
filtrate was determined by Kendall's method. By a previous experiment 
it was found that 5 cc. of the extract heated under the same conditions 
developed an acidity equivalent to 0.83 cc. 0.2 N HC 1 and hence the reason 
for the (d) part of the experiment. In terms of cubic centimeters of 
standard thiosulfate solution, the reducing sugar obtained from the above 
solutions was found to be 

(a) —57 51 cc , ( b )—25 14 cc , (c) —3S 21 cc., ((f)—23 00 cc ; (< e) —24.18 cc 

It is seen that the value of (a) is larger than the sum of (6) and (d) which 
indicates the presence of invertase. From part (c) we see that even 
5 cc. 0.2 N HC 1 does not produce as large an inversion of cane sugar as 
the same volume of alfalfa extract. 

It was then decided to try the action of the enzyme in neutral solution 
and thjt following experiment carried out: 

Experiment 2 —(a) 2 cc 10% cane sugar solution 4“ 5 cc extract 4 - 5 ° H,iO + 
frxeesa of powdered CaCOj 

(b) 5 cc extract 4 * 52 cc. HtO + excess of powdered CaCO 
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The titration of the reduced copper In presence of an excess of potassium 
iodide resulted as follows: (a) 42.50 cc., and (i b ) 22.30 cc. sodium thio¬ 
sulfate solution, showing that an active invertase is present in neutral 
solution of the alfalfa extract. 

Peroxidase. —The tests for oxidases and peroxidases were carried out 
as follows: 

Experiment i —( a ) t g pyrogallol 4- i cc extract 4 io cc of a i% H 2 Oj solution 
diluted to 50 cc with water 

(6) Same as (a), except no HiO*, also diluted to 50 cc There was no change m 

(a) or (6) even after standing over mght 

Experiment 2 — (a) A guaiacum emulsion, obtained by dissolving a small amount 
of gum guaiacum in alcohol and adding water until a cloudiness appeared, -f 1 cc 
extract 4 3 cc of a 3% solution of H 2 Oj and the mixture diluted to 10 cc with water 

(1 b ) Same as (a), without the H* 0 2 , also diluted to 10 cc A bluish precipitate de¬ 
veloped m (a) after standing for a few minutes, which became heavier upon longer 
standing There was no change in (6) until next morning when a very light, bluish 
precipitate had settled out 

These experiments go to show that no oxidase, but an extremely small 
amount of a peroxidase is present in the alfalfa extract. No test could 
be made with cresol for lack of this reagent. 

Maltose. —To investigate whether maltase was present or not the follow¬ 
ing method was employed: The optical activity of a maltose solution 
was observed before and after digesting with a portion of the extract. 

Experiment 1 — (a) Rotation of a 2% maltose solution, + 2 54 0 

( b) Rotation of a mixture of 50 cc of 2% maltose solution -f 10 cc extract before 
digestion, 4 2 05° 

(c) Rotation of same mixture as (6), which had been digested 24 hours at 37 °, 4 

1 84° 

The change in rotation is so slight that we would scarcely be justified 
in saying that maltase is present in the extract. 

Lactase —Experiment 1 —(a) The rotation of a 2% lactose solution was found to 
be 4* 1 03 0 

(b) Rotation of a mixture of 50 cc 2% lactose solution 4 - 10 cc. extract before 
digestion, 4 1 01 0 

(r) Rotation of the same mixture as (6) after digesting for 24 hours at 37 0 , 4 o 89*. 

The small change in rotation would scarcely warrant the statement 
that a lactase is present 

Pecttnase. —A good grade of pectin was prepared from dried pears by 
the following method: About 4 pounds of dried pears were passed through 
a meat chopper and soaked in enough water to cover the same, for about 
14 hours at room temperature, and the resulting infusion separated by 
decantation and pressing and finally filtration. The clear ambei colored 
filtrate was freed from calcium and albuminates by precipitating with 
oxalic add and tannin and the solution again filtered. It was then con¬ 
centrated on the water bath to about one-third of its original volume 
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and after cooling to the room temperature the pectin was precipitated 
by adding gradually, with constant stirring, three to four volumes of 
95% alcohol. The thick, gelatinous precipitate was separated by filtering 
through an ordinary filter paper. As this was a very slow process, the 
filtration was arranged to proceed over night and the following day. 
The small, brown and horny looking material left in the filter papers, 
was then dissolved in a small quantity of water and the precipitation 
with 95% alcohol repeated. The process was repeated four times after 
which the gelatinous precipitate resulting was almost a pure white, but 
when dry it was dark, and its properties suggested dried glue, although 
the pectin was not quite so elastic. 

An equal volume of extract was added to a 2% solution of this pear 
pectin. The mixture gelatinized almost instantaneously, showing the 
presence of a pectinase in considerable quantity in the water extract of 
dry alfalfa hay. 

Protease .—In the paper 1 already referred to, the discovery of a pepto- 
lytic enzyme, on the order of vegetable erepsin, in alfalfa seed, is recorded; 
but this protease is not a peptonizing one like pepsin. It was, therefore, 
of considerable interest whether or not the presence of a similar enzyme 
could be confirmed in the extract of the dried plant. 

Digestion experiments were set up with extracts on egg albumin, serum 
albumin, and fibrin, similar to those carried out on the seeds, the results 
in every case turning out negative. 

The following experiments were then arranged to see if casein and 
Witte peptone could be digested with the extract. Solutions of these 
modified proteins were prepared exactly as specified in the paper just 
mentioned, with the exception that the casein solution required only 
9.5 ec. N NaOH for neutrality to litmus instead of 10 cc. 

Experiment j —( a) 25 cc extract + 50 cc casein solution 4 1 cc toluene. 

(6) 25 cc. extract 4- 5« cc water + 1 cc toluene 

(r) 50 cc casein solution + 2 r cc waier -f 1 cc toluene 

(d) 25 cc (boiled) extract 4* 50 cc casein solution + 1 cc toluene 

(e) 25 cc. (boiled) extract 4* 50 water 4- 1 cc toluene 

The above mixtures were digested 24 hours at 37 °, after which 25 cc. 
of the supernatant liquid of each were withdrawn, 50 cc. water and 10 cc. 
neutral formol phenolphtnalein solution 2 added to each and the mixtures 
titrated with 0.2 N NaOH solution, resulting as follows: (a) 6.47 cc., 
(b) 2.72 cc., (c) 1.22 cc., (d) 3.30 cc., and ( e ) 2.35 cc. 

Experiment 2. —(a) 25 cc. extract 4 - 50 cc. 2 % peptone solution 4 - t cc toluene. 

(b) 25 cc. extract 4- 50 cc. water 4" 1 cc. toluene 

(c) 25 cc. water 4" 50 cc. peptone solution 4- 1 cc. toluene 

1 This Journal, 34, 1734 ( 1912 ). 

* Made by adding 1 cc. of a 1% alcoholic phenolphthalein solution to 50 cc. of a 
40% formaldehyde solution and titrated to a faint pink with 05 N NaOH 
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(d) 25 cc. (boJM) cxtmct 4 50 cc. peptone flotation 4 - 1 cc. toluene. 

(e) 23 cc. (boiled) extract 4- 30 cc. water 4 x cc. totaene. 

The mixtures digested and titrated as in Expt. 1, with the following 
results: (a) 3.82 cc., (6) 2.70 cc., (c) 1.80 cc., (d) 4.31 cc., and (s) 2.33 cc. 
These two experiments go to show that the extract of the dried alfalfa 
as well as that of .the seeds, contains a protease capable of splitting up 
both casein and peptone. 

Reaction Influence. —Experiments were arranged to determine whether 
or not the action of the protease would be influenced by an add or alkaline 
solution, which was found to be the case with the seed protease. 

Experiment 1 .— (a) 25 cc extract -f 50 cc HjO 4 (toluene) 

(b) 25 cc extract + 50 cc casein solution 4 (toluene) 

(1 c) 25 cc extract 4 50 cc casein solution 4 o 5 g sodium carbonate. 

(d) 25 cc extract 4 50 cc. casein solution 4 Na t CO» to make a o 5% solution. 

(e) 25 cc extract *f 50 cc casein solution 4 Na*CO» to make a 1 0% solution 

(/) 25 cc extract 4 50 cc casein solution 4 Na*CO* to make a 2% solution 

(f) 25 cc water 4 50 cc extract 

' The mixtures were digested for 24 hours at 37 °, after which the cal¬ 
culated amount of N HC 1 was added to neutralize the NajCO* in each 
portion, and the liquids titrated as before, making due allowance for the 
volume change upon neutralization of the carbonate, (a) gave 1.56 cc. 
of 0.2 N NaOH, (b) 3.42 cc., (c) 4.97 cc., (d) 4.82 cc., (e) 5.29 cc., (/) 7.51 
cc., and ( g ) 1.39 cc., showing that an alkaline medium favors the digestion 
of casein. 

Experiment 2 —(a) 25 cc extract 4 50 cc casein solution 4 HCl to 0.05% solution 

(b) 25 cc extract 4 30 cc casein solution 4 HC 1 to make a o 1% solution 

(c) 25 cc extract 4 50 cc casein solution 4 HC 1 to make a o 2% solution 

( d ) 23 cc extract 4 5° cc casein solution 4 HC 1 to make a o 3% solution 

(c) 25 cc extract 4 50 cc. casein solution 4 HC 1 to make a o 4% solution 

The digestions were carried out under the same conditions as those 
above and then the added HC 1 exactly neutralized with N NaOH and 
the formol titration carried out in the usual manner, giving for (a) 2.36 cc. 
0.2 N NaOH, ( b) 2.16 cc., ( c) 2.11 cc., (d) 1.8^cc., and (e) 1.67 cc., showing 
that an acid solution acts unfavorably upon the digestion of casein, which 
was likewise the case with the seed protease. 

Influence of Albumin in the Digestion of Casein and Peptone. 

It was found that the presence of small amounts of egg albumin or 
serum in the # digestion liquid of seed protease inhibited the action of the 
enzyme upon both casein and peptone, and therefore experiments were 
carried out to learn if the action of the plant protease is similarly inhibited. 

Experiment 1. —(a) 23 cc extract 4 10 cc. H *0 4 so cc casern solution and the 
mixture titrated at once 

(b) 23 cc extract 4 10 cc. H »0 4 50 cc. casein solution digested at 37° for 24 
hours 
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{c) 25 cc* extract -f 50 cc casein solution + 10 cc albumin solution (made by dis¬ 
solving the white of one hen’s egg in x liter of water) and the mixture titrated at once 

(d) 25 cc. extract 4- 50 cc casein solution 4* 10 cc albumin solution digested for 
24 hours at 37 0 

(e) 25 cc. extract + 10 cc albumin solution mixed and left in contact for one-half 
hour at room temperature, then 50 cc casein sol added, and the mixture titrated at 
once 

(/) Same as (e) except after adding the casein the mixture was digested 24 hours 
at 37 ° 

(g) 25 cc extract 4- 10 cc albumin solution allowed to act together for 2 hours at 
room temperature, then 50 cc casern solution added, and the mixture titrated at once 

(h) 25 cc extract 4- 10 cc albumin solution left 2 hours at room temperature, then 
50 cc casein solution added and mixture digested at 37 0 for 24 hours and titrated 

(1) 25 cc extract 4* 10 cc albumin solution left in contact at room temperature 
21 hours, then 50 cc casein solution added and the mixture titrated at once 

( j) Same as (*), except after adding casein the mixture was digested for 24 hours 
at 37 0 and then titrated 

Results of Titrations — (a) 2.93 cc 02 N NaOH, ( b ) 336 cc, (r) 2 93 cc , (<f) 
3 20 cc , (e) 2 94 cc , (/) 3 19 cc , (g) 2 91 cc , ( h ) 3 14 cc , u) 2 97 cc ( j ) 5 05 cc, 
showing a small but definite inhibitory action of the albumin upon the casein digestion, 
which is proportional to the time of action 

Experiment 2 —( a ) 25 cc extract 4 10 cc H-O 4 50 cc 2 l 0 peptone solution ti¬ 
trated at once 

(b) 25 cc extract 4* 10 cc. H *0 4 50 cc peptone solution heated *4 hours at 37 0 
and then titrated 

(c) 25 cc extract 4 10 cc albumin solution 4 50 cc peptone, titrated it once 

C d ) 25 cc extract 4* 10 cc albumin solution 4 50 cc jieptone, heated 24 hours at 
37° and then titrated 

( e ) 25 cc extract 4 10 cc albumin solution left at room temperature for one half 
hour and then 50 cc peptone added, and the mixture titrated at once 

(/) 25 cc extract 4* 10 cc albumin, left at room temperature for one-half hour, 
then 50 cc. peptone added, digested at 37 0 for 24 hours and titrated 

(g) Same as (e) except extract and albumin left foi 2 hours at room temperature. 

(h) Same as (f) except extract and albumin left for 2 hours at room temjierature. 

(♦) Same as (e) except extract and albumin left together for 24 hours at room tem¬ 
perature before adding the peptone 

(j) Same as (/) except extract *ud albumin left together for 24 hours at room tem¬ 
perature 

The formal titrations resulted as follows* (a) t> 10 cc 02 N NaOH, (/ > 4 24. cc , 
(c) 3 09 cc, (d) 4 22 cc , (e) 3 12 cc , (/) 4 21 cc , (g) 3 05 cc , (A) 4 22 cc., (/) 3 20 ec , 
(j) 4 24 cc., showing that egg albumin does not perceptibly influence the digestion of 
peptone by alfalfa protease 

A series of experiments were then run to determine whether the time 
or the temperature plays the greater influence in the inhibition of plant 
protease on casein by egg albumin, but it would seem unnecessary to 
reproduce this mass of detail. The results all pointed to the conclusion 
that it is the time of action and not the temperature that determines the 
extent of inhibition. 

» Enzymes in the Fresh Alfalfa Plant (Stem and Leaves). 

Voting growing plants were collected and ground to a fine pulp in a 
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meat chopper, afid after stirring it up with An equal volume of water, 
the mixture was allowed to stand for 2 hours at a temperature of 37°, 
after which the extract was pressed out and filtered. The filtrate was 
dear and of an amber brown color. Methods identical with the foregoing 
were employed for the determinations, except in the determination of the 
reducing sugars, m which cases the cuprous oxide was titrated by means 
of the ferric sulfate and permanganate method. This method, however, 
is not to be recommended for such wori$. The iodometric copper method 
of Kendall is to be preferred. 

Lipase — .Experiment i —(a) 5 cc ethyl benzoate 4 25 cc extract 4 50 cc H *0 

(b) 25 cc extract 4 50 cc H *0 

(c) 5 cc ethyl benzoate 4 75 cc H *0 

(1 d ) 5 cc olive oil 4 25 cc extract 4 50 cc H2O 
(e) 5 cc olive oil 4* 75 cc H3O 

The titration values are as follows. (0)3.29 cc., ( b ) 2 93 cc., (c) o 11 cc., 
(d) 3.15 cc., (e) 0.05 cc., showing that there is a small, but appreciable, 
amount of lipase present. 

Amylase — Epenment 1 —(a) 5 cc extract + 10 a starch solution 4 50 cc HjO. 

(b) 5 cc extract 4 60 cc H 2 0 

( c ) 10 cc starch solution 4 5*5 cc water 

The number of cubic centimeters of permanganate required for the 
precipitated cuprous oxide were found to be. (0)17.41 cc., ( b ) 1509CC., 
and (c) none. Therefore, a small amount of amylase is present. 

Loagulase — Experiment 1 — (a) 10 cc prepared milk 4 1 cc extract 

( b ) 10 cc milk + 1 cc water 

(r) 10 cc milk + o 37 oc 01 N acetic acid 

(d) 10 cc milk 4* o 37 cc 01 N butyric acid 

Results* (a), coagulated to a firm mass in seven hours, whereas the 
others remained practically unchanged, showing that a coagulase on the 
order of rennin is present. 

Emuhtn — Experiment 1 —(a) 5 cc extract 4 5 cc of a 5% amygdalme^solution 
4 * 50 cc H *0 

(b) 5 cc extract 4 55 <-c H ? 0 

(r) 5 cc amygdaline solution 4 55 cC H *0 

(d) 3 cc amygdaline solution 4 5 cc of a o 5% emulsm solution 4 50 cc HiO 

The number of cubic centimeters of permanganate required for the 
cuprous oxide is as follows: (a) 28.53 cc., ( b ) 15.30 cc., (< c ) 1.10 cc., and 
(d) 39.34 cc. The results indicate that emulsin is present in the fresh 
plant to a marked degree. 

Imertasey-Expenment 1 — (a) 2 cc 10% cane sugar solution 4 5 cc extract 4 
50 cc HtO 

(b) s cc extract 4 52 cc HtO 

(c) 2 cc sugar solution 4 55 cc H *0 

(d) 2 cc sugar 4 2 cc. o z N HC 1 4 50 c« HiO. 

(*) 2 cc sugar 4 5 cc extract 4 50 cc H*0 4 (powdered) CaC6* 

(/) 5 cc extract 4 52 cc H 2 0 4 (powdered) CaCOj 
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Results: 0 b ), developed an acidity of 1.91 cc. 0.2 N NaOH. The titra¬ 
tions with permanganate were (a) 51.41 cc., (b) 15.10 cc. # (c) no reduction, 
(d) 21.96 cc., ( e ) 21.45 cc., and (/) 13.18 cc., which indicate the presence 
of invertase in small amount. 

Peroxidase — Experiment 1 — (a) 1 g pyrogallol + 10 ic of a j ' t volution of H2O2 
4 1 cc extract, diluted to 50 cc with water 

( b ) Same as (a) but without hydrogen i>ero\ide 

(t) Guaiacum emulsion 4 - 1 cc extract f- 3 <.1 ot a 3' ( H 2 0.> solution 4 * water to 
10 cc 

( d ) Same as (r), but without the H2O2 

(e) a-Naphthol 4 * 1 cc extract 4 * 1 cc % l / f HjO; 4 * HA) to to cc 
(/) Same as ( e ) but without the HAL 

Results: (a), immediately assumed a yellowish brown color, and in a few 
minutes a heavy brown precipitate appeared. In (b) no change, (c) 
developed the characteristic bluish precipitate at once, (1 d) no change for 
a long time, (e) a violet colored precipitate settled out in a few minutes, 
(f) remained unchanged. All these facts point to the presence of a per¬ 
oxidase but not to an oxidase. 

Pectinase. —The test for this enzyme with pectin from pears gave a 
more positive result than with the extract of the dry alfalfa. 

Protease (Casein Digestion) - Experiment 1 —(a) 25 cc extract 4 5' c casein solu¬ 
tion 

( b ) 25 cc water 4- 50 cc casein solution 

(Cj 25 cc extract + 50 cc water 

(d) 25 cc extract (boiled) 4“ 50 cc casein solution 

After digestion the forrnol titration resulted in: (a) 6.80 cc. 0.2 A’ NaOH, 
(6) 1.31 cc., (c) 2.95 cc., (d) 4.18 cc., which brings out the fact that a stronger 
casein digesting ferment is present in the fresh than in the dried plants. 

(. Peptone Digestion )— Experiment 2 —(a) 25 cc extinct 4 - 50 cc peptone solution. 

(b) 25 cc extract 4 - 50 cc H.O 

(c) 25 cc. water 4* 50 cc peptone solution 

(d) 25 cc (boiled) extract 4- 50 cc peptone solution 

Titrations were as follows: (a) 7.07 cc. 0.2 A T NaOH, (6) 3.29 cc., (c) 
1.78 cc., (d) 4.61 cc., showing that peptone is easily digested by tht enzyme. 

(E gg Albumin Digestion.)—Experiment 3—(a) 25 cc. extract 4 - 50 tc albumin 
solution. 

(b) 25 cc. extract + 50 cc H *0 

(0 25 cc. H2O 4“ 50 cc albumin solution. 

The titrations resulted as follows: (a) 3.15 cc., ( b ) 3.17 cc., (c) 0.12 cc. 
These results show conclusively that the protease in question is unable 
to digest albumin, and therefore not a peptonizing enzyme. 

Enzymes in the Fresh Alfalfa Root. 

Fresh alfalfa roots were dug and ground up in a meat chopper, treated 
with water, digested for a short time at 37 °, and the extract pressed out 
and filtered. The clear filtrate was used for the following experiments: 
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Lipase. — Experiment i. —(0) 25 cc. extract 4 * 3 cc. ethyl benzoate 4* 50 cc. B*0. 

(6) 25 cc. extract 4 - 52 cc. H« 0 . 

( c ) 2 cc. ethyl benzoate 4* 75 cc. H«0. 

(rf) 25 cc. extract 4 * 2 cc. dive oil 4 - 50 cc. HjO. 

( e) 2 cc. olive oil 4 * 75 cc. H* 0 . 

The titration with 0*2 N NaOH resulted in the following values: (a) 
2.48 cc., ( b ) 2.24 cc., ( c ) 0.07 cc., (d) 2.26 cc., (e) 0.08 cc., indicating that 
lipases are absent. 

Amylase —.Experiment 1 — (a) 5 cc extract 4 - 10 cc starch solution 4- 50 cc H* 0 . 

( b) 5 c<x extract 4 - 60 cc. HjO. 

(t) 10 cc starch 4 - 55 cc HiO 

In these experiments the reduced copper was determined iodometricaDy 
and the titrations with sodium thiosulfate resulted as follows: (a) 7.20 oc., 
(b) 5.85 cc., (c) no reduction, showing that amylase is present although to 
a less extent than in the stems and leaves. 

Coagulase .—Identical experiments with those under coagulase in the 
foregoing section were set up and after digesting the mixtures for 5 hours 
at 37 0 , a thickening of the milk in tube (a) was observed, whereas the milk 
in the other tubes remained unchanged. This points to the presence of a 
coagulase in the root extract also. 

Emulsin. —Experiments were run on the root extract corresponding 
to (a), (b) and (c) in the foregoing section, and after heating, the thio¬ 
sulfate titration resulted as follows: (a) 7.13 cc., (6) 5.80 cc., (c) no re¬ 
duction. Emulsin is present in very small amount in the roots. 

Invertase. — Experiment 1 —(a) 2 cc. cane sugar solution 4 - 5 cc extract 4 50 cc. 

H *0 

(b) 2 cc. sugar solution 4 55 cc H a O 

(r) 2 cc sugar solution 4 * 2 cc o 2 N HC 1 4 - 50 cc. H s O. 

( d ) 5 cc extract 4 - 52 cc. H* 0 . 

(r) 2 cc sugar solution 4 - 1 cc o 2 N HC 1 4 50 cc. H a O. 

The thiosulfate titrations resulted as follows: (a) 10.01 cc., ( b ) no re : 
duction, (c) 22.76 cc., (d) 5.80 cc., ( e) 12.40 cc. Invertase is thus present 
to a limited extent and nearly equivalent to 1 cc. of 0.2 N HC 1 . 

Peroxidase .—The same experiments as (a), (6), (c) and (d), of the 
foregoing section were carried out using root extract. The results may be 
given as follows: (a), formed a heavy brown precipitate immediately; 
(b), remained unchanged; (c), developed a deep blue precipitate immedi¬ 
ately; while (d), remained unchanged for several hours. These results 
indicate that peroxidases are present in the roots to a larger degree than in 
the sifpig and leaves, but no oxidases are present. 

Pecttiutse .—The results of the pectinase tests on the root extract resulted 
pOSitive - 

ProteaseyTasein Digestion ).— Experiment 1. —(a) 25cc.extract 4 - 50cc.caseinsolu- 
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(c) 25 cc. extract *f 50 cc. H s 0 

id) 25 cc. (boiled) extract + 50 cc casein solution. 

Formol titrations: (a) 4.52 cc. 0.2 N NaOH, ( b ) t.28 cc., (, c ) 2.23 cc., 
(d) 4 22 cc. These results indicate that no protease is present in the root 
extract. 

( Peptone Digestion ) — Experiment 2 — (a) 25 cc extract 4 - 50 cc peptone solution 

(b) 2 s cc H *0 -f 50 cc peptone solution 

(<) 25 cc extract 4- 50 cc H^O 

id) 25 cc extract (boiled) 4* 50 cc peptone solution 

The solutions were heated in the usual way and then titrated, giving 
the following values: (a) 5.33 cc., (6) 2.18 cc., (c) 2.23 cc., (d) 5.36 cc. 
The values for (a) and (d) are seen to be almost identical in this case also, 
and therefore no digestion of peptone. 

( Uhumin Digestion )— Experiment 3 — (a) 25 cc extract 4 - s<»cc albumin solution 
(/>» 25 cc HiO 4 - 50 cc albumin solution 
it) 25 cc extract 4- 50 cc H 2 0 

After heating, the titrations resulted as follows: (a) 2.38 cc., ( b) 0.10 cc., 
(c) 2.23 cc., showing that no digestion of albumin has taken place. 

Conclusion. 

The present investigation was designed to cover the more common 
enzymes encountered in vegetable juices and extracts, but no attempt 
has been made to isolate the different ones from their media, nor to study 
them in minute detail. Their presence in the water extracts of the dried 
and fresh alfalfa stems and leaves, as well as in the alfalfa roots has been 
determined qualitatively and in some instances with reference to the 
approximate amount. The following table sets forth the results obtained 
in the present investigation, together with those obtained on alfalfa seeds: 


Enzyme 

Dried plants 

Fresh plants 

Fresh roots 

Seeds 

Lipase 


+ («) 

— 

— 

Amylase 

4 (s) 

*+•($) 

Hs) 

4- 

Coagulase 

— 

+ 

+ 

4* 

Kmulsin 

4- v /) 

+(/) 

4-(j» 

f 

Invertase 

4 - 

+<0 

4- 

— 

Peroxidase 

4 *($) 

+ 

4-(/) 

4 -^ 

Maltase 

— 




Lactase 

— 




Pectinase 

+(/) 

-HO 

4- 


Protease (peptonizing) 

— 

— 

— 

— 

Protease (peptolytic) 

4 - 

+ 

— 

+ 


The presence of the enzyme is denoted by 4- and the absence by —. 
the (5) after the sign denotes, in small amount; and the (/) in considerable* 
or large amount. 

The diastatic power of the water extract of the dried plants was de¬ 
termined and found to be approximately 20. 

A slight alkalinity favors the action of the protease on casein, whereas 
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an add solution .above that spontaneously produced in the extract retards 
or inhibits this action. 

No digestion of egg albumin could be detected by the proteases in any 
part of the plant, but this substance invariably retards the action of the 
enzyme on casein. It was also found that the inhibiting influence of egg 
albumin on the casein digestion was proportional to the time of action 
and not to the temperature. 

It is hoped that a more detailed investigation of individual members 
of the alfalfa enzymes can be undertaken in the near future. 

Rmo,* Nevada. 


THE VOLATILE OIL OF CALYCANTHUS FLORIDUS. 

By Emerson R Miller, G W Taylor and M H Esrew 
Received August 20, J9J4 

The plant family Calycanthaceae comprises two genera and six or 
seven species, natives of North America and eastern Asia. The family 
is represented in the United States by four or five species of the genus 
Calycanthus L. (Butneria Duhamel ), all but one of which are found in the 
south eastern states. The remaining one is native to California. All 
of these are aromatic shrubs from two to ten feet high, growing on hill* 
sides and along streams. The flowers of the eastern species appear early 
in the spring, are brownish to brownish purple and exhale a delightful 
fragrance, compared by some to that of strawberry. Owing to their 
aromatic properties these plants are known commonly as Sweet Scented 
Shrub, Strawberry Shrub, Carolina Allspice, Florida Allspice, etc. The 
California species is known also by the names Spice Bush, Spice Wood, 
Wine Flower, etc. Plants of this latter species are a little larger than 
the others and have somewhat larger flowers of a livid red color. 

Though this genus may nof be rightly considered as being of much 
economic importance, two of its species, namely, Calycanthus floridus 
and C. fertilis (glaucus) are cultivated as ornamental shrubs both in this 
country and in Europe. Of further interest may be mentioned its re¬ 
puted medicinal and poisonous properties. Thus, according to the 
National Standard Dispensatory, the root, leaves and bark of C. fertilis 
are much used as an antiperiodic. This undoubtedly means as a so-called 
domestic remedy. Kings' American Dispensatory states that the same 
species has been suggested as a stimulant, antiperiodic and an aromatic, 
while the robt is said to be emetic. There are also reports of its having 
been poisonous to cattle. Other writers on medicinal plants include 
also the C. floridus . With the exception of the single phytochemical 
group of alltf^pids practically nothing is known of the chemistry of this 
genus. 

In 1888 the alkaloid calycanthine was discovered in the seeds of Caly- 
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canthus glaucus by R G Eccles 1 and a year later his work was confirmed 
by H W Wiley 2 who separated also about 47% of a fixed oil Since then 
se\ eral papers have been published by H M Gordin* who has shown that 
two alkaloids, calycanthme and isocalycanthine occur in the seeds 

\ccordmg to the experiments of A R Cushney 4 on the pharmacological 
action of calycanthme, its effect on the spinal cord is about the same as 
that produced by strychnine poisoning, though the spasms are shorter 

In mammals, calycanthme seems to act as a stimulant to the spinal cord 
and as a depressant to the heart In frogs it has, m addition, a weak, 
curare like action on the terminations of the motor nerves The symp 
toms arc so similar to those described in cattle from poisoning from caly- 
canthus that there can be no doubt that the alkaloid is the chief poisonous 
constituent ” 

In 1912 Mirande 6 reported finding in 100 parts of fresh lea\es of ( aly- 
canthuis flondus o 004 of HCN, the same amount in 100 parts of the leaves 
of C laemgatus , and 0016 in 100 parts of leaves of C occidental is 

In 1912 H W Brooks 6 examined the roots, leaves and flowers of C 
flondus for alkaloids and obtained results which make the presence of 
alkaloids very probable, especially m the leaves 

Experimental. 

The \olatile oil used in this investigation was separated b> steam dis¬ 
tillation from material collected mainly in the vicinity of Auburn, Ala 
According to the ‘Flora of the Met amorphic Region of Alabama * by 
1 < S Karle our material consisted mainly, if not entirely, of Calycanthus 
Horidus Most of the material was collected after the leaves had fallen, 
but any lea\es still remaining were remo\ed The shrubs were cut off 
just above the ground, allowed to become air dry, coarsely comminuted 
and then distilled with steam 

Three samples of oil were obtained, one m 1908-09, one m 1909-10 and 
another in 1911 12 The yield was 053^,0 25% and o 39%, respecti\ely 
The smaller, younger plants gave the best yield This might be expected, 
since mast of the oil is found in the bark, especially in that of younger 
stems 

Physical and Chemical Properties oj the Oih —In general appearance 
these oils were very similar, of a light yellowish color, a warm aromatic 
taste and a pleasant, refreshing camphoraceous odor suggestive of cineol 
Proc tm Pharm Assoc 36, 84 and 382 (1888) 
im Chem J 11,557(1889) Am J Pharm 63,96(1890) 

* Proc Am Pharm Assoc 3a, 345 (1904) Ibid , 53, 224 (1905) ^ HIS Journal 
* 7 » 144 (1905) Proc Am Pharm Assoc 56,805 (1908) Ibid 57, 889 (1909^ J Am 
Pharm 4 ssoc X, 849 (1912) 

* This Journal 27, 155 (1905) 

6 Compt rend 155, 783 925 (1912) 

4 Unpublished manuscript 
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All the samples were soluble in all proportions in 90% alcohol. Samples 
I sad III were soluble in 16 and 35 parts, respectively of 70% alcohol 
The specific gravity at 45 °/? 5 * was o 9209, o 9161, o 9136 
Optical rotation in 100 mm tube was +2 83, +2 84, +6 6 
Index of refraction at 26°, 1 4675, 1 4713, 1 4753 
Saponification number 12 5, 14 40, 16 6 
Saponification number of acetylated oils 75 1,-, 65 7 

Calculated as borneol and bomyl acetate these oils contained 4 37%» 5 04 c /c a 81 % 
respectively, of bomyl acetate, while Sample I contained 18 44% free borneol and 
Sample III 14 46% of free borneol 

Tests for Aldehydes and Ketones —With Schiff’s reagent and sodium 
bisulfite, negative results were obtained, but phenylhydrazme, when 
applied according to the directions of Mulhken 1 produced cloudiness indi¬ 
cating the presence of a ketone If a ketone is present it occurred m very 
small amount and is probably one which does not react with sodium 
bisulfite 

Test for Methoxy Compounds —When tested by the Zeisel method all 
samples gave negative results, showing the absence of compounds con¬ 
taining the methoxyl group. 

Identification and Quantitative Estimation of Cineol. 

All fractions formed an addition prodnct when treated with lodol 
This, after recrystallization from benzene, melted at 111 0 with decomposi¬ 
tion. Assayed by the official Phosphoric Acid Method, Sample I gate 
36% of cineol and Sample III 69% By the Resorcin Method Sample I 
gave 35% and Sample III 71%. The great difference m cineol content 
of the two oils may be explained m part by the fact that oil No I was 
obtained from older plants and apparently contains a higher percentage 
of pinene 1 

Examination for Phenol —The oil was first shaken with a weak solution 
of sodium carbonate in order to remove free acid, then shaken several 
times with a 2 5% solution of potassium hydroxide, the caustic alkali 
solutions were extracted with ether to remove unchanged oil, then acidified 
with dilute sulfuric acid and again extracted with ether After evapora¬ 
tion of the ether there remained a small amount of a reddish brown sub¬ 
stance in which, on standing, a very small amount of a crystalline solid 
appeared. This was pressed between filter paper and tested with ah 
alcoholic solution of feme chloode, which gave a dirty greenish brown 
color. Wheij water was added to this a purple color was formed This 
is an indication of salicylic 4ad 

Saponification and Fractionation of the Oils —Sample I was boiled an 
1 "Identification of Pure Organic Compounds,” Vol I, 134 

* It seems ttf be generally considered, however, that the younger the plants the 
larger the percentage of terpenes "The Volatile Oils,” GUdemeister-Kremers Vol I, 
P *85 
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hour on £ water bath with an excess of 0.5 N alcoholic solution of potassium 
hydroxide* The alcohol was then distilled off on a water bath, the residue 
mixed with water, the oil separated, washed, dried and fractionated three 
times under a pressure of 3 mm. Table I shows the fractions obtained, 
with the rotation, index of refraction and density of each. 


Table I 


No of 
fraction 

Boiling 

temp 

«25° 

d 26 ° 

«!>• 

*h>27 0 . 

I 

50-55° 

O 9064 

+ 3 3 ° 

I 4580 

2 

55--6o° 

O 9090 

+ 4 1 ° 

1 4585 

3 

60 80 0 

O 9203 

4-2 1° 

l 4647 

4 

80-90° 

O 9227 

+ 92° 

l 4796 

5 

90- 100 0 

O 9380 

4-14 3 ° 

I 4854 

6 

100-110° 

O 9431 

+ 11 7 ° 

I 4895 

7 

no- 120° 

O 9401 

4-8 3 ° 

1 4948 

8 

T 20—130 ° 

O 9340 

4-4 9 ° 

I 4982 

9 

130 - 140 ° 

O 9571 

— x i° 

I 4987 


These fractions were then distilled under atmospheric pressure, yielding 
fractions with the following boiling temperatures 

1 155-160°, 2, 160-170°, 3, 170-176°, 4, 176-180°, 5, 180 190°, 6, 190-200°; 
7 2»*> 210°, 8 , 210-220°, 9, 220- 230°, lO, 230-240° 

Sample of oil No. Ill, after j^moval of phenol, was saponified, then 
fractionated four times under a pressure of 15 mm. and once under at¬ 
mospheric pressure. Table II shows the fractions obtained with the 
rotation, index of refraction and density of each. 


Table II 


No of 
fraction 

Boiling 

temp 

<26° 

das 0 



I 

160-170° 

0 898 

4-5 5° 

1 45959 

2 

170-175° 

0 904 

4” 4 3° 

1 45859 

3 

175-185 ° 

0 921 


1 46429 

4 

185-200° 



j 46806 

5 

200-210° 

0 939 

4-15 8° 

1 47681 

6 

210-220° 

0 943 

4-17 8° 

1 48179 

7 

220-240 0 

0 926 


1 48711 

8 

240-260 ° 

0 926 

4- 9 95° 

1 49668 

9 . 

260-273° 

0 895 

— 4 7° 

1 48841 

In addition 

to these fractions, 

there was 

obtained from 

the alcohol 


which was distilled off from the saponification mixture a small amount 
of an oil which boiled between 155 0 and 160 0 . 

Identification 0/ Pinene .—The fraction boiling at 155* 160° was treated 
b y the method of P. Ehest&dt 1 for the preparation of pinene nitrosyl 
chloride. The product obtained was purified by dissolving it in chloro¬ 
form and precipitating by the addition of methyl alcohol. The substance 
thus obtained melted at 101-102 °. A nitrolbenzylamine also was pre¬ 
pared which melted at 122-123 °. The preparation of these two com- 
1 Report of Schimmel & Co , April, 1910, 164. 
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pounds may be considered as proof of the presence of pinene. As shown 
by the optical rotation it is a mixture of dextro- and levo-a-pinene with 
the dextro- form slightly predominating. The low dextro-rotation may 
also be accounted for in part by the presence of cineol, which is optically 
inactive. The index of refraction of the lowest boiling fractions is lower 
than that of pinene while the density is higher. Both of these points of 
difference are likewise explained by the presence of cineol. 

Identification of Cineol. —The fractions boiling between 170° and 180 0 
in the case of oil No. I, and those boiling between 170° and 185° in the 
case of oil No. II, were composed chiefly of cineol, as shown by the odor, 
boiling temperature, density, the iodole test and by the fact that the 
greater part was dissolved by a 50% solution of resorcin. 

Test for Linalodl. —Fractions boiling between 180° and 200 0 were 
Oxidized with chromic acid mixture, the mixture neutralized and distilled 
with steam. The liquid recovered had a light yellow color and an odor 
suggesting that of citral. This was treated with semicarbaaide hydro¬ 
chloride according to Zelinsky 1 for the preparation of semicarbazones. 
The substance obtained was recrystallized from methyl alcohol and the 
melting point determined. It began to soften at 193° and melted at 
about 200 0 . Citral forms two semicarbazones, one melting at 164° and 
the other at 171-172°. Camphor semicarbazone melts 236-238°. The 
product obtained in this experiment was probably a mixture of citral 
semicarbazone and camphor semicarbazone, since borneol was proved to 
be a constituent of the next higher boiling fraction. 

Test for Camphor . Identification of Borneol. —The fractions boiling be¬ 
tween 200° and 240° were fractionated again twice, collecting in one 
fraction all that portion which distilled between 200° and 220°. Some of 
this was treated with hydroxylamine hydrochloride in the usual manner 
for the preparation of camphor oxime. The result was negative. The 
remainder of this fraction was oxidized with Beckmann’s chromic acid 
mixture, the add neutralized and the mixture distilled with steam. The 
oil obtained was treated with hydroxylamine hydrochloride. An oxime 
was obtained which, after recrystallization from diluted alcohol, had the 
melting point, 118-119 °. The melting point of camphor oxime is generally 
given as 117-119 °. 

The high boiling portion of the oil was not identified. Judging from 
the boiling«temperature, the index of refraction and the density, it probably 
consists of one or more sesquiterpenes. As will be seen from Table III 

Table III. 

Boiling point. Density. Rotation Index of refraction 

Caryophyllene. . 258-260° o 908 at 15° —8 7 0 1 49970120° 

Fraction No. 9 . . 260-273° o 895 at 25° —4 7 0 1 48848126° 

’ Ber. t 30, 1541 (1897) 
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there is a fair degree of agreement between the physical constants of 
caryophyllene and those of one of the high boiling fractions of oil No. III. 

But an attempt to prepare caryophyllene hydrate resulted negatively. 
The amount at hand was not sufficient for further tests. 

Identification of Acids. 

The alkaline liquid resulting from the saponification of oil No. I was 
evaporated to a small volume, acidified and distilled with steam. The acid 
distillate was neutralized with sodium hydroxide and precipitated with 
silver nitrate. Very decided t eduction of the silver occurred, indicating 
the presence of formic acid. 

The distillate from oil No. I was neutralized with sodium carbonate 
and evaporated to a small volume. Oil No. I was shaken with a 2-3% 
solution of sodium carbonate, the aqueous liquid evaporated to a small 
volume and mixed with the concentrated distillate, the mixture acidified 
and distilled with steam. The distillate was neutralized with sodium hy¬ 
droxide and precipitated with silver nitrate. The dried salt gave upon 
ignition 50.2% of metallic silver. 

The alkaline liquid resulting from the saponification of oil No. Ill was 
concentrated, acidified and distilled with steam. The distillate was col¬ 
lected in two portions, neutralized with ammonia and precipitated with 
silver nitrate. The amount of the first precipitate was very small. The 
precipitate from the second fraction yielded, upon ignition, 63.66% of 
metallic silver. 

From the portion remaining in the flask a silver compound was pre¬ 
pared which, upon ignition, left a residue of 38.16% of metallic silver. 

The silver salts of some of the fatty acids which occur in volatile oils 
contain the following percentages of silver. 

Of acetic acid, 64 64%, butync acid, 55 34%, valerianic acid, 51 64 % , caproic acid, 
48 39%, caprylic acid, 42 59%, capric acid, 38 67% 

The results obtained indicate therefore that the oils contain formic 
acid, acetic acid and at least one other (higher) fatty acid. 

Summary. 

From the foregoing investigation it follows that oil of Calycanthus 
flondus contains the following compounds, the cineol predominating: 


1 d-a-Pinene 5 

2 /-a-Pinene 6 

3 Cineol 7 

4 Borneol 8 

Alabama Polytechnic Institute, 

Auburn, Ala 


Linalodl? 

Bomyl acetate 
Salicylic acid 
One or more esters m ad 
dition to bomyl acetate 
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THE HYDROGEN NUMBER OP SOME ESSENTIAL OILS AND 
ESSENTIAL OIL PRODUCTS. I. OILS OF SASSAFRAS, 
ANISE, FENNEL, CLOVE AND PIMENTA. 

By Alan R. Albright. 

Received August 24, 1914 

Introduction. 

This paper describes a new method for the examination of certain 
ethereal oils. It depends on the fact that some unsaturated compounds 
in such oils are capable of quantitative hydrogenation in a solution of 
colloidal palladium. S. Fokin 1 suggests a “hydrogen number” for un¬ 
saturated aliphatic compounds, using molecular platinum as catalyzer, 
but states that no cyclic unsaturated compound will give this. It has 
been found that a “hydrogen number,” corresponding to the iodine number 
of fatty oils, may be ascribed to some ethereal oils of the type to be dis¬ 
cussed. ' 

Catalyzer .—The colloidal palladium used in this work is a commercial 
product,* but it may not be amiss to describe very briefly its preparation. 8 
A solution of a palladium salt is added to a solution of an alkali salt of an 
acid of high molecular weight, in this case the sodium salt of protalbinic 
add (an egg albumin decomposition product). An excess of alkali dis¬ 
solves the predpitate formed and the solution is said to contain the pal¬ 
ladium in the form of a hydrosol of its hydroxide. This solution is purified 
by dialysis and the hydroxide reduced with hydrazine hydrate. On 
further dialysis and evaporation to dryness there is obtained a water- 
soluble product consisting of colloidal palladium and sodium protalbinate 
in the form of black shining lamellae, which contains about 60% palladium. 
The sodium protalbinate present in the mixture acts, when the material 
is in solution, as a “protective colloid.” 4 

As is well known, colloids in general are precipitated, “flocked out,” 
+ — 

by ions (e. g., As*S* by HC 1 ), due to a transfer of electrical charges, but 
in the presence of a protective colloid relatively large amounts of elec¬ 
trolytes are necessary to bring this about. 

Hydrogenation involving the use of colloidal palladium differs from 
some other processes of catalytic reduction in that the reaction has not 
been observed to proceed in the absence of water nor if the proportion of 
water in tile reaction mixture be too small. For instance, in the case of 

1 J Russ. Phys. Chem. Soc., 40, 700-9 (1908); cf. Chem. Zentr ., 1908, II, 2059* 
also C. A , 3, 1009 (1909). 

3 Prepared, by Kalle & Co., Biebrich, am/R. Price about $2.40 per gram. See 
Paal and Hartman, Ber., 43, 248-9 (1910). 

1 Paal and Amberger, Ber., 37, 124 (1904); Chem. Zentr. , 1904, I, 572. 

4 Paal and Araberger, loc. cit., see also Skita and Franck, Ber., 44, 2862 (1911); 
Chem. Zentr., 19x1, II, 173. 
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cottonseed oil, a portion of this material showed no absorption of hydrogen 
on being shaken with a small quantity of powdered colloidal palladium. 
The same result was obtained whether the oil was suspended in .95% 
alcohol or dissolved in acetone. On adding 15 to 20% of water to the 
acetone solution, however, reduction took place at a fairly rapid rate. 
If this more convenient form of colloidal palladium be not available, a 
substitute may be prepared as needed in the following way: 1 0.05 g. pal- 
ladous chloride (the quantity generally used in our experiments), is placed 
in the shaking flask described below, followed by 50 cc. of 50% alcohol 
and 1 or 2 cc. of a 1% aqueous solution of gum arabic (the weight of gum 
used being about one-fourth the weight of the PdCl*). On shaking this 
mixture in an atmosphere of hydrogen, the chloride is reduced with forma¬ 
tion of a black solution of colloidal palladium, which is rendered stable, 
/. c., “reversible,” by the small quantity of the reversible colloid present, 
gum arabic. While this solution may be substituted for that of the 
technically prepared substance, it is actually more expensive, as experi¬ 
ments show that 0.02 g. colloidal palladium costing $0,048 is at least as 
active as 0.05 g. PdCl 2 , costing $0,075. Paal’s colloidal palladium and 
palladous chloride contain approximately equal percentages of the 
metal. 


Certain substances are regarded as poisonous with respect to colloidal 
palladium, for example, formaldehyde contained in impure methyl alcohol 
is said to be harmful, and allyl isothiocyanate entirely inactivates it, so 
that mustard oil, although theoretically coming within the category of 
available experimental material, cannot be treated. 

No attempt is made to isolate either the colloidal palladium as such, 
or the hydrogenated sample, but the palladium may be recovered by 
evaporating the reaction mixture to dryness, igniting, converting the 
metal into the chloride and boiling the solution of this to obtain palladous 
chloride, which may be used in place of colloidal palladium as previously 
described. 


Apparatus. —The apparatus used in this laboratory, which is shown in 
Pigs. 1 and 2, is similar in princi- c 


pie to that devised in the organic 
laboratory of the University of 
Ctittingen. Its fundamental parts 
are the camshaft, carrying four 
eccentrics; the shaking baskets 
“A,” attached to the cams and 



suspended from pulleys on a sup- 
P°rting rod; the absorption flasks 


B,” which are placed in the wire baskets; the gas buret connected 


1 Skita and Franck, loc. cit. 
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by means of a T tube both with the source of hydrogen and with the ab¬ 
sorption flask. Power is supplied by a one-eighth h. p. motor belted to. 
the qam-shaft. When in operation, the shaft has a speed of about 200 
revolutions per minute. Hydrogen is supplied from a Kipp generator, 
or from a steel cylinder and is purified by being passed through a large 
wash bottle containing alkaline saturated permanganate and is washed 
with water at each gas buret by a separate wash bottle. 

Manipulation .—The manipulation of a reduction is as follows: The 
air is first displaced from the entire apparatus by passing through it a 
current of hydrogen, after removing the stopper “C,” and lowering the 
reservoir "D,” so that sufficient water remains to form an air trap at the 
lower bend of the buret. The levels in both arms of the U tube are then 
equalized at the zero mark. The three-way stopcock “E,” is then closed, 
the stopper “C,” which had been replaced during the flushing of the buret 



with hydrogen, is removed, and 0.02 g. dry colloidal palladium introduced 
while a current of hydrogen is passing through. Then 50 cc. of 50% 
alcohol are added, the stopper replaced, the stopcock “F,” closed (shown 
only in photograph) the three-way cock “E,” momentarily opened to the 
air to equalize the pressure in the apparatus with that of the atmosphere, 
and the flask shaken until no more hydrogen is absorbed. In this tffey 
the errors due to (1) absorption of hydrogen by the catalyzer, (2) iffaHu- 
bility of the gas in the solvent, and (3) consumption of hydrogen by 
oxygen dissolved in the solvent, are removed from consideration. The 
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buret is again filled to the zero mark with hydrogen and the shaking 
flask tilted until the palladium solution has drained from the concave 
“substance table'’ “G." The substance under investigation is dropped 
into this table from an oil pipet (weighing bottle), 1 again preventing tke 
entrance of air by maintaining a current of hydrogen through the ap¬ 
paratus. The purpose of this “substance table" is to prevent contact 
between the catalyzer and substance under examination until the operator 
is ready to start the experiment. The stopper “C," is replaced, the cock 
“F," is closed and the cock “E," opened momentarily to the air agafc. 
Connection is then made by the same stopcock between the shaking fl&lk 
and the buret and the machine is at once set in motion. The absorption 
of hydrogen is carefully watched, maintaining the same water level in etyQh 
side of the buret by regulating the flow of water from the reservoir. Wl^n 
the reaction is finished, a decided and abrupt decrease in the rate of ab¬ 
sorption occurs. On the accuracy of the observation of this point depths 
the accuracy of the determination The end point may readily be fq|pd 
otherwise by noting the buret reading at frequent intervals, e. g., every 
15 seconds, and plotting volume against time on coordinate paper, when 
the break in the resulting curve will give the desired result. This point 
was found in each of the cases to be described by drawing a straight Jjpe 
through the first points, then connecting with a smooth curve those points 
which lie at the right. The juncture of the straight line representing the 
main reaction, with the curved line representing absorption of hydrogen 
by secondary substances, is taken as the end point. The sample weight 
should be so adjusted that 100 cc. or less of hydrogen will be needed, bpt 
in case more than one buret of the gas is to be absorbed, the procedure is 
as follows: First, the reading is noted and the damp “H," dosed (without 
interrupting the shaking); then the reservoir is lowered and the cock “lf f " 
opened until the water in the graduated branch of the U tube is fordfcd 
by the pressure of hydrogen from the cylinder down to the level of tltfet 
in the other and then dosed, again reading the buret. The reservoirjjte 
hung in the hook, an amount of water equal to about twice the quant 
of hydrogen which has been absorbed during the time of refilling the bu 
(roughly calculated from the previously observed rate of absorption) I 
allowed to enter the right arm, and the partial vacuum which has been 
formed in the shaking flask is released when the clamp “H," is opened. 
The levels in the two arms of the buret are equalized and the absorption 
continued to completion. 

Application ,—Every essential oil contains at least small quantities®^ 
unsaturated, substances, consisting, for example, of one or more terpeira, 
such as limonene, or phellandrene, 

1 Devised by H. S. Bailey of this laboratory. 
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Phcllandrene (a) 


and theoretically a measure of the total “degree of unsaturation” might 
present a factor useful in judging the purity of the product. Not all 
double bonds, however, are hydrogenated with equal ease, owing to effects 
of molecular configuration, and some are only very slowly attacked by 
activated hydrogen. For example, limonene is first reduced to carvo- 
lijenthene, 1 citral to citronellal, 2 carvoxime to carvotanacetoxime, 3 the 
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1 With Pt black as catalyzer, Vavon, Chem ZetUr , 1914, I, 1506, with CuO as 
catalyzer Ipatieff, C A , 5, 891 (1911) 

* Skita, Ber, 42,1627 (1909), cf Chem Zentr ' 1909, 1 , 1931; also C A ,3, 2 159 (1909) 

3 Albright, "Inaugural Dissertation," Gdttingen, 1912; Wallach and Albright, 
Ann . 403, 73 (l9»4) 
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second bond in each case requiring considerably longer treatment for 
complete saturation. 

Thus it is seen that the application of a quantitative method in such 
cases may be attended by unsatisfactory results, in that far too much time 
may be required for a determination, with possible attendant errors of 
changing atmospheric temperature and pressure. 

Some oils, however, contain compounds which are completely and very 
rapidly reduced, and it is with oils of this type that the present paper deals. 
Most notable are those containing a constituent which has within its 
molecule an allyl or propenyl group, as the double bonds in such groupings 
are generally capable of very rapid hydrogenation. (Allyl isothiocyanate 
mentioned before is an exception.) In fact, some compounds of this type 
are so rapidly reduced that, when an oil containing one of them is under 
examination, the reaction seems to take a selective course, in that these 
bonds are quantitatively saturated before those in other configurations 
are attacked to more than a slight extent. As a matter of fact, however, 
the reaction is not to be considered rigidly selective, and it is in this fact 
that the principal error of the determination lies. Nevertheless, in most 
cases the change in velocity of hydrogen absorption, after the allyl or 
propenyl group has been saturated, is sufficiently abrupt so that there is 
no mistaking the end point of the reaction. It is the quantity of hydrogen 
absorbed in this first and most vigorous action that fixes the “hydrogen 
number'’ of the oil. In other words, the hydrogen number of an oil is 
the number of cc. of hydrogen, reduced to the volume it would occupy 
at o° and 760 mm. pressure, which are absorbed by 1 g. of the material in 
question during the above described period of most rapid absorption of the gas. 
This quantity has been found to be characteristic of the several oils namecL- 
and gives a direct measure of the proportion of the active constituent 
present. For example, from the hydrogen number of clove oil they per¬ 
centage of eugenol may be readily calculated by multiplying by the factor 
0*0073, the weight of eugenol equivalent to 1 cc. of hydrogen. * The 
results are generally slightly too high because of the absorption of hy drogen 
by secondary substances in addition to that due to the main reaction. 
By using an appropriate factor weight the buret reading, reduced t_o stand¬ 
ard conditions, will give the percentage direct of these substances, ,T of course 
with the same qualification regarding error. 

The method of procedure in the working out of the hydrogel number 
and of the ^timation of the principal constituents of the oils * under con¬ 
sideration was as follows: first, the active constituents of the oils, namely, 
safrol, anethol, and eugenol, were prepared in as pure a condition as possi¬ 
ble and hydrogenated, in order to prove that they may be quantitatively 
reduced, and that the break in the curve showing the absorj )tion rate, 
which is apparently a straight line during the main reaction, ^actually 
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represents the complete saturation of the one active double bond m each 
compound Then an imitation oil was prepared, made up of the active 
constituent mentioned, in the approximate proportion in which it occurs 
in the natural oil, while the remaining percentage* was represented by pure 
limonene Timonene itself absorbs hydrogen fairly rapidly, and was 
chosen from among other terpencs for that reason, so that as severe a 
test as possible might be made Finally, samples of commercial oils were 
subjected to the same process 

Experimental. 

I he Reduction of Safrol A commercial sample of safrol was redistilled, 
b p 760 mm, 236 o° (mercury entirely in vapor) This slibstance is 
reduced to dihydrosafrol with extreme ease The speed of reaction and 
sharpness of the end point are remarkable One tenth gram colloidal 
palladium dissolved m about 40 cc 50% alcohol was saturated with 
hvdrogen, then 4 63 g safrol were introduced Absorption began as soon 
as agitation was commenced, proceeded at a constant rate and ended 
very abruptly In ten minutes 720 cc of hydrogen measured at 22 0 and 
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75S mm. had been absorbed. This is equivalent to 632 cc. at o° and 
760 mm., whereas 4.63 g. safrol should theoretically absorb 641 cc. The 
reaction product was isolated by distilling with steam, dried with fused 
calcium chloride and distilled under ordinary pressure, b. p., 234.3-234.5 0 
(mercury entirely in vapor). 

o 2026 g of substance gave o 1375 g HjO and o 5461 g COt 
Calculated for CioHuCV H «= 7 3, C « 73 2, found 7 6. 73 5* 

Specific gravity 156V156 0 « 10759, nj> 15 6° * 15228, MR* 4660, 
calculated * 46 1 

Dihydrosafrol is a colorless oil, stable several minutes toward dilute 
alcoholic permanganate; quite stable toward dilute aqueous permanganate. 
The odor is very similar to that of safrol. 

Since the work upon which this paper is based was begun, there has 
appeared an article by Ipatieff 1 in which are described the reductions of 
anethol, eugenol, and safrol with nickel and hydrogen under about 50 
atm. pressure and at from 92 0 to 95 The preparation of reduction 
products for the purpose of analysis has been limited to safrol, since the 

author’s results agree with those 
of Ipatieff, and since there is 
every reason, from theoretical 
and experimental considera¬ 
tions, to assume that the re 
actions, in the case of anethol 
and of eugenol, proceed normally 
as indicated in the above for¬ 
mulas. 

Fig. 4 gives a typical curve 
showing the rate of absorption 
of hydrogen by safrol. The raw 
material was a sample of com¬ 
mercial safrol, “Pure U. S. P M 
This was frozen and pressed out, then distilled under 763 mm. pressure, 
b. p., 236.3-236.6° (mercury entirely in vapor). 

As described before, 0.02 g. colloidal palladium with 50 cc. 50% alcohol 
were saturated with hydrogen in the shaking flask, after which 0.5119 g* 
of the substance was introduced. The hydrogen was measured at 24.5 
766.5 mqj. The break in the curve occurs at 80.0 cc., equivalent at o°, 
760 mm. to 69.4 cc., whereas the theoretical absorption is 70 7 cc. Hy¬ 
drogen number, 135.6; safrol = 98.3%. Each of a number of reductions 
of safrol gave a result 1 to 2% too low, indicating the probable presence of 
some muclrless active substance difficult to separate from safrol. 

Fig. 5 shows the rate of absorption of hydrogen by pure limonene from 

1 Bet , 46, 3589 (1913), cf. Chem Zentr , 1914,1, 140 
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lemon oils, redistilled several times over sodium The catalytic reagent 
consisted, as in each of the cases to be described, of o 02 g colloidal pal 
ladium in 50 cc 50% alcohol The 
sample weighed 00390 g and the 
gas was measured at 25 °, 766 mm 
Fig 6 represents the reduction of 
a factitious sassafras oil, a mixture 
of 4000 g redistilled commercial 
safrol and 1 000 g limonene The 
quantity taken was o 561 g and 

the break in the absorption curve p, g 5 — Limontnt 

occurred at 73 7 cc measured at 

26 5 0 , 765 5 mm At o°, 760 mm this is equivalent to 62 8 cc giving 
a hydrogen number of 1119 Eighty per cent of o 561 g or 0449 g 
safrol at o°, 760 mm should absorb 62 2 cc , the error bung due pn 

marily to the 2o c ( of limontm 
present The proportion of safrol 
calculated from the absorption is 

81 1% 

Fig 7 represents tl hydrogena 
tion of an authentic sassafras oil 
Curve 1 gives th< result obtained 
using 04261 g oil, Curve 2 using 
05071 g No 1 absorbed 510 cc, 
No 2 60 o cc, each measured at 
25 °i 763 4 mm At o°, 760 mm , 
absorption by No 1 would have 
been 43 9 ce , giving a hydrogen 

number of 103 1, and a safrol con 
Fig 6 Imitation Sassafras Oil tent of ?4 by No 2> 5I 7 cc , 

giving 102 o as the hydrogen number, and 74 0% as the safrol content 
Fig 8 shows the course of a reduction of pure anethol, prepared by 
freezing and pressing out a sample of commercial anethol The quantity 
taken was 04417 g , the sharp break in the absorption curve coming at 
79 2 cc measured at 28°, 762 4 mm This is equivalent at o°, 760 mm to 
66 5 cc Theory requires an absorption of 66 8 cc at o°, 760 mm Hy 
drogen number, 150 5 anethol = 99 6% 

Fig 9 represents the reduction of an imitation anise oil, made of 8 000 g 
pure anethol and 2 000 g pure limonene No 1 shows the result obtained 
with o 4180 g of the mixture The break occurs at 61 cc measured at 
24 5°» 759 111111 This is equivalent at o°, 760 mm to 52 3 cc , giving a 
hydrogen number of 125 1, and an anethol content m the oil of 82 4% 
For No 2, o 3220 g was taken The break is at 47 5 cc measured under 
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the same conditions as for No. i, equivalent at o°, 760 mm., to 40.9 cc. 
Hydrogen number, 127.0; anethol = 83.7%. 



mercial 


1 Z 0 J 2 

Minutes 

Fig. 7 — Authentic Sassafras Oil. 

10 shows the results obtained with a commercial anise oil. F01 
- ————————— No. 1, 0.4109 g. was taken. The 

■ >£—— - ,, = : — end point is at 61.1 cc. measured 

-at 26°, 756 mm., equivalent to 51.; 

-cc. at o°, 760 mm., giving 125.8 as 

-the hydrogen number, and 82.9% 

- 1 — as the anethol content. For No. 2, 

-0.4019 g. oil was used, the end point 

_occurring at 60.6 cc. measured under 

_ II _the same conditions as No. 1, equiva- 

1 11 L, 1 { lent to 51.2 cc. at o°, 760 mm. 

; Minutes * 3 H yd* 0 gen number, 127.3; anethol = 

Fig. 8.—Anethol. ^ 3 * 9 %- 

Fig. 11. A representative com- 
fennel oil. No i. 0.5378 g. absorbed 62.0 cc. at 22°, 764.4 mm., 



Minutes 

Fig 9 —Imitation Anise Oil 
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Fig. 11.—Commercial Fennel Oil. 


equivalent to 54.4 cc. at o°, 706 
mm., giving 101.3 as the hydrogen CC 
number, which represents 66.8% SO 
anethol. No. 2: 0.6330 g. at 23 °, 

764.4 mm., absorbed 74.5 cc., 
equivalent to 65.0 cc. at o°. 760 60 
mm. Hydrogen number, 102.7; ^ 
anethol = 67.7%. 

Fig. 12 represents a reduction 40 
eugenol. The raw mateiial was ^ 
a commercial eugenol, “Pure 
U.S. P.” It was redistilled, b. p., 20 
13 mm., 150-152° (imeor.). 0.4769 
£• absorbed 77.7 cc. at 30°, 762.7 
mm., equivalent to 64.1 cc. at o°, 

760 mnj. Theoretical absorption, 

65 i cc. Hydrogen number, 134.4; 
eugenol * 98.3%. 
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Af/nufes 
Fig. 12 — Eugenol 
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Fig. 13 shows results obtained on hydrogenating a mixture of 8.000 g. 
redistilled eugenol and 2.000 g. limonene. No. 1: 0.4620 *g. absorbed 
60 2 ec. at 24765 mm., equivalent to 52.3 ce. at o°, 760 mm. Hydrogen 
number, 113.2; eugenol = 82.8%. No. 2* 0.4806 g. absorbed 62.8 ec. 
under the same conditions, equivalent to 54.5 cc. at o°, 760 mm., giving 
11 }.3 as the hydrogen number, which represents 82.8% eugenol. 

Fig. 14 shows the results of two experiments with a commercial clove oil. 
For No. 1, 0.4104 g. was taken, which absorbed 55.0 cc. at 26°, 763 mm., 
equivalent to 47.0 cc. at o°, 760 mm. Hydrogen number, 114.6; eugenol 
= 83.8%. For No. 2, 0.4339 g. oil was used. The absorption at 27 °, 
763 mm. was 58.3 cc., equivalent to 49.5 cc. at o°, 760 mm. Hydrogen 
number, 114.0, eugenol = 83.3%. 

Fig. 15 represents reductions of pimenta oil. For No. 1, 0.4592 g. of a 
representative commercial oil was taken, which absorbed at 27 °, 763 mm., 
53.0 cc., equivalent to 44.9 cc. at o°, 760 mm. Hydrogen number, 
97.8, eugenol = 71.5%. For No. 2, 0.6830 g. of the same oil was used. 
Under the same experimental conditions there were absorbed 78.7 cc., 
equivalent to 66.8 cc. at o°, 760 mm. Hydrogen number, 97.8; 
eugenol = 71.5%. 

The values for the vapor pressure of the solvent (50% ale ^hol), used in 
calculating these results were interpolated between figures published by 
Doroschewski, 1 and are given in Table I. 

Table I. 



V p 50 % alcohol 



Temperature 

in mm. mercury 

Temperature 

V.p 

22 O 

42 7 

26 0 

52 5 

22 5 

43 8 

26 5 

54 0 

23 O 

45 0 

27 0 

55 5 

23 5 

46 2 

27 5 

57 0 

24 0 

47 4 

28 0 

58.8 

24 5 

48 5 

28 5 

60 5 

25 0 

49 7 

29 0 

62 6 

25 5 

50 9 

29 5 

64 4 



30 0 

66 8 


Experiments carried out in this laboratory indicate that the effect of 
either the catalyzer or oil upon the vapor pressure of the alcohol is negli¬ 
gible. 

The results of the above described experiments are given in Table II. 

It is planned to obtain a number of additional authentic samples of 
these and of other oils, so that this table may be amplified and limits for 
the hydrogen numbers set. It is further our intention to adapt the method 
to those materials which at present seem to offer greater difficulty, and to 
devise a simpler and less expensive form 6f apparatus which may aid the 
method in finding commercial application. 

1 Z. phystk Chem., 73, 192 (19m). 
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Table II 





Per cent 

Theoretical 



Hydrogen 

of active 

per cent of ac¬ 

Figure 

Substance 

number 

constituent 

tive constituent 

3 

Safrol 

135 6 

98 3 

IOO O 

4 

Limonene 




5 

Imitation sassafras oil 

ill 9 

81 1 

80 O 

6 

Authentic sassafras oil 

103 1 

74 8 




102 0 

74 0 


7 

Anethol 

150 5 

99 6 

100 0 

8 

Imitation anise oil 

125 1 

82 4 

80 0 



127 0 

83 7 

80 0 

9 

Commercial anise oil 

125 8 

82 9 




127 3 

83 9 


10 

Commercial fennel oil 

101 3 

66 8 




102 7 

67 7 


ll 

Eugenol 

134 4 

98 3 

100 0 

12 

Imitation clove oil 

113 2 

82 8 

80 0 



113 3 

82 8 

80 0 

13 

Commercial clove oil 

114 6 

83 8 




114 0 

83 3 


14 

Commercial pimenta oil 

97 8 

7 i 5 




97 8 

7 i 5 
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THREE ISOMERIC ETHYL SECONDARYBUTYL HYDROXYL- 

AMINES. 

By Laudbr William Jones and Lsonoka Neuvebr 
Received July 31 1914 

By the substitution of two different groups for hydrogen in hydroxyl- 
amine, three isomeric compounds are possible and may be represented 
by the following general formulas 


R>\ 

>N—OH 

Ri\ 

>n-or 2 

H \ 

>N—ORj 

r/ 


w 

r/ 


A 

B 

C 


Compounds of the type A, 0 , 0 -derivatives, 1 were first prepared by Bewad. 1 
The first representative of types B and C, a, ^-derivatives, was the a- 
benzyl-j3-ethyl derivative prepared by Behrend and Leuchs 3 m 1890. 
Since then no compounds of the type containing two different radicals 
were described until Jones, 4 m 1907, prepared two isomeric compounds, 
vtz , a ethyl j 3 -methyl and a-methyl /3 ethyl hydroxylammes 

It is the purpose of the present paper to describe the preparation and 
properties of two new a,0-dialkyl hydroxylammes, which are isomenc 
1 In this paper a *= attached to O 0 * attached to N 
* Bewad Bet [11479 (1888) J russ phys Chem Soc 32,420(1900) 

1 Behrend and Leuchs Ann 257, 237 (1890) 

4 Joms 4 m Chem J 38, 253 (1907) 
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with the first dialkyl hydroxylamine prepared by Bewad, namely, &- 
ethyl-j9-secondarybutyl hydroxylamine The following formulas repre¬ 
sent the three isomers 


CjHbv 

sec C 4 H»v 

C*Hs V 

^>N—OH 

>N—OC 2 H, 

>N-0 C4H1 sec 

cih—cr 


Yv 

H CsHt, 

I 

II 

III 

Historical. 

I P-Ethyl p-Secondarybutyl Ilydroxylammt 

In an article on the action 


of zinc ethyl on mtro compounds of the fatty series and on their bromo 
derivatives published in 1888, 1 Bewad described, what he believed 
to be, triethyl hydroxylamine obtained by the action of zinc ethyl 
on nitroethane In tins first stage of the reaction he obtamed a crystalline 
compound which he assumed to have the formula 2 C 2 IIrN 0 2 -f- 
Zn(C 2 H 6 ) 2 The subsequent disappearance of these crystals was ex 
plained by the foimation of (C 2 H ft ) 3 N(OZnC2ll6) 2 which interacted with 
water to give the hydrate of triethyl hydroxylamine, 

(C 2 Hb)sN(OZ nC 2 H 0 ) 2 + 4H2O = (C 2 Il6) 3 N(OH) 2 + 2C 2 H 6 + 2Zn(OH) 2 
He assumed that the hydrate lost water, leaving triethyl hydroxylamine, 
(C 2 H 6 ) 3 N = O Upon reducing the supposed tnethyl hydroxylamine, 
Bewad believed he obtained tnethyl amine, and, therefore, arrived at 
the conclusion that the action of /me alkyls on nitroparaflins was a means 
of preparing trialkyl hydroxylamines 
In 1899, Dunstan and Goulding 2 showed that by the action of ethyl 
iodide upon diethyl hydroxylamine, triethyl oxamrne was produced 
Ihey gave an account of its reactions and showed it to be a true oxamine, 
(C 2 H 6 ) 3 N = O, and not the isomenc tnethyl hvdroxylamine (C 2 Hb) 2 
NOC 2 H 6 They later obtained the same compound by the direct oxida¬ 
tion of tnethylamme with hydrogen peroxide Bewad had given his 
compound the formula (C 2 H 5 ) 3 N = O, on account of its having furnished, 
as he believed, tnethylamme upon reduction But the properties of Be 
wad’s compound differed so markedly from those of the compound de 
scribed by Dunstan and Goulding, it was considered possible that Bewad 
had obtained the isomenc tnethyl hydroxylamine, (C 2 Hb) 2 N— OC 2 H 6 , 
and not the oxamme But the properties of the compound described bv 
Bewad were not such as would be expected from a substituted hydroxyl¬ 
amine of the formula (C^Hb^NOC^Hb 
In 1900, Uachman 3 prepared 0-diethyl hydroxylamine by the action 

1 Btwad J Russ PJtys Chem Soc z, 12s (1888) 

* Dunstan and Goulding Trans J them Soi 75, 792 (1899) 

* Lachman Ber 33, 1022 (1900) 
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of zinc ethyl on diphenyl nitrosamine, and found the product to he identical 
with the one obtained by Dunstan and Goulding from ethyl iodide and 
hydroxylamine. The identity of these two compounds, and the isomerism 
existing between the triethyl oxamine of Bewad and of Dunstan and 
Goulding led Lachman to compare the properties of the two triethyl 
oxamines obtained by the two methods. He, too, concluded that Bewad’s 
compound had not the same properties as Dunstan’s and Goulding’s 
triethyl hydroxylamine. Lachman, to investigate the problem further, 
prepared a compound by the action of methyl iodide upon Bewad’s so- 
called triethyl oxamine and assigned to it the formula (QHs^NOCHal, 
having concluded that it underwent decomposition into formaldehyde 
and triethyl amine. This, however, did not agree with the conclusion 
he had previously reached, that Bewad’s compound was not identical 
with Dunstan’s and Goulding’s. 

It was soon shown that the properties Lachman had assigned to his 
methyl iodide derivative were not correct. Almost simultaneously, 
Bewad 1 and Dunstan and Goulding 2 arrived at the conclusion that 
Bewad’s supposed triethyl hydroxylamine was / 3 -ethyl-/ 3 -secondary butyl 
hydroxylamine, and the formula C 2 H5(CH 8 )CHN(C2H6)OH satisfactorily 
accounted for its properties. Bewad described a general method for the 
preparation of / 3 -dialkyl hydroxylamines by the action of zinc alkyls on 
primary or secondary nitroparaffms. The / 3 -dialkyl hydroxylamines 
obtained in this way were identical with the ones prepared by Dunstan 
and Goulding by the action of alkyl iodides upon hydroxylamine. 

In the preparation of the a,/ 3 -compounds containing the same two alkyl 
groups as Bewad’s / 3,/3 compound, the method described by Jones in the 
preparation of two isomeric a, / 3 -methyl ethyl hydroxylamines was fol¬ 
lowed.* Two different alkyl groups were introduced successively into 
hydroxyurethane, and the resulting product hydrolyzed. To prepare 
the mono-substituted hydroxyurethane, an alcoholic solution of hydroxy¬ 
urethane was mixed with a theoretical quantity of alkyl halide, and treated 
with the calculated amount of potassium hydroxide dissolved in alcohol. 
The potassium iodide which separated was filtered off, and the solution 
extracted with ether. In the work of Jones, and in the later work of Hecker 4 
the ether solution was found to contain a mixture of the mono- and di¬ 
alkyl esters of hydroxyurethane. These two products were separated 
by shaking the ether solution with dilute alkalies, whereby the salt of the 
mono-alkyl 4 compound dissolved in water, and the di-compound 
remained in the ether solution. But in the preparation of the second - 

1 Bewad, J Russ Chem Soc., 32, 420 (1900) 

* Dunstan and Goulding, J. Chem Soc , 79, 641 (1901) 

* Jones, Am Chem J , 3d, 253 (1907). 

4 Hecker, Ibid, 50, 444 (1913) 
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arybutyl hydroxyurethane no di-derivative was formed. This was 
shown by extracting with dilute alkali, and fractionating the ether 
solution which was left. Only a few drops of an oil were obtained and 
these gave an analysis agreeing with that for the mono-compound 
To prepare the a,0-dialkyl derivatives, equivalent quantities of the 
monoalkyl hydroxyurethane and of alkyliodide were treated with the 
theoretical amount of sodium ethylate in alcohol The a,0-dialkyl 
derivatives of hydroxyurethane were converted mto their corresponding 
hydroxylamines by heatmg them with an excess of potassium hydroxide 
solution in sealed tubes, at a temperature below ioo° The product was 
distilled mto dilute hydrochloric acid, and the resulting chloride 
decomposed with solid potassium hydroxide 
The hydroxyurethane used m the following work was prepared accord¬ 
ing to the method described by Jones 1 

Experimental Part. 

II The Preparation of a Ethyl 0 Secondarybutyl Hydroxylantine 
The a-ethyl hydroxyurethane used was prepared according to the method 
described by Jones 2 

0 C—OC 2 H s 

(a) a-Ethyl 0- Secondarybutyl Hydroxyurethane, | — 

C<H 9 —N—OC*H { 

Thirty grams of secondarybutyl iodide and 23 g of a-ethyl hydroxyurethane 
were mixed with a quantitative amount of sodium ethylate and enough 
absolute alcohol to make a homogeneous mixture When the mixture 
was allowed to stand at room temperature for five days, a slight precipitate 
formed The contents of the flask were then heated on a water bath for 
3 hrs A heavy precipitate of sodium iodide was formed and was filtered 
off After most of the alcohol was removed by distillation, the solution 
was diluted with water and extracted repeatedly with ether Traces of 
iodine were removed with sodmm + hiosulfate and the ether solution was 
dried with sodium sulfate The ether was removed by distillation and 
the residue fractionated under diminished pressure Upon analysis, 
the colorless oil which was obtamed was found to* contain more nitrogen 
than was required by theory The oil was found to contain a small amount 
of unconverted hydroxyurethane which was readily removed by shaking 
it with sodium hydroxide solution After drying the oil and fractionating 
it agam, io 2 g of a colorless hquid with a peculiar, rather pleasant odor 
were obtained. It boiled at 105-106 4 0 under 55 mm pressure, was only 
slightly soluble in water, but readily soluble in alcohol and 111 ether 
Calc for C#Hn»OiN N, 7 41 found 7 9 

1 Jones, Am Chem J, 20, 41 (1898) 

1 Jones, Loc ett 
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H 

I 

(6) a-Ethyl 0-Secondarybutyl Hydroxylatnmoniutn Chloride, 

Cl CUH, 

—Five grams of a-ethyl / 3 -secondarybutyl hydroxy urethane were mixed 
with a water solution containing 7 g. of potassium hydroxide and heated 
in a sealed tube from 95-100°, for 36 hrs. The contents of the tube 
were distilled into a dilute solution of hydrochloric acid. The acid solu¬ 
tion was evaporated to the consistency of a thick oil and was then trans¬ 
ferred to a vacuum desiccator. When the last traces of liquid were re¬ 
moved, a colorless crystalline solid, somewhat deliquescent, remained. 
This was purified by dissolving in absolute alcohol and reprecipitating it 
with dry ether. Its melting point was 94°. 1.9 g. were obtained. The 

chloroplatinate was precipitated as a yellow well defined crystalline solid, 
by mixing an alcoholic solution of the hydrochloride with an alcoholic 
solution of platinic chloride, and adding an excess of dry ether. 

Calc for CuHuOaNPtCL Pt, 30 30, found 30 07. 

H—N—OC*H* 

(<c ) a-Ethyl p-Secondarybutyl Hydroxylaminc , | .—One and 

C 4 H, 

five-tenths grams of the chloride were placed in a distilling flask 
and covered with an excess of powdered potassium hydroxide. Action 
began at once, and, upon application of gentle heat, a colorless liquid 
with a faint but distinct ammoniacal odor and boiling at 88.4-89° was 
obtained. 

Calculated for CoH^ON N, 11 96, found 11 76. 

III. The Preparation of a-Secondarybutyl Ethyl Hydroxylamine. 

0=C—OCjHs 

(a) a-Secondarybutyl Hydroxyurethane, I .—An alcoholic 

H—N—OC 4 H* 

solution containing 100 g. of secondarybutyl iodide, 57 g. of hydroxy- 
urethane and 30.4 g. of potassium hydroxide were allowed to stand for 
several days and then was heated for two hours on a water bath. The 
precipitate of potassium iodide which separated was filtered off and the 
excess of alcohol removed by distillation. Water was added and the solu¬ 
tion extracted repeatedly with ether. The ether solution was extracted 
with a calculated amount of potassium hydroxide solution, a solution of 
the potassiun! salt of a-secondarybutyl hydroxyurethane being thereby 
obtained. 

The free ester was obtained by acidifying the solution with 10% sul¬ 
furic acid, extracting it with ether, after removing traces of iodine, drying, 
and fractionating. The fractionation was carried out under diminished 
pressure, as the ester decomposed at atmospheric pressure. Before 
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a satisfactory analysis could be made, it was necessary to remove traces 
of oxyurethane by shaking the oil with sodium hydroxide solution. 

Thirty-four grams of a colorless oil, with a peculiar, rather unpleasant 
odor, slightly soluble in water, and boiling at 116 116.6 0 at 27 mm., were 
obtained. 

Calculated for C7 Hi 6 0 8 N N, 8 69, found 8 88 

O » C—OC a H 5 

(1 b ) a-Secondarybutyl fi-Ethyl IIydroxyurethane , | .— 

CjHj—N— OC4H 9 

4 mixture of 10 g. of a-secondary butyl hydroxy urethane, 9.6 g. of ethyl 
iodide and the calculated amount of sodium ethylate in absolute alcohol 
was treated as described under a-etkyl /3-secondarybutyl hydroxyurethane. 
6.8 g. of a colorless oil, very slightly soluble in water and boiling at 86.5- 
87° under 30 mm. pressure were obtained. 

Calculated for CtHuOjN N, 7 41, found 7 72 

H 

! 

( c ) a-Secondarybutyl Ethyl Hydroxylammomum C hloride, H—-NOC4H9. 

Cl C,H 6 

—Five grams of a-secondarybutyl /3-ethyl hydroxyurethane were sealed 
m a tube with a water solution containing 20 g. (large excess) of potassium 
hydroxide. The tube was heated for 40 hrs. at 98-103°. The contents 
of the tube were treated as described under «-ethyl 0-secondarybutyl 
hydroxylammonium chloride. 1.8 g. of an oily white solid, too deliquescent 
to make a melting point determination, were obtained. The chloro- 
platinate was prepared and precipitated by dry ether as a deep yellow, 
crystalline solid. 

Calc for [C 2 H*NOC 4 H a H 2 ]PtCl fl Pt, 30 30, found N, 30 11 

H 

id) a-Secondarybutyl p-Ethyl Hydroxylamine , N—OC 4 H 9 . —One and 

C*Hj 

three-tenths grams of the hydrochloride were placed in a distilling flask 
with 3 g. of powdered potassium hydroxide. Action began at once. The 
flask was heated gently and a colorless liquid with a distinctly ammoniacal 
odor was collected in an ice-cooled receiver. Its boiling point was found 
to be 93.5-94 0 - 

Calc for CeHuON N, 11 96, found N, 11 76 
IV. The Preparation of a-Secondarybutyl Hydroxylamine, 

H 


(a) a-Secondarybutyl Hydroxylammonium Chloride, 


H—N—OC4H9.— 

/\ 


Cl H 
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Ten grains of a-secondarybutyl hydroxyurethane were sealed in a tube 
with 20 g. of potassium hydroxide dissolved in water and heated at 90- 
100 °, for 28 hrs. The contents of the tube were treated as described above 
and 2.4 g. of a white, crystalline solid, melting at 54.7-55 0 and not in the 
least deliquescent, were obtained. The ehloroplatinate was precipitated 
as beautiful, well defined, deep yellow crystals. 

Calc for [C4H»ONH 3 ]«PtClo Pt, 33 19, found Ft, 32 89 

(b) a-Secondarybutyl Hydroxylamine, j>N—OC4H9 —One and eight- 

W 

tenths grams of the chloride and 5 g. of potassium hydroxide were 
gently heated in a distilling flask. A clear, colorless liquid with a strongly 
ammoniacal odor, boiling at 85.5°, was obtained 

Calc for C 4 HnON N, 15 72, found N, 15 78 


The preparation of a-ethyl / 3 -secondarybutyl and a-secondarybutyl 
/8-ethyl hydroxylamines completes a set of three isomers of the type 
RiRjHNO. 


The following table summarizes the properties of the compounds described 


0-Ethyl 0-sec -butyl 
<*-Ethyl 0-sec -butyl 
cr-Sec -butyl 0 -ethyl 
a-Sec -butyl 


Eaters of 


hydroxy urethane 

105-106 4 0 [55 mm ] 
86 5-87 [30 mm ] 
116-116 6° [27 mm ] 


Alkyl 

hydroxylamines 
B p 

155 - 158 ° 

88 4-89 c 
93 5 - 94 c 
85 5 ° 


Alkyl hydroxyl 
ammonium chloride 
M p 

(Bewad) 56-57° (Bewad) 
94 ° 

[deliquescent] 
54 7 - 55 ° 


Summary. 

(1) The preparation and properties of secondarybutyl, and mixed ethyl 
secondarybutyl hydroxyurethanes are described in this paper. These 
compounds are high boiling, oily liquids with a characteristic odor. They 
reduce neither ammoniacal silver nitrate nor Fehling’s solution. They 
are readily hydrolyzed by potassium hydroxide solution below ioo°. 

(2) The preparation and the properties of secondarybutyl, and mixed 
ethyl secondarybutyl hydroxylamines, their chlorides and chloro- 
platinates are described. The free hydroxylamines are liquids which have 
a characteristic ammoniacal odor, all boil between 85 and 90 0 at ordi¬ 
nary pressure, and are reducing agents toward ammoniacal silver nitrate 
in the cold, and toward Fehling's solution when heated. 

Cincinnati, Ohio 


[Contribution from the Chemical Laboratory of the University of Cincinnati ] 

SOME NEW HYDROXYURETHANES AND CHROMOISOMERIC 
SILVER SALTS OF THEIR ACYL DERIVATIVES. 

By Laudsr William Jones and Ralph Osspse. 

Received July 31 , 1914 

In a recent article 1 we described some experiments which had in view 
1 This Journal, 36, 726 (1914) 
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the preparation of mixed oximidocarbonic esters, i. c., compounds of the 
RO—C-yOR 1 

type || .It seemed possible to obtain these compounds by 
N*~OH 

several different methods, but, so far, none of them has proved satisfactory. 
We have fdlind that the reactions expected either did not occur, or that 
unstable products were formed which we were not able to isolate, or that 
isomers of the desired materials were produced. Although we have not 
been able to work out a general method of preparing mixed oximido¬ 
carbonic esters, 1 we have obtained some very interesting results, and an 
account of these, together with a description of our experiences with the 
various reactions, form the subject matter of this paper. 

Our first experiments were directed toward the preparation of the imido- 
carbonic festers, since these compounds can be converted into the cor¬ 
responding oximido esters 1 by treatment with hydroxylammonium 
chloride. By the action of sodium ethylate on cyanimidocarbonic ethyl 
ester Nef* obtained imidocarbonic ethyl ester: 

CaHaO—C—CN CaH.O—C~OC,H, 

|| + NaOC 2 H 6 = NttNC + || 

NH NH 

By using other alcoholates in place of sodium ethylate, the mixed imido¬ 
carbonic esters might be obtained, from which the oximido esters could be 
formed: 

, CaHeO—C—CN 0 a H 6 O-~C—OR 

|| + NaOR = NaNC + || 

NH NH 

C a H* 0 —C—OR CjH* 0 —C—OR 

|| + NHsOHCl = || + NH*C 1 

NH NOH 

Preliminary experiments indicate that these reactions take place readily 
when aliphatic alcoholates (including sodium benzylate) are allowed to 
react with the cyanimidocarbonic ester, but sodium phenolate, and a- and 
jS-naphtholate reacted very slowly, if at all, and then gave rise to thick 
black oils from which it was not possible to extract any of the desired 
imidocarbonic esters. A further study of the influence of the acid char* 
acter of the aromatic alcohols will be made later. 

Experiments were also carried out in which attempts were made to ex¬ 
tend a inethod used by Nef 3 for the preparation of cyanimidocarbonic 

RO---C—CN 

ethyl ester to the other compounds of the type || -By 
. NH 

T Houben and Schmidt, Ber., 46, 2458 (1913); Jones and Oesper, This Jouknal, 
3<5, 729 (1914). 

2 Nef.^wn., 287, 286 (1895); Ber , 46, 2458 (1913). 

8 Nef, hoc, cit p. 293. 
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action of potassium cyanide upon an alcoholic solution of bromocyanogen, 
he obtained cyanimidocarbonic ethyl ester, but when isoamyl alcohol 
or phenol was substituted for the ethyl alcohol, in the hope of obtaining 
the corresponding isoamyl or phenyl ester, the chief product of the reaction 
was a black tar, and the alcohol or the phenol apparently had taken no 
part in the reaction. When an aqueous solution of the cyanide was slowly 
added to an ether solution of the bromocyanogen and the alcdhol at tem¬ 
peratures not exceeding —5 0 , a greenish yellow oil was formed which 
changed to a black semi-solid mass as soon as the temperature rose to 10 °. 
Although these experiments were repeated under the most varied con¬ 
ditions, using dilute or concentrated solutions of the cyanide, or even 
adding powdered cyanide to a moist ether solution of the other materials, 
a definite product was not obtained, and further efforts to prepare these 
compounds in this way were abandoned. 

It seemed probable that the mixed oximidocarbonic esters might be 
prepared by the following method: The salts of the acyl derivatives of 
carbalkoxyhydroximic acids, when treated with alkyl halides, might be 
expected to give acylated oximidocarbonic esters. 


MO- -C—OR R 1 0—C—OR 

|| + R'l - || + MI 

NOC—C.H, NOC—C,H S 

II 'I 

o o 

On careful hydrolysis with alkalies, the acyl radical might be eliminated. 
R*0—C—OR R*0—C—OR 

|| + KOH - || + OsH* -COOK 

NOC -C«H S NOH 

II 

O 


However, the acylated derivatives of the earbalkyloxyhydroxamic 
acids may exist in two possible forms: 


HO -C—OR O - C—OR 

II I 


NOC—CiH s H—NOC—C«H fi 

II II 


o o 

(I) (II) 

If the silver t salts correspond to Formula I, then the reaction outlined above 
might lead to the desired compounds, but if they react according to type 

0*0—OR • 

(II), isomeric derivatives, || , would be obtained. When such 

R 1 —NOH 

possibilities exist, the silver salt usually gives compounds in Which the 
alkyl group is bound chiefly to oxygen, while the sodium salt leads to the 
corresponding nitrogen derivative. In the cases investigated so far, 
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viz*, those in which either the ethyl group or the isoamyl group was intro¬ 
duced, we have found that the silver salts gave rise to nitrogen esters , 
since the resulting compounds, when hydrolyzed with hydrochloric acid, 

< OH 

This proved that 
H 

the alkyl group was bound to nitrogen. Under the same treatment, the 
isomeric oxygen derivatives would have yielded hydroxylamine itself. 

RO—C—OR 

Furthermore, compounds of the form NO—C—R have been prepared, 

O 

and were found to be crystalline solids, while the nitrogen alkyl derivatives 
obtained by us were oils, which did not solidify, even when cooled to —20 °. 
It is possible that moist silver oxide may form silver salts with the metal 
bound to oxygen, just as Tafel and Enoch 1 have assumed to be the case 

HO—C—OR 

11 

for amides, or that some of the other compounds of the type NOC—R, 

II ^ 

O 

may give the desired mixed oximido esters. Then again it may be that 
the oxygen esters actually were formed first, and that the conditions of 
our experiments have not been chosen properly to prevent their rearrange¬ 
ment to N-esters, in much the same way that imido esters have been found 
to rearrange to give alkyl amides. 2 

As a matter of fact, we have found that some of these silver salts may 
be obtained in two forms, white and yellow, which, under proper condi¬ 
tions, may be converted into one another. It is possible that these may 
be the oxygen and nitrogen silver salts, i. e. f they may correspond to For¬ 
mula I and II, respectively. In this case, by choosing the proper condi¬ 
tions, it should be possible to form the desired mixed oximidocarbonic 
esters. These silver salts will be described at length somewhat later. 

O- -C -OC 2 H 6 * 

Carbethoxyhydroxamic acid (hydroxyurethane), | , was 

H—N—OH 

first prepared by Hantzsch. 8 Jones 4 modified the method of preparation, 
and also studied some of its alkyl and acyl derivatives. This modified 
method has now been applied in the preparation of several of the homologs 
1 Tafel and Knoch, Ber , 23, 104 (1890); Meyer and Jacobson, Lehrbuch, Vol. 1, p. 

615 

2 Comstock and Wheeler, Am. Chem. J , 13, 522 (i8qi); Wheeler, Ibid., 21, 1865 
(1899); 33, 140 (1901). 

* Hantzsch, Ber., 27, 1254 (1894). 

4 Jones, Am. Chem . J., 20, 39 (1898). 
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of* carbethoxyhydroxamic add, and also the benzyl derivative, H(HO)- 
N—CO.OC7H7, the first solid compound of this type. 

The benzoyl esters of these compounds were readily obtained by treat- 
ing the aqueous solution of the hydroxamic add with benzoyl chloride 
in the presence of potassium carbonate. The silver salts of these esters 
were predpitated when an aqueous solution of silver nitrate was added to an 
alcoholic solution of the benzoyl ester, to which an equivalent quantity 
of ammonium hydroxide had been added. 

When treated in this way, all of the compounds investigated produce 
bright yellow silver salts; but while the yellow color of the methyl, ethyl 
and propyl compounds was permanent, the yellow precipitates produced 
in the case of the higher members of the series (viz., isobutyl, isoamyl, 
benzyl) immediately became colorless. The predpitates separated as 
curds, and if one of the lumps was broken, the interior was found to be of 
the original yellow color. Whether the change was due to contact with 
the alcohol or the water, or whether the phenomenon was a photochemical 
one has not yet been definitely determined. The white salts are much 
more sensitive to the light than the yellow ones, and blacken readily, 
even if preserved in an amber desiccator. 

Interestingly enough, these salts, both the yellow and the white , were 
slightly soluble in ether, and readily dissolved by chloroform or benzene. 
When alcohol was added to these solutions, bright yellow needles were 
predpitated, regardless of the original color of the salt. The yellow salts 
thus produced were perfectly stable, scarcely affected by light, and showed 
no tendency to change to the white forms at room temperature (see, 
however, the silver salt of the isoamyl derivative). At higher tempera¬ 
tures, however, the conversion was rapid, and the resulting white modifi¬ 
cations were also stable; that is, at room temperature, even in contact 
with the yellow variety they did not revert to the yellow modifications. 
No decomposition occurred during this change; there was no apparent 
change in the crystalline form, and both modifications had the same 
ultimate composition, which was that of the simple silver salts, without 
any solvent of crystallization. Therefore, the two forms must represent 
dther polymers or tautomers. 

In the dry state, the yellow silver salt of the benzoyl ester of carbiso- 
amyloxyhydroxamic add changed to the white modification rapidly at 
about 75°, and it seemed possible that the molecular weight in boiling 
benzene (b. p. 80.5 °) might differ from the value determined by the freezing 
point method in the same solvent. If the same values were obtained, it 
would argue for a tautomeric change, while if the values were multiples 
of each other, 'polymerization would be indicated. The values actually 
obtained, however, were not condusive. By both methods of determining 
the molecular weight, assodation of two or more molecules was indicated; 
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and furthermore, the molecular weight of these complexes increased as the 
concentration of the solutions increased. No change in color was ap¬ 
parent when the solution was raised to the boiling point, and the change 
which occurs when the dry salt was heated probably does not take place 
in solution, or proceeds in such a way that equilibrium is reached between 
the yellow and the white modifications. 

All of the white salts investigated so far dissolved in chloroform or in 
benzene to form yellow solutions from which alcohol precipitated the 
yellow salts. As mentioned above, when prepared in alcoholic solution, 
the yellow salts of the compounds with the larger alkyl radicals, became 
white on the surface where they are in contact with the solvent. Further¬ 
more, if the yellow salts precipitated from chloroform or benzene solutions 
were dried and then suspended in alcohol, they‘gradually lost their yellow 
color and passed over into the white form. Therefore, it appears that 
low temperature and the presence of chloroform, benzene (and ether) 
favor the yellow form, while alcohol, water and higher temperatures 
stabilize the white salts. No solvent has been found in which the white 
salts do not change to the yellow form, so it does not seem possible to de¬ 
termine their molecular weight at present. 

All the chemical evidence indicates that the yellow salts ha\ c the silver 
bound to nitrogen, but as these reactions were carried out in the presence 
of ether, which favors the yellow form, it may be that, if alcohol (which 
favors the white form) is used as the medium, alkyl halides may react 
to give compounds in which the alkyl group will be bound to oxygen. 
Such results, of course, would indicate that the white and yellow salts are 
tautomeric. These experiments will be carried out. Likewise, attempts 
will be made to prepare the carbalkyloxyhydroxamic acids containing 
large aromatic radicals in order to study the effect of such groups on the 
relative stability of the white and yellow forms. 

Experimental Part. 

O - C—OR 

Derivatives of ('arbalkyloxyhydroxamic Acids , | .—The only 

H- -N—OH 

one of these compounds which has been described is the ethyl derivative 
prepared by Hantzsch and later by Jones. 1 It seemed desirable to pre¬ 
pare some of the homologs of this compound as they are the materials 
from which it seemed possible, as outlined above, to obtain the oximido- 
carbonic esters. The method used by Jones 1 for preparing carbethoxy- 
hydroxamic acid was used to prepare the corresponding methyl, propyl, 
isobutyl, isoamyl and benzyl derivatives. The procedure was as follows: 
One equivalent of hydroxylammonium chloride was pulverized and 
thoroughly mixed with two equivalents of powdered potassium carbonate. 

1 Jones, Loe . cii . 
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The mixture was covered with moist ether and one equivalent of the chloro- 
carbonic ester was added in small portions, while the flask was cooled by 
running water. After all the chlorocarbonate was added, the flask was 
connected with a reflux condenser, and the reaction mixture allowed to 
stand until the evolution of carbon dioxide had ceased (io to 12 hours). 
0=C—OR 0*=C—OR 

| + NH.(OH)Cl + KaCOa « | 4* 2 KCI + CO* 4* H»0 

Cl H—N—OH 

After removing the potassium chloride by filtration, the ether was washed 
with a small quantity of water, and dried over fused sodium sulfate. 
The ether was then removed by distillation, and the remaining oil was 
placed in a desiccator which was exhausted for several hours to remove 
the last traces of ether. • In this way, colorless or slightly yellow oils 
possessing characteristic odors were obtained. The benzyl derivative 
was a crystalline solid. When treated with ferric chloride, solutions of 
these compounds give a deep blue or purple color reaction. They im¬ 
mediately reduced ammoniacal silver nitrate. 

As mentioned above, the benzoyl esters of these compounds, 
0=C—OR 

H—N—OC—C«H|, were formed when their aqueous solutions were treated 

11 

o 

with benzoyl chloride in the presence of potassium carbonate. These 
esters may be purified by extracting their ether solutions with sodium 
hydroxide. If carbon dioxide was passed through the alkaline solution, 
the benzoyl esters were precipitated. However, these compounds were 
very easily hydrolyzed by dilute alkalies, even in the cold, and some of the 
product was invariably lost in this way. 

I. Derivatives of Carbmethoxyhydroxamic Acid. 

0=C—OCH« 

Carbmethoxyhydroxamic Acid, | .—Twenty-five grams of 

H—N—OH 

chlorocarbonic methyl ester, 18.4 g. of hydroxylammonium chloride, and 
36.5 g. of potassium carbonate produced 21 g. of thick yellow oil which 
was very soluble in water. This was not analyzed but v^as converted 
into its benzoyl ester. 

0=-C—OCH* 

# I 

The Benzoyl Ester of Carbmethoxydroxamic Acid , H—N—OC—C*H*.— 

O 

To 9 g. of carbmethoxyhydroxamic acid and 6.8 g. of potassium carbonate 
dissolved in water, 13.8 g. of benzoyl chloride were added in small portions. 
A colorless oil separated which soon solidified. After recrystallization 
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from warm chloroform and ligroin, it formed white needles melting at 
82 0 . The yield was 12.5 g. 

o 2550 g gave 17 cc Nj at 29 0 and 746 mm 
Calc for CjHjOiN N, 7 18 Found N, 7 16% 

The compound was soluble in ether, in chloroform and in alcohol, but 
insoluble in water and in cold ligroin. 

The Stiver Salt of the Benzoyl Ester of Carbmethoxyhydroxamic Acid, 
O - C—OCH, 

Ag— N—OC—C5H5—Nine grams of the benzoyl ester described above 

11 

o 

were dissolved in alcohol and the equivalent quantity of ammonium 
hydroxide was added to it. When this solution was treated wdth 7.8 g. 
of silver nitrate dissolved in water, a bright yellow precipitate was formed 
which was separated by filtration, washed with alcohol and water, and 
dried on a porous plate. Yield, 11 g. 

o 4870 g gave o 1735 g Ag 

Calc for CjlIgCLNAg Ag, 35 74 Found Ag, 35 62% 

The salt melted at 149 150°, was very stable toward light, and was the 
only one of the silver salts investigated which was not soluble in chloroform 
or in benzene 

II. Derivatives of Carbethoxyhydroxannc Acid. 

The Silver Salt of the Benzoyl Ester of Carbethoxydroxamic Acid, 
0 = C —OCjH s 

Ag—NOC—CfiH s .—Forty grams of this salt 1 were obtained by the action 

11 

o 

of 30 g. of silver nitrate on 37 g. of the benzoyl ester of carbethoxyhy- 
droxamic acid. After the salt was dried, it was dissolved in warm chloro¬ 
form, the solution filtered and cooled to —5 0 . Alcohol was then added 
and a mass of bright yellow needles was precipitated. These were col¬ 
lected on a filter, and dried on a porous plate, 
o 3540 g gave o 1210 g Ag 

Calc for CioHioCLNAg Ag, 34 15 Found Ag, 34 18^ 

The salt was readily soluble in chloroform and in benzene, but only slightly 
soluble in ether and insoluble in alcohol. When heated to 156-157°, 
the yellow color faded and a pure white salt resulted which darkens rapidly 
if the temperature was raised beyond this point. The salt melted with 
decomposition at 174 0 . The white form was stable at room temperature 
though it was much more sensitive to light than the yellow variety was. 
On ignition, a sample gave the following values. 

1 Jones, Lor ctt, p 49 
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^ 0.4336 g. gave 0.1489 g. Ag. 

Calc, for Ci«Hjo04NAg: Ag, 34.15. Found: Ag, 34.18%. 

The behavior of the yellow silver salt when treated with ethyl iodide or 
with isoamyl iodide was described in the previous paper, 1 and it will 
suffice to point out here that the products obtained had the alkyl bound 
to nitrogen. Samples of these materials which had not been distilled gave 
the same products when hydrolyzed showing that no rearrangement had 
taken place during the distillation. 

Structure of the Yellow Silver Salt. —Provided direct replacement of the 
metal occurred, the formation of these products indicates that the 
silver salt has the silver bound to nitrogen. If this be true, it is evident 
that the compound produced by the action of chlorocarbonic ester on the 
silver salt of dibenzhydroxamic acid should be identical with the sub¬ 
stance formed by the action of benzoyl chloride on the silver salt under 
discussion. These reactions are shown by the following equations: 

O « C—OCsH s 

1 

Ag—N—OC—CtH s + C»H,C—Cl 

|| || \ 0-C-OC.H, 

O O X I 

C.H 5 C— N —OC—C,H S f AgCl. 

Ag Cl / || || 

I | / O O 

C.HjO—N—OCC«Hj + 0 = C—OC s H 5 

II II 

o o 

(а) Action of Benzoyl Chloride on the Silver Salt of Carbethoxyhydroxannc 
Acid <—Eleven and five-tenths grams of the silver salt, suspended in ether, 
werfe treated with 5 g. of benzoyl chloride. After standing four hours, 
the silver chloride was separated by filtration, and the ether was removed 
by distillation. Eight grams of a colorless oil remained, which slowly 
deposited prismatic crystals. When recrystallized from ether and ligroin,. 
the compound melted.at 71-72 °. 

(б) Action of Chlorocarbonic Ethyl Ester on the Silver Salt of Dibenz¬ 
hydroxamic Acid .—Five grams of the silver salt of dibenzhydroxamic 
add 1 were treated with 1.5 g. of chlorocarbonic ethyl ester in the presence 
of ether. After two weeks, the silver chloride and the unchanged silver 
salt were removed by filtration, and the liquid evaporated in vacuo. Alter 
standing for several days, the odor of the ester had disappeared, and the 
remaining oil slowly solidified. The crystals melted at 71-72 °, and a 
mixture of the products of the reactions described under (a) and (6) 
melted at the same temperature. 

1 Jones and Oesper, This Journal, 36, 729 (1914). 

* Lossen, Ann., i6x, 360 (1872) . 
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The same product, therefore, resulted in bcftli of these reactions, and 
it was identical with the dibenzoyl ester of carbethoxyhydroxamic add 
described by Jones, 1 who prepared it from the sodium salt of the benzoyl 
ester of carbethoxyhydroxamic acid and benzoyl chloride. 

III. Derivatives of Carbpropyloxyhydroxamit Acid . 

O - C—OC«H 7 

Carbpropyloxyhydroxamic Acid , [ .—Twenty-five grams of 

H—N—OH 

chlorocarbonic propyl ester were added to a mixture of 14.2 g. of hydroxyl- 
ammonium chloride and 28 g. of potassium carbonate. 22.5 g. of a thick 
colorless oil were obtained which were converted into the benzoyl ester. 

O » C—OC»H 7 

I 

Benzoyl Ester of C arbpropyloxyhydroxamit Acid , H—N—OC—C*H S . - 

R 

© 

Twenty-seven grams of a colorless oil were obtained by the action of 20 g. 
of carbpropyloxyhydroxamic acid, 11.5 g. of potassium carbonate and 
23.5 g- of benzoyl chloride. All attempts to solidify the oil were un¬ 
successful. Accordingly, it was dissolved in alcohol, neutralized with 
ammonium hydroxide and 21 g. of silver nitrate were added to the solution. 
A bright yellow precipitate was obtained. This was crystallized from 
chloroform and alcohol, and formed yellow needles which melted at 144^ 
H5°. 

0.4360 g. gave o 1418 g Ag. 

Calc, for CuHia04NAg Ag, 32 67 Found Ag, 32 32% 

When heated, this salt showed no indication of changing to a white modifi¬ 
cation. 

Dibenzoyl Ester of Carbisopropyloxyhydroxamic Acid , 

o=c— oc*h 7 

„ I 

C*H*C— N —OC—C«H k .—Ten grams of the silver salt described above 
0 0 

were suspended in ether and 4.2 g. of benzoyl chloride were added. The 
reaction was completed in three days. The silver chloride was removed 
by filtration and the ether evaporated in vacuo. Nine grams of a thick 
oil remained which slowly deposited transparent cubical crystals. These 
crystals, when recrystallized from chloroform and ligroin, melted at 78-89°. 

0.2822 g. gave 11 4 cc. N a at 28° and 745 mm. 

Calc, for CuHiTChN: N, 4.28. Found: N, 4.36%. 

This compound was soluble in ether, in chloroform and in alcohol, but it 
insoluble in cold ligroin and in water. 

1 Jones, Loc. cit., p. 50 . 
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The N’Ethyl Derivative bf the Benzoyl Ester*of^Carbprdp^oxyhydroxdmic 
0«C-OC*Hr 

I 

Acid, CtHi—N— OCCfH*. — Fifteen grams of the silver salt described 
O 

above were suspended in ether, and 7 g. of ethyl iodide were added. 
After standing two weeks in the dark, the silver iodide was removed, and 
the other evaporated in vacuo. Nine grams of a light yellow oil with a 
spicy odor remained. 

0.3402 g. gave 12 2 cc Ns at 22 5 0 and 735 mm. 

Calc, for C19H17O4N: N, 5 53. Found: N, 5 57 %. 

When heated in a sealed tube with hydrochloric acid, / 3 -ethyl hydroxyl- 
ammonium chloride was obtained. This was identified by condensing 
It with />-nitrobenzaldehyde, 1 The product obtained showed that the alkyl 
group was bound to nitrogen. 

IV. Derivatives of Carbisobutyloxyhydroxamic Acid. 

O - C—OC 4 H 9 

Carbisobutyloxyhydroxamic Acid t | . - Twenty-five grams of 

H—N—OH 

chlorocarbonicisobutyl ester, 12.8 g. of hydroxylammonium chloride and 
25 g. of potassium carbonate produced 21 g. of a colorless oil which was 
not very soluble in water. When treated with copper acetate solution it 
produced a crystalline green precipitate which was not affected when boiled 
with water. 

O - C—OC«H f 

Benzoyl Ester of Carbisohutylhydroxamic Acid , H—N—OC—C#H r — 

11 

o 

A colorless oil was produced by the action of 19 g. of benzoyl chloride, 
9.4 g. of potassium carbonate and 18 g. of carbisobutyloxyhydroxamic 
acid. This was dissolved in ether and extracted with dilute sodium 
hydroxide. The alkaline solution was cooled to 5 0 and carbon dioxide 
was passed with the solution. A crystalline precipitate appeared. When 
recrystallized from warm chloroform and ligroin it formed needles melting 
at 43 - 44 °- Yield, 19 g. 

1 

o 2044 X* save 16 5 cc. Nj at 28° and 751 mm. 

Calc, for C19H11O4N. N, 5.90 Found; N, 6.09%. 

The compound was soluble in ether, in chloroform and in alcohol, but 
was insoluble in water and in cold ligroin. 

The Silver Salt of the Benzoyl Ester of Carbisobutyloxyhydroxamic Acid, 
1 Hantzsch and Hillard. Ber., 31, 2066 (1898). 
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0=C—OC 4 H# 

I 

Ag—N—OC CeH 6 .—An alcoholic solution of 21.5 g. of the benzoyl 
O 

derivative was treated with one equivalent of ammonium hydroxide, and 
then with an aqueous solution of 15 g. of silver nitrate. A bright yellow 
precipitate was formed which immediately became colorless where it was 
m contact with the solvent. The interior of the precipitate was still 
yellow after standing five minutes. The precipitate was collected on a 
filter, thoroughly washed with alcohol, and dried on a porous plate placed 
in an amber desiccator. After standing over night, the entire mass had 
blackened. This material was extracted with warm chloroform, the solu¬ 
tion cooled to —5 0 and an excess of alcohol added. Bright yellow needles 
were precipitated. 

o 2492 g gave o 0784 g Ag 

Calc for CuHuCLNAg Ag, 31 37 Found Ag, 31 46^ 

When warmed to 80-82°, the yellow crystals become white. The white 
mass softened slightly at 144 0 and finally melts at 158°. The white form 
did not change to the yellow form at room temperature. A sample of 
the white salt, on ignition, gave the following values 
o 4230 g gave o 1325 g Ag 

Calc for CuHuCLNAg Ag, 31 37. Found Ag, 31 32% 

The conversion of the yellow form into the white form took place very 
slowly at 40°, but the change occurred only in certain parts of the mass 
and the rest of the material remained yellow. Furthermore, the change 
appeared to commence in the interior of these regions and to spread 
outward, which would seem to indicate that the phenomenon is not of a 
photochemical nature. The most curious effect, however, was observed 
if the portion of the white form was rubbed against a hard surface with 
a porcelain spatula. Where it v as rubbed, a bright yellow streak appears 
which immediately becomes colorless again. The rapidity of the re¬ 
version to the white form seemed to be influenced by the intensity of the 
light, for the change was almost instantaneous in direct sunlight, slower in 
diffused light, while if the salt is rubbed in the dark it remains yellow until 
brought into the light. No explanation of this peculiar behavior is offered. 
The N-Ethyl Derivative of the Benzoyl Ester of Carbisobutyloxyhydroxamtc 
0 =*C—OC4H1 

„ I 

Acid, CsHi—N—OC — C4H5,— Twenty-one and five-tenths grams of the 
O 

yellow silver salt described above were suspended in ether, and io g. of 
ethyl iodide added. The reaction was complete after two weeks. A 
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bright yellow oil with a spicy odor was obtained when the ether was 
evaporated. Yield, 14 g. 

o 3096 g gave 15 6 cc at 29 0 and 740 mm 
Calc for Ci4HiflO«N N, 5 28 Found N, 5 37% 

When heated in a sealed tube with concentrated hydrochloric acid for 
six hours at no°, /3-ethyl hydroxylammonium chloride was obtained, 
showing that this was the nitrogen derivative. 

V. Derivatives of Carbtsoamyloxyhydroxamic Acid. 

O « C—OC,H n 

Carbisoamyloxyhydroxamu A ad, | .—Twenty-five grams 

H—N—OH 

of chlorocarbonicisoamyl ester, 11.5 g. of hydroxylammonium chloride 
and 22.8 g. of potassium carbonate were allowed to react in the usual man¬ 
ner, and 23 g. of a thick, light yellow oil were obtained. The compound 
had a slight odor suggestive of isoamyl alcohol and was only slightly soluble 
in water. Copper acetate produced a green crystalline precipitate from 
an alcoholic solution which was not affected when boiled with water. 

O - C—OC*Hu 

The Benzoyl Ester of Carbisoamyloxyhydroxamu Acid, H—N—-OC—CeH*. 

11 

o 

- All attempts to obtain this compound m the solid state were fruitless. 
The product of the reaction of carbisoamyloxyhydroxamic acid, potassium 
carbonate and benzoyl chloride was a colorless oil, which, when dissolved 
in sodium hydroxide and precipitated by carbon dioxide, remained liquid 
even when thoroughly dried and cooled to —10 0 for several hours. 11 
was very easily hydrolyzed by dilute alkalies, and the yield was extremely 
poor if the compound was purified in this way. 

0 —C OC1H11 

I 

Silver Salt of Carbisoamyloxyhydroxamu: Acid. Ag—N—OC—C*H*. — 

O 

The silver salt was precipitated from an alcoholic solution of the benzoyl 
ester in the form of bright yellow curds which turn white immediately. 
After drying the salt over night, it was dissolved in warm chloroform and 
reprecipitated by alcohol in the form of bright yellow needles, 
o 4506 g gave o 1354 g Ag 

Calc for CnHisOiNAg Ag, 30 13 Found Ag, 30 06% 

When heated to 40 °, the salt turned white in patches, and at about 75 °» 
the change vfras rapid and complete If the temperature was raised still 
higher, no further change occurred until the salt melted at 141-14 2 °* 
The white form, on ignition, gave the following results. 
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o 3632 g gfcve o 1090 g Ag 

Calc for CfcHieCLNAg Ag, 30 13 Found Ag, 30 01% 

This white form showed no tendency to revert to the yellow modification, 
even in contact with a particle of the latter at —io°. On one occasion, 
however, the yellow form was precipitated as usual from a chloroform 
solution by alcohol, and as soon as the crystals were separated from the 
solvent by filtration they began to turn white. However, the change was 
localized, and after two weeks the yellow and the white forms still existed 
side by side. We have never been able to duplicate this change at room 
temperature. 

As was stated above, it seemed possible that molecular weight determin¬ 
ations might throw some light on the nature of this color change. The 
figuies obtained m freezing benzene gave values which varied from 739 to 
is 14 depending on the concentration of the solution, and the values in 
boiling benzene, using Menzies 1 method, were of the same ordei The 
\alue for the simple salt is 538 
Thbenzoyl Derivatives of ('arbi soamyloxyhydro* amu Acid, 

0--C—OC,Hn 

I 

t*H 6 C — N —OC-vCaH*. -Eight grams of the silver salt described above 

l| II 

0 o 

were treated with 3 1 g. of benzoyl chloride. The reaction was completed 
after 2 weeks and 5 g. of a colorless oil were obtained on evaporating the 
ether After standing in an exhausted desiccator for 10 days, clear 
prismatic crystals were deposited, which, after recrystallization from v arm 
hgroin, melted at 69-70°. 

o 3050 g gave 11 cc Nj at 26 0 and 749 5 mm 
Calc for C20H21O5N N, 94 Found N 3 95^ 

The compound is soluble in ether, in chloroform and in alcohol, slightly 
soluble in ligroin and insoluble in water. 

7 he Ethyl Derivative of the Benzoyl Ester of Carbisoamyloxyhydroxatnic 
O * C—OCfcHu 

At id, c*H s —N—OCC*Hj.—E’even grams of the yellow salt and 4.8 g. 

II 

O 

of ethyl iodide were allowed to react in the presence of ether for two weeks. 
A light yellow oil remained when the ether evaporated. 

o 4323 g gave 20 cc Nj at 25 0 and 745 mm. 

Calc for Ci*H*iC> 4N N, 5 01. Found. N, 5 06% 

It gave jS-ethylhydroxylamine upon hydrolysis. 

1 Menzies, This Journal, 32, 1615 (1910) 



2222 


LAUDER WILLIAM JONES AND RALPH PEEPER. 


VL Derivatives of Carbbenzyloxyhydroxamic Acid: 

o - C - OCHtCOi, 

Carbbenzyloxyhydroxamic Acid ) | . —Forty grams of 

H—N—OH 

chlorocarbonic benzyl ester, 16.2 g. of hydroxylammonium chloride and 
32.4 g. of potassium carbonate produced a thick yellow oil which solidified 
on standing over night. When recrystallized from chloroform and ligroin, 
the compound was obtained in shining scales meltirtg at 65 °. Yield, 30 g. 
o 2530 g gave 19 4 cc Ns at 28° and 747 $ mm 
Calc for CgHjOjN N, 8 38 Found N, 8 29% 

The compound was insoluble in ether, in alcohol and in chloroform, some¬ 
what soluble in water and insoluble in cold ligroin. 

0 =C—OCHjCiH# 

I 

The Benzoyl Ester of Carbbenzyloxyhydroxamic Acid , H—N—OC—C*H 6 . 

O 

—Eighteen and five-tenths grams of carbbenzyloxyhydroxamic acid were 
treated with 7.46 g. of potassium carbonate and 15.6 g. of benzoyl chloride. 
An oil separated which was soon solidified. When recrystallized from warm 
alcohol and ligroin it formed white needles melting at 109-110 °. 

o 2944 S gave 13 6 cc N 2 at 23 5 0 and 748 5 mnf 
Calc for CibHisOiN N, 5 16 Found N, 5 i2°/ ( 

The compound was soluble in alcohol, in ether and in chloroform, and 
insoluble in water and in cold ligroin. 

The Silver Salt of the Benzoyl Ester of Carbbenzyloxyhydroxamic Acid , 
O - C—OCH 2 C4 H s 

Ag—N—OC—C«H 5 .—Sixteen grams of the benzoyl ester, when treated 

11 

o 

with ammonium hydroxide and 10.3 g. of silver nitrate gave a yellow 
precipitate which immediately turned white. When recrystallized from 
chloroform and alcohol it formed bright yellow needles which melted at 
150-151°. 

o 3583 g gave o 1025 g Ag, 

Calc for CiiHjiOiNAg Ag, 28 67. Found Ag, 28 61%. 

.The salt became white when heated, but the transition temperature was 
so near the»melting point that it was not possible to isolate the white form 
in this way. 

Ethyl Derivative of the Benzoyl Ester of Carbbenzyloxyhydroxamic Acid , 
0 *=C—OCH«C«H* 

I 

C*H»—N—OC—C#H*.—Eight grams of the silver salt described above 


O 
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were allowed to react with 2.3 g. of ethyl iodide for one week. 5 g. of a 
light yellow oil were obtained. 

0.4658 g. gave ?o cc Nj at 21 0 and 745 mm. 

Calc, for CnHuCLN 1 N, 4 68 Found N, 4 81 v /f 

Summary. 

1. In the course of experiments which had in view the preparation of 
mixed oximidocarbonic esters, RO.C(.NOH).OR' several new hydroxy- 
urethanes, including the methyl, isopropyl, isobutyl, isoamyl and benzyl 
derivatives were prepared, and their benzoyl esters studied. 

2. The silver salts of some of these benzoyl esters were obtained in two 
modifications, white and yellow, of the same composition and mutually 
transformable. While the methyl, ethyl and isopropyl derivatives were 
prepared only as yellow salts, the compounds with larger radicals, viz., 
isobutyl, isoamyl, and benzyl, were obtained in two forms. 

3. These silver salts have been found to yield derivatives with the 
alkyl groups bound to nitrogen instead of to oxygen. This unforseen re¬ 
action prevented us from obtaining the acyl derivatives of mixed oximido¬ 
carbonic esters, which would otherwise have resulted from the action of 
various alkyl halides upon these silver salts. 

Cincinnati, Ohio. 

[Contribution from tiie Otho S A .Sprague Memorial Institute, Laboratory 
of Clinical Research, Rush Medical College 1 

THE ISOLATION OF CRYSTALLINE cM-GLYCERIC ALDEHYDE 
FROM A SYRUP OBTAINED BY THE OXIDATION 
OF GLYCEROL. 

By Edgar J. Witzbmann. 

Received August 7, 1014 

dl-Glyceric aldehyde is a compound of considerable importance. In 
the various more or less theoretical discussions ol the break-down and 
synthesis of the hexoses, either In the chemical laboratory or in the living 
organism, d/-glyceric aldehyde, along with dihydroxyacetone, assumes a 
prominent place. The collection of facts with regard to its behavior in 
the body has been retarded by the difficulty of obtaining sufficient quanti¬ 
ties with which to work. The only method now known of preparing the 
pure substance is that of Wohl, and this method is extremely laborious. 
For physiological experiments in man, quantities are required which make 
WohTs method well nigh prohibitive. The method of Fenton and Jackson 
is simple and undoubtedly gives a large yield of glyceric aldehyde, although 
admixed with impurities. Dr. R. T. Woodyatt, of this laboratory, some¬ 
time ago published a preliminary report on the use of glyceric aldehyde, 
prepared according to the latter method, in diabetes mellitus. 1 The nature 
°f these results was such as to emphasize the necessity of determining 
1 J. Am. Med. Assoc., 55, 2109-2112 (19m). 
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more definitely than has yet been done the composition of the crude 
glyceric aldehyde syrup employed and if possible tp develop a method for 
purifying it. 

The only known compound of glyceric aldehyde which would serve for 
its identification, and which could also be subsequently used as a source 
of free glyceric aldehyde, is glyceric aldehyde diethyl acetal. If, therefore, 
glyceric aldehyde diethyl acetal could be made from the Fenton and 
Jackson reaction mixture it would at once prove, more conclusively than 
has yet been done, the presence of glyceric aldehyde and also serve for its 
isolation. The following paper is a report on tke successful execution 
of the plan outlined above, as suggested by Dr. Woodyatt. 

When glycerol is acted upon by one atom of oxygen two oxidation prod- 


ucts are theoretically possible, namely: 
CHaOH 

1 

CHaOH 

I 

1 

CHOH and 

1 

1 

CO 

| 

i 

CHO 

1 

CHaOH 

Glyceric aldehyde. 

Dihydroxy acetone. 


The preparation of pure dZ-glyceric aldehyde, or any derivative from which 
pure glyceric aldehyde itself can be isolated, from an oxidation product 
of glycerol has apparently been frequently tried but without success. 
In fact, in most cases in which the presence of glyceric aldehyde has been 
reported its identity was established through the formation of phenyl- 
glycerosazone with phenylhydrazine, which, however, is produced by both 
of the oxidation products given above. 1 This reagent will, therefore, 
not help in deciding which of the above compounds, or whether both, are 
present in a reaction mixture. 

Since the literature on the formation of glyceric raldehyde by oxidation 
methods is very scattered it may be well to give a brief history of this sub¬ 
ject at this point. J. van Deen* observed that either an electrical current 
or nitric acid acting on glycerol gave an optically inactive, fermentable 
syrup, which reduced cupric oxide in alkaline solution and which he con¬ 
sidered to be a sugar. Huppert, 8 Kirchner and Meissner, 4 Heynsius, 1 
Perl 6 and G. Werther* all disputed v. Deen’s results as a whole or in part. 8 
Przibytek® found that prussic acid acting on glycerol gives some glyceric 

1 Fischer and Tafel, Ber „ ao, 1088 (1887). 

* Nedei 1 Tydschr. t. Gtrtusk., 4, Aug., i860. 

* Arch. f. HeUhunde, 3, 389 (1862). 

4 Z. ration. Wed., (3] r6, 289 (1862). 

1 Nederl. Tydschr. e. Geneesk 6, 641 (1862). 

* Konigsber£*r Med. Jahrb 8, 84 (1862); J. prakt. Chem., 88,148 (1862). 

1 J. prpkt. Chem., 88 , is* (1862). t 

* For ajpod, account set Chem Zentr., 1863, 833-41; or Jahrb. j. Chem,, 1863,5 QI - 

•/. tow , Chem . Sec ., 12, 214 (1887); *3» 330 (1888). 
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aldehyde in addition to meso-tartaric and saccharic(?) adds. Grimatix 1 
oxidized glycerol with platinum black and states that he obtained 1 ‘glyceric 
aldehyde" which was fermentable. Fischer and Tafel 2 oxidized glycerol 
with nitric add and got a compound which reduced Fehling’s solution 
in the cold and gave the phenylglycerosazone. They challenge Grimaux’s 
right to priority on the ground that he identified his so-called glyceric alde¬ 
hyde only by its ability to reduce alkaline copper solutions. A short time 
later they synthesized acrose 8 by hydrolyzing acrolein bromide and con¬ 
cluded that glyceric aldehyde must be an intermediate in the synthesis 
of this compound. Later 4 they prepared a product which they declared 
was probably glyceric aldehyde, (i) by the oxidation of glycerol with 
bromine in the presence of soda and (2) by the oxidation of lead glycerate 
with bromine vapors. They subsequently decided that these products 
were chiefly dihydroxyacetone 6 without definitely proving that there was 
any glyceric aldehyde present at all. Later Wohl and Neuberg fl showed 
by means of the phloroglucinol test that the product obtained in (1) is 
mainly, if not solely, dihydroxyacetone, while the product obtained in 
(2) is also mainly dihydroxyacetone but contains a little glyceric aldehyde, 
since it gave a slight positive phloroglucinol test. Piloty and Ruff 7 had 
previously shown that the product in the latter case gave a large amount 
of dihydroxyacetoxime, from which they likewise concluded that this 
crude oxidation syrup consisted for the most part of dihydroxyacetone. 
W. E. Stone and McCoy 8 probably obtained traces of glyceric aldehyde 
or dihydroxyacetone, as shown by qualitative tests when solutions of 
glycerol containing sulfuric acid or sodium nitrate were electrolyzed. 
Likewise Fonzes-Diacon 9 obtained detectable quantities of “glyceiose" 
by the action of mercuric chloride on glycerol. Lobry de Bruyn 10 found 
that - the hydrolysis of dibromuacrolein gave detectable quantities of 
“glyceric aldehyde." Wohl 11 synthesized glyceric aldehyde from acrolein 
by preparing acrolein diethyl acetal which, when oxidized with potas¬ 
sium permanganate under the prescribed conditions, gave glyceric- 

1 Compt. rend., 104, 1276 (1887); Chem. Zentr., 1887, C29; Bull. ±oc. chim., • 45, 
481 (1886). 

a Ber., 20, 1088 (1887); Chem. Zentr., 1887, 691. 

3 Ibid., 20, 2566 (1887); 1887, 1491. 

4 Ibid., 20, 3384 (1887); 21, 2634 (1888); 1888, 277, T303. 

8 Ibid., 2a, 106 (1889); 1889, I, 278. 

% Ber., 33, 3098, 3109 (1900). 

1 Ibid., 30, 1663 (1897). 

I Am. Chem. J., 15, 656 (1893); Chem. Zentr., 1894, I, 199. 

• Bull. soc. chim [3] 13, 862 (1895); Chem. Zentr , 1895, II, 676. 

19 Rec. trav. chim., 17, 258 (1898); Chem. Zentr., 1898, II, 964. 

II Ber., 31, 1796, 2394 (1898); Chem. Zentr., 1898, II, 419, 1008; see also Wohl and 
Neuberg, Ber , 32, 1352 (1899); 33, 3095 (1900); Chem. Zentr., 1899, I, 1272; 1900, II, 
”97. 
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aldehyde diethyl acetal. Glycericaldehyde diethyl acc|al on hydrolysis 
in o,i N sulfuric acid gave d/-glyceric aldehyde. This was the first 
time that this compound had been prepared in pure form. The next 
year (1899) Fenton and Jackson 1 reported on the oxidation of glycerol 
with hydrogen peroxide in the presence of 10% of ferrous sulfate. 
The syrup product of this reaction reduced Fehling’s solution in the 
cold, gave the reaction for aldehydes with Schiff’s reagent and yielded 
phenylglycerosazone with phenylhydrazine. They treated a portion 
with prussic acid according to the method of Fischer and Tafel. 1 Tri- 
hydroxyisobutyric add, which should have been formed if dihydroxy- 
acetone was present, could not be found. When another portion was 
treated with the calculated quantity of hydroxylamine there was no sign 
of the formation of dihydroxyacetoxime crystals. 3 Fenton and Jackson, 
therefore, conduded that the product obtained by them probably con¬ 
sisted chiefly of dZ-glyceric aldehyde. Ciamician and Silber 4 observed 
that glycerol is oxidized to “glycerose*” by quinone, which is simultaneously 
reduced to quinhydrone. By the action of ozone on glycerol Harries 6 
obtained glyceric aldehyde or dihydroxyaeetone as shown by the formation 
of phenylglycerosazone with phenylhydrazine. Seyewetz and Gibello 1 
found that trioxymethylene and sodium sulfate gave a sugar-like com¬ 
pound in which “formose” and “glycerose” have been found When 
glycerol is treated with sodium hypochlorite in the presence of cobalt 
chloride, 7 or sodium hypochlorite and chlorine m the presence of cobalt 
chloride** ‘glycerose,” identified as the phenylosazone, is formed. Neuberg 8 
obtained some dZ-glyceric aldehyde by the electrolysis of dZ-erythronic 
acid, and in similar products from d-galactonic acid, d-lyxose, dZ-ery- 
thronic acid 8 and Z-arabonic acid. 10 Neuberg also found 11 that a 5% aqueous 
solution of glycerol, containing 0.8% of uranium sulfate, when exposed 
for six hours to June sunlight developed a reducing power equal to 2.1% 
solutions of glucose, which corresponds to a 42% transformation. Glyceric 
aldehyde was identified by the formation of the phenylosazone, by a re- 

l J Chem Soc , 75, 4 (1899), Chem. News, 78, 187 (1898), Chent Zentr , 1898, 
II, 1011, 1899, 1 , 249, 521 

s J 5 fr, 32, 106 (1889) 

* Piloty, Ruff, lbtd , 30, 1663 (1897) 

4 Ath accad Linen, (5] 10, I, 92 (1901), Chem Zentr, 1901, I, 770 

* Ber , 36, 193^ (1903), Chem Zentr , 1903, II, 189 

• tompfi rend , 138, 150 (1904)* Chem Zentr, 1904, I, 581 

7 Tarugi, Gau ihtm tlal , 36, I, 332 (1906), Chem Zentr, 1906, II, 558 

8 Btochem Ztschr, 7, 527 (1907), Chem Zentr , 1908, 1 , 1165, C A , 2, 1724 

• Neuberg, Scott, Lachmann, Biochem Ztschr , 24, 152 (1910), Chem Zentr, 1910, 

I, 1231, C A ,4, 1474 

10 Neuberg and Hirschberg, Biochem Ztschr , 27, 327 (1910), Chem Zentr, 1910, 

II, 145s, C A , 5, 313 

11 Btochem Ztschr ., 13, 307 (1908), Chem Zentr , 1908, II, 1485, C A , 3, 2x42. 
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ductioa of Fehling’s solution in the cold, by the absence of the characteristic 
reaction with resorcinol and by the formation of a glucoside-like crystalline 
compound with phloroglucinol . 1 

Experimental Part. 

The crude glyceric aldehyde syrup was prepared essentially as described 
by Fenton and Jackson. 2 100 g. of glycerol in 100 cc. of water, to which 
5 or 10 g. of ferrous sulfate—previously dissolved in 15 cc. of water—have 
been added, are placed in a two liter flask. 771 cc. of 6% hydrogen per¬ 
oxide (1.25 mols hydrogen peroxide for 1 mol glycerol) were added at 
the rate of about 100 cc. in an hour, care being taken to avoid a rise in 
temperature of more than 5 0 to 7 °. After adding a portion of 50 to 100 cc. 
of the hydrogen peroxide, it seems desirable to wait before adding subse¬ 
quent portions until the red color of the reaction mixture has faded 
somewhat. When all of the hydrogen peroxide has been added the 
mixture is allowed to stand 24 hours in order to allow the oxidation to 
continue until the solution becomes clear and pale yellow in color. 3 

1 See also Neuberg, Z. physiol . Chem., 31, 564 (1900); Zt . ver, Rub.~Ind., 1901, 

270. 

* Loc cit. 

1 The result obtained in the oxidation of glycerol with hydrogen ,Hroxide may 
vary quite widely. On one occasion the attempt was made to prepare some of this syrup 
m a shorter time. The same quantities of materials were used as given above; the mix¬ 
ture was kept constantly in an ice-water bath. The only difference in procedure 
was that the hydrogen peroxide was all added a little at a time in the course of 5 hours. 
This reaction mixture did not become pale yellow in color on standing for 2 days; it 
remained quite red. The reaction mixture was strongly acid and showed, by titration 
with Fehling’s solution, some 22% of the sugar theoretically derivable from 100 g. of 
glycerol. In the meantime Dr. Nef, of the University of Chicago, had beoome inter¬ 
ested in these experiments and was conducting a series of quantitative experiments in 
order to determine something more af* >ut the limits of this reaction. His quantita¬ 
tive data would indicate that the amount of acid formed increases, and the amount of 
sugar formed decreases as the length of time is diminished during which the hydrogen 
peroxide is added. Likewise, he found that, if the hydrogen peroxide is added very 
slowly (drop by drop for example), much acid and little sugar are formed. In order, 
therefore, to gef more definite data on the best mode of procedure in this oxidation, 
the following experiment was made: 

100 grams of glycerol (pure double distilled) and 10 grams of ferrous sulfate (pre¬ 
cipitated by alcohol) in 100 cc. of water were treated with 784 cc. of 5.89% hydrogen 
peroxide (or 1.25 molecules), at the following rate: 45 cc. were added in the first hour, 
f>5 cc. in the 2nd hour, 70 cc. in the 3rd hour, 85 cc. in the 4th hour, 100 cc. in the 5th 
and 6th each, no in the 7th, 120 cc. in the 8th, and the remainder (90 cc ) in 40 min¬ 
utes more. All of the hydrogen peroxide was added in one working day. The mix¬ 
ture was kept in ice-water throughout the experiment. The temperature of the reaction 
mixture was, as a rule, xo°, sometimes 8°, rising usually to 12 °, but sometimes to 15°, 
on adding the hydrogen peroxide. The peroxide was added in small portions at first 
(2-3 cc.) but in the later stages as much as 10 cc. were added at one tune. This mix- 
ture, on standing in the refrigerator over night, had become pale yellow in color and 
Save a negative test for hydrogen peroxide. It had a perceptible odor of formaldehyde 
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TWs solution is tbm neutralized at room temperature as completely 
as possible by simply shaking with an excess of powdered cakppi carbon¬ 
ate . 1 

The sediment (chiefly excessive calcium carbonate) is filtered off by 
means of a suction filter. The filtrate is then concentrated to a syrup 
by distilling in vacuo (bath temperature 40-45°), during which process 
a considerable quantity of calcium salts separate in the bottom of the 
flask (mostly calcium sulfate). The residue from the distillation is then 
mixed with four to five volumes of absolute alcohol containing some ether. 
This solution is then freed from its precipitate by sedimentation and 
filtration and again reduced to a thick, clear, pale yellow syrup by dis¬ 
tilling in vacuo (bath temperature not over 45°). The total yield of 
syrup is 70 to 80 g. By extracting the sediment of calcium salts, etc., 
with another portion of alcohol somewhat more material may be recovered. 

The final product has a sweet taste accompanied by a slightly aromatic 
sour or sometimes a bitter taste. This latter taste is probably due in 
part to the diethyl acetal of glyceric aldehyde. The amount of it seems 
to increase with the amount of free acid left unneutralized by the calcium 
carbonate and the time during which the aldehyde remains in the absolute 
alcohol solution. The syrup, on heating, gives the odor of burnt sugar 
and leaves a slight residue on ignition. Fehling’s solution is reduced slowly 
in the cold, in a minute or two at room temperature and instantly at 50°. 
If 10 cc. of a 1% solution are treated with 1 cc. of 20% potassium hydroxide 
and the alkaline mixture allowed to stand for half an hour, or if it is heated 
to boiling, its ability to reduce Fehling’s solution at room temperature 
is lost but the solution retains its power to reduce Fehling’s solution # on 
boiling. *The above change indicates acrose (hexose) formation. The 
reducing power of the syrup, as determined with Fehling’s solution, is 
frequently 52 -58% of that of pure glucose. With Schiff’s reagent it gradu¬ 
ally gives the characteristic color tests for aldehydes. By treating with 
pbenylhydrazine in the usual way an osazone is readily formed, which, 
after recrystallization from 50% alcohol and then from benzene, gives a 
melting point of 130-1 0 (phenylglycerosazone). When several drops 
of a 0.25% solution of this sugar-containing syrup were warmed with 

and when titrated with Fehling’s solution showed a glucose equivalent corresponding 
to 38% of that which could occur if all the glycerol had been converted into glucose 

A parallel experiment in which only 1 o molecule of hydrogen peroxide was added 
during the sattfe period showed about the same amount of sugar and less formaldehyde 
and free adds These solutions were turned over to Dr Nef 

It is quite possible that a further variation of conditions might serve to increase 
the yield m sugar by 5 to 15% Experiments will be made on this point 

1 If this material is not to be used for physiological experiments it is better to use 
barium carbonate to neutralize the free add because barium sulfate is so much less 
soluble. 
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0.5 cc. of a oold saturated phloroglucmol solution, in the presence of a trace 
of sulfuric acid, a flocculent precipitate was formed in about one minute 
when the mixture was placed in hot water. This precipitate corresponds 
well with the description of the glucoside-like compound between phloro- 
glucinol and glyceric aldehyde as given by Wohl and Neuberg. 1 

All of the above stated facts harmonize well with the supposition that 
the syrup contains chiefly d/-glyceric aldehyde, as maintained by Fenton 
and Jackson, but they do not prove it conclusively since a mixture of aldo- 
and keto-trioses would give similar reactions. 

A method of separating the glyceric aldehyde from any dihydroxy- 
acetone or other impurities that may be present in the mixture, was 
needed. It was thought that the acetal derivative would enable this to 
be done. Wohl not only synthesized glyceric aldehyde by the hydrolysis 
of its acetal but also demonstrated that the aldehyde could be converted 
back into the acetal 2 by the method used by Fischer and Giebe, 3 which 
consists in dissolving the aldehyde in absolute alcohol containing 1% of 
dry hydrochloric acid gas, and allowing the mixture to stand five days in 
the cold, after which it is worked up for the acetal. Ketones react very 
much more difficultly to form acetals under these conditions. 4 In fact 
the acetal of dihydroxyacetone is not known as yet. It was hoped, 
therefore, to convert the glyceric aldehyde of the Fenton and Jackson 
mixture into the acetal by the method of acetylating used by Fischer 
and Giebe, to remove and purify the acetal by fractional distillation and 
finally to liberate pure glyceric aldehyde from the acetal so formed in 
accordance with the method used by Wohl. 

The following is a brief record of the experiments made in the preparation 
of d/-glyceric aldehyde diethyl acetal: 

(a) Ten grams of the crude gl) • eric aldehyde were dissolved in 87 ec. 
of absolute alcohol and cooled to o°. 13 cc. of 8.5% dry hydrochloric 

acid gas in absolute alcohol were added and the mixture placed in a re¬ 
frigerator at o°. The reducing power of this solution was tested, from 
time to time, with Fehling solution and finding no further loss at the end 
of three weeks, it was worked up as follows: The solution was treated 
with an excess of lead carbonate in order to remove the hydrochloric acid. 
On filtering, a clear, reddish yellow solution was obtained, which was con¬ 
centrated by distilling in vacuo at 21-22 °. No tar was formed. A hot 
t'eresin bath (150°) was now placed around the flask. Distillation began 
at a lo'jy temperature and the rise in temperature was slow up to 60 
rapid from 60 0 to no°, and slow from no° to 144 0 , at which point it 

1 Ber . 33» 3095 (1900). 

2 Ihid - 33, 3103. 

9 Ibid., 30, 3055; 31, 545 

4 Meyer u Jacobson, “Lehrb. d. Org. Cbem 2nd Kd., Vol I, L p- 64. 
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remained a moment before dropping quickly to 138°. The pMeme was 
22 to 25 mm. throughout the distillation. The distillate between uo° 
to 144° showed a strong add reaction and reduced Fehling’s solution in 
the cold. The drop of colorless liquid on the thermometer did not reduce 
Fehling’s solution in the cold. The unsatisfactory results of this experi¬ 
ment are due largely to the presence of add, as will appear in the following 
experiments: 

(b) Sixty grams of the crude aldehyde were treated as in (a) and after 
remaining at o c for one month the reaction mixture was worked up. The 
addition of a little water made it possible to completely neutralize the 
solution with lead carbonate. The alcohol was removed by distilling 
in vacuo as before. The residue was diluted with an equal volume of 
water and saturated with finely powdered potassium carbonate. 1 The 
mixture was cooled from time to time as it became perceptibly warm. 
Toward the end the solution separated in two layers, the upper one of 
which was a red oil. Sufiident ether was then added to dissolve the upper 
layer. The solution was extracted four more times with ether. The 
ether solution was filtered through a dry filter and dried over night with 
anhydrous sodium sulfate. After driving off the ether this oil distilled 
at 134 0 at 15 mm. pressure (ceresin bath at 150°). The thick oily 
distillate had only a very slight yellowish tinge and an acrid burning taste. 
Yield, estimated 4 or 5 g. 

(c) The experiment was repeated as in (6) except that the residue after 
distilling off the alcohol was extracted at once with ether and not treated 
with water and potassium carbonate as in (b). This gave 19.5 g. of a 
thick, golden yellow oil. When this oil was distilled in vacuo two fractions 
were obtained, one boiling mostly below 80 °, the other between 132-40° 
at 18 mm. The latter weighed 4 g. and subsequently proved to be nearly 
pure glyceric aldehyde diethyl acetal. A large quantity of a dark red, 
tarry liquid remained in the flask. Subsequently a higher boiling fraction 
of unknown composition, boiling mostly at 155-70 0 at 18 mm., was ob¬ 
tained from this residue. This method is less satisfactory than that 
used in (6). 

(d) Experiment (6) was repeated using 320 g. of crude aldehyde. In 
the distillation two fractions were collected. The first consisted of 11.5 g* 
of material distilling below 120° at 11 mm. pressure. The second was 
41 g. distilling between 120° and 140° at the same pressure. When the 
low boiling or first distillate was redistilled 10.1 g. distilled below uo° 
at 11 mm. When the high boiling or second distillate was placed in the 
flask containing the small residue of the previous distillation it was found 
that distillation began at 112° at 11 mm. pressure. The temperature 
arose rapidly to 119°, then slowly to 121 0 at which point the larger part 

1 WohJ, Ber ., 31, 1796 (1898); 33, 3099 (1900). 
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of the di s t ill ate passed over. The temperature then rose fairly rapidly 
to 123 °, and the distillation was interrupted at this point. The tem¬ 
perature of the ceresine bath throughout was never above 140° and was 
at 127 0 when distillation was interrupted. The oily distillate was almost 
transparent like water, had a burning taste and weighed 29.5 g. The 
boiling point of d/-glyceric aldehyde diethyl acetal as given by Wohl 1 
is 136° at 27 mm. pressure. The above material was redistilled subse¬ 
quently and was found to distil freely at 132 0 at 22 mm. pressure with an 
outside bath temperature of 140°. The boiling points observed (121° 
at 11 mm.; 132 0 at 22 rani.), therefore, coincide very closely with those 
of d/-glyceric aldehyde diethyl acetal as observed by Wohl. 2 

In order to complete the identification of this oil as d/-glyceric aldehyde 
acetal, it now remained only to show that it yields ^/-glyceric aldehyde 
upon hydrolysis. 1.6 g. of the above oil were dissolved in ten parts of 
0,1 N sulfuric acid* and allowed to stand at room temperature for two 
days. The mixture was then carefully neutralized with barium hydroxide, 
filtered and reduced to a thick syrup in a desiccator over sulfuric acid. 
A few days after stirring with a glass rod the thick syrup showed signs of 
crystallization, and in about two months assumed the form of an opaque,' 
brittle nearly white, solid mass. When particles of this mass wei l dissolved 
in water the solution reduced Fehling’s solution within a minute in the 
cold and gave the characteristic aldehyde test with SchifT’s reagent. The 
taste resembled that of the original acetal of which no doubt a considerable 
amount was still left unchanged. 

A 10 g. portion was similarly hydrolyzed and after concentrating to a 
syrup in vacuo , when treated with ammoniacal lead acetate solution, gave 
the characteristic precipitate of the lead compound of d/-glyceric aldehyde 
which turned yellow on exposure to the air as described by Wohl and 

1 B er> 33. 3103 (1900). 

* In one experiment a considerable quantity of syrup was treated as in ( d) except 
that it was allowed to stand in the ,’.:boratory instead of in the refrigerator. When 
worked up I was greatly surprised to obtain about 30 g. of a low-boiling liquid and no 
<#-glyceric aldehyde diethyl acetal whatever. This compound, boiled at 97-100° at 
12 mm. or 93-96° at 8 mm. pressure. When it is recalled that experiment ( d ), in which 
the hydrochloric acid was not neutralized, quickly gave 10 g of a similar low-boiling 
distillate and that experiment (e\ in which I took special pains to neutralize quickly, 
gave none of this low-boiling compound whatever, it seemed clear that the compound 
is in some way related to glyceric aldehyde. Further experiments will determine 
whether or not it is, as is suspected, the 0-ethyl glucoside of dl-g lyceric aldehyde. 

(Since the above was written Emil Fischer (. Ber 46, 1983) has published a paper 
°n glucosides in which he has expressed the belief that a glucoside of glyceric aldehyde 
is formed under the conditions here described and in which he has promised to investi¬ 
gate this possibility, so that it will no doubt shortly be known whether an ethyl glu- 
cosidc of glyceric aldehyde is formed here or not.) 

* Wohl, Btr. % 31, 1800; 33, 3103. 
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Itfeuberg. 1 The original etude material also gave this test. When several 
drops of a 0.25% solution of this syrup were mixed with 0.5 cc. of a cold 
saturated solution of phloroglucinol, in the presence of a trace of sulfuric 
add, the flocculent precipitate described by Wohl and Neuberg 1 was 
fprmed at once when the mixture was immersed in hot water. This syrup 
also gave the Fehling solution test and the Schiff test described above. 
The syrup with which these tests were made did not crystallize and had a 
bitter taste so that it clearly lacked some of the essential characteristics 
of pure dZ-glyceric aldehyde. 

These experiments had reached this point when they were interrupted 
in order to synthesize dZ-glyceric aldehyde according to Wohl’s method. 2 
In the light of the experience gained here, the experiments were then 
taken up again and completed as described below. 

( e ) Six hundred grams of the glycerol oxidation syrup, which had been 
standing in the laboratory for six months, were dissolved in 6 liters of 
absolute alcohol containing 1% of dry hydrogen chloride and kept in an 
ammonia-cooled refrigerator for three months. This solution was worked 
up in three equal portions of 2 liters each as follows: Each portion was 
treated with 200 cc. of water and then shaken vigorously with an excess 
of PbC 0 8 for an hour or more. Finally the last portions of acid were re¬ 
moved by adding small amounts of sodium bicarbonate until the solution 
was no longer acid to moist litmus paper. This solution was then con¬ 
centrated in vacuo to a rather thick syrup. About two volumes of water 
were added in which the syrup was readily dissolved. The whole was 
now saturated with potassium carbonate. A dark red upper layer sep¬ 
arated which was taken up in ether. The remaining solution was then 
extracted four or five times more with ether. A very thick, almost black, 
tar remained as the residue of the top layer. The orange colored ether 
solution was dried with potassium carbonate and concentrated, which 
gave 125 g. of a red oil. This distilled in vacuo gave 50 g. of a colorless 
distillate boiling between 100 0 and 140 0 at 8 mm. pressure. On redistil¬ 
ling, 37 £•> distilling between 108° and 125° (mostly 118 0 to 122 0 ) at 8 mm. 
pressure were obtained. This was dissolved in 370 cc. 0.1 N sulfuric acid 
and allowed to stand at room temperature for one week. Two grams of 
glacial acetic acid were added and then 170 cc, of 0.212 N barium hy¬ 
droxide. After filtering off the barium sulfate the solution was adjusted 
by the addition of small amounts of o.r N sulfuric acid until only a slight 
positive test for barium could be obtained. This solution was freed from 
barium sulfate by filtering through a filter containing a pinch of washed 
animal charcoal. The filtrate was freed from water by distilling in vacuo . 
The yellow gum was taken up in absolute alcohol, treated with ether to 

1 hoc . dt 

8 Cf. This Journal, 36, 1908 (1914). 
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remove inorganic matter, and concentrated tn vacuo The syrup ob¬ 
tained was inoculated with a few particles of crystalline d/-glyeenc hlde- 
hyde. In a week crystallization was complete The crystals were filtered 
off, washed freely with absolute alcohol and dried in the an for one day 
and then three days tn vacuo over concentrated sulfuric acid These 
crystals melted at 142 0 When mixed with dl glyceric aldehyde, obtamed 
by Wohl’s method and similarly dried, the melting point (142°) was un¬ 
changed A second crop of 1 g made the total quantity obtained 5 g, 
t e , about 25 % of the amount theoretically possible if all of the material 
hydrolyzed was glyceric aldehyde acetal 

It was thus definitely established that tins oxidation syrup contains 
dl glyceric aldehyde, furthermore, it is also clear from the data given that 
this method, at least in its present Jorm, is valueless as a practical method 
of preparing dl glyceric aldehyde Wolil and Ncuberg 1 succeeded in 
converting only 11% of their dl glycenc aldeli>de into the diethyl acetal 
when they used the pure sugar In Experiment (d) onl> 5 1% of the 
crude material was obtained as the acetal In anothei experiment 75% 
was obtained as crude acetal If these acetals had been absolutely pure 
this would be a very favorable result, but they were no doubt mixed with 
small amounts of other acetals or acetal like compounds of gf 'erol, etc , 
which either failed to hydrolyze, or form products of hydrolysis which pre 
vent the crystallization of the dl glyceric aldehyde present to a large ex¬ 
tent Such acetals and acetal like derivatives of aldehyde with glycerol 
and the higher alcohols are known to be formed 2 and especiall> in the 
presence of hydrogen chloride 1 

The results iust presented make it clear that it ought to be possible 4 
to obtain crystalline d/-glycenc aldehyde directly from the glycerol 
oxidation syrup bv seeding the absolute alcohol solution with the 
crystallized material All my efforts in this direction have thus far 
met with practically negative results In each test m which it was tried 
a very small amount crystallize out on long standing, but the amount 
thus obtained was negligible for practical purposes The dihydroxy acetone 
of which there is no doubt some present, and possibly the glycerol appear 
to hinder crystallization Further expenments with this syrup are, how¬ 
ever, still being made 

Summary. 

It has been shown that the reaction mixture, obtained on oxidizing 

1 Loc at 

* Cf Meyer and Jacobson's “Lehrbuch der Org CfaemieI, n, pp 157 171 

for references 

* Schultz 1 ollens, Ann , 289, 29 (1895), Nef, lbtd , 335, 215 (1904), and Fischer, 
^,^8,1169(1895) 

4 Cf also the paper on the preparation of glyceric aldehyde according to Wohl's 
method This Journal, 36, 1908 (1914) 
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glycerol with hydrogen peroxide in the presence of ferrous iron, contains 
ctt-gfyceric aldehyde: 

(x) By converting the aldehyde into glyceric aldehyde diethyl acetal, 
which was separated by extraction with ether and subsequent distillation 
and was identified by its color, taste, boiling point, and, 

(2) By liberating and crystallizing pure glyceric aldehyde from the 
syrup obtained on hydrolyzing the above acetal in 0.1 N sulfuric acid. 

The presence or absence of glycolaldehyde and dihydroxyacetone was 
not established by these experiments. 

This is the first time that either d/-glyceric aldehyde or its acetal have 
been isolated from an oxidation syrup or in fact from any source, except 
by the synthetic method devised by Wohl. It is likewise the first time 
that a sugar has been isolated from a reaction mixture by converting it 
into the acetal. 

Chicaoo, Ilu 


NEW BOOKS. 

Introduction to Modern Inorganic Chemistry. By J. W. Mellor, D Sc. 1914 
pp. xvi + 657. 8vo. Longmans, Green & Co , London, New York. Price, 
$1.30. 

The earlier and similar work by the same author, “Modern Inorganic 
Chemistry,” 1912, has been reviewed in This Journal, 35, 494. In the 
preface to the present book the author says: “I have prepared a smaller 
introductory volume to suit students who want to start with a rather 
simpler book, and I have been persuaded to introduce some pages dealing 
with a few of the more important compounds which the inorganic chemist 
borrows from the organic chemist. My larger book can now be regarded 
as a kind of sequel to the present work.” 

We all believe that good teaching requires us to arouse and hold the 
attention of the student, but those of us who have to perform this task 
for freshm^p may well be discouraged over our feeble efforts on reading 
such an exciting book as this. Our attempts to keep the students awake 
by such crude means as strange smells and explosions are here supplanted 
by poetry and drama. Who ever suspected that chemistry afforded such 
opportunities for literary effect as we find on page one? “Wind is air in 
motion, and wind has sufficient energy to propel our sailing ships, to drive 
the machinery" of our windmills, and, when stirred by cyclonic blast, to 
uproot tree^, sweep away buildings, and lash the surface of the ocean into 
wild monster waves.” Again, how the student will be aroused by the 
paragraph commencing “Let us assume the function of a judge in a law 
court and sum up the evidence for the jury,” etc. How many of us have 
ever thought of reciting stanzas from Shelley’s poem “The Cloud” to en¬ 
liven our lecture on water? We find a paragraph headed, “Nature Abhors 
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a Vacuum/* and the next, “Death of the Hypothesis* Nature Abhors a 
Vacuum.** There lacks only an illustration of Nature shrinking in terror 
from a Vacuum, and another of the Dying Hypothesis. 

But if the above suggested illustrations are lacking there is no dearth 
of others. We are shown countless hands holding test tubes, mice lan¬ 
guishing in miniature black holes of Calcutta, a man watching a big pile 
of wood turning to charcoal, bacteria growing on the root of a bean plant, 
literally dozens of generating flasks with delivery tubes and pneumatic 
troughs, eyes looking, mouths blowing, and many other unique chemical 
phenomena. The visual memory is surely not neglected. (One of these 
illustrations, molecules of hydrogen and chlorine, on page 150, is not 
arranged according to the labels.) 

The author is much interested in words. He distinguishes carefully 
ljetween the Latin and Greek numeral prefixes, although be allows “tri- 
valent** to slip in, p. 523, instead of his chosen “tervalent.” We wonder if 
beginners in England are usually required to understand such terms as 
“Pfemy’s salt,” “atmolysis,” “eremacausis,” “temoin tube,” etc.? 

A suggestive feature of the book is the unconventional order of presenta¬ 
tion. No attempt is made near the beginning to treat completely the 
compounds of any element. The effort seems to have been rather to select 
only such descriptive material as will aid in presenting the fundamental 
principles. There are places, however, where one hunts in vain for any 
sequence. Thus, in Chapter XXIX, we find several paragraphs on air 
followed by one on “Maximum, Active, and Sleeping Valences.** On 
p. 282 we find a paragraph on “Dialysis” (being a treatment of colloids) 
out of any apparent connection with the rest of the chapter. (Dialysis 
is again defined on p. 594.) 

There are very full historical references. The student is usually given 
the historical explanations of phenomena—as, for example, in the full 
discussion of the phlogiston conflict—before being introduced to the mod¬ 
em viewpoint. 

In reading a textbook which is “modem” by title, one is surprised to find 
no use made of the ionic theory. It is presented in Chapter XXIII, but 
in terms that indicate that the author is rather afraid of anything so 
hypothetical. Thus, “The ionic hypothesis is to be regarded as a ‘daring 
stroke of scientific speculation’ which is very fashionable;” and later, 
"In this way the ions have been invested with such imaginary properties 
as may be needed to keep the ionic hypothesis in accord with the facts. 
Quite an elaborate system, fairly consistent with itsfclf, has been founded 
on the above postulates. Neither the ionic nor the chain (Grotthus) 
hypothesis has proved an adequate explanation of the facts, and although 
the majority of chemists favor the ionic hypothesis, yet it is recognized 
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that it Juts many defects which will render a change necessary when chem¬ 
ists can think of a better/' This fear of overbold hypotheses does not 
prevent the author from confidently writing structural formulas for a 
large number of inorganic compounds; and explaining that the failure of 
ammonia to precipitate the hydroxides of magnesium and manganese in 
the presence of ammonium salts as due to the formation of double salts. 
It is always interesting to find what theories are accepted without qualm 
by those who look upon ions with suspicion. 

On p. 414 we find the possibility of arranging the elements in a series 
“representing the strength of the current (in volts)/' etc. A sentence on 
page 458, referring to passive iron, says what the author evidently does 
not mean. 

As in the larger book, numerous questions are subjoined to each chapter. 
These are exceedingly interesting, and would alone repay the teacher for 
the purchase of the book. * Joel, H. Hildebrand. 

Die Theorie der Strthlung und der Quanten. Verhandlttngen auf einer von : W. 
Solvay einberufenen Zusammenkunft (30 Oktober bis 3 November 1911). 
Mit einem Anhange fiber Die Entwieklung der Quanten theorie vom Herbst 1911 
bis zum Sommer 1913. In Deutscher Sprache herausgegeben von A Hoc ken, 
Halle. Druck und Verlag von Wilhelm Knapp, pp. i-xii und 1-405 Price, 
15 M 60 pf. 

This volume bears witness not only to the extraordinary activity and 
success of the German physicists in the development of the Quantum 
theory, but also to their industry and zeal in getting the latest phases of 
this subject both from the experimental and the theoretical side into the 
most convenient possible form for the use of the German scientist. The 
book before us represents, in the first place, the translation into German of 
the addresses and discussions on the Theory of Quanta which were held in 
Brussels in November, 1911, and were published in French in 1913. These 
addresses represent practically the only source to which one can as yet go 
for authoritative information as to what is involved in the theory of Quanta 
and what experimental success that theory has had. If, however, these 
addresses were the entire content of the volume, one might question 
whether their translation into German, when they were already available 
in French, would be worth while, even from the point of view of the Ger¬ 
man reader. For papers on a subject which is in its early infancy, the 
aspect of wliiclf is changing almost every month, must, of necessity, have 
much about them which is ephemeral. But Dr. Eucken has done much 
more than render these notable addresses into good German. He has 
added a thirty-five page paper of his own which is just as notable as any 
paper which was presented at the Solvay Congress. In it, Dr. Eucken, 
though a very young man himself, has sketched, with the hand of a master,. 
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the developpients of the Quantum theory from the fall of 1911 to the 
summer of 1913, There are few men who possess either the ability or the 
knowledge to present so comprehensive, and at the same time, so judicial 
and so discriminating a view of all the work which appeared within these 
two years upon this subject. This review gives to the German edition of 
the “Theory of Radiation and of Quanta” a value greatly in excess of that 
possessed by the French edition. 

To present a review of the content of the addresses themselves is wholly 
beyond the possibilities of a book review such as this. There is a limit 
beyond which concentration cannot be carried and this limit was about 
reached in some of the original addresses. Suffice it to say that anyone 
who would familiarize himself with the theory of Quanta, can do no better 
than to get the book in hand and read the papers of Einstein, of Nemst, of 
Planck, of Lorenz, of Sommerfeld, of Langevin and of Eucken. The paper 
of Perrin is very long and has no immediate bearing upon the theory of 
Quanta. Also, the papers of Knudsen and of Jeans may be omitted fot the 
purpose at hand; the first, because it does not bear on the subject of Quanta, 
and the second, because the viewpoints taken in it have now been aban¬ 
doned even by the author. All the rest of the volume is a storehouse of" 
information for the student of the theory of Quanta. 

R. A. Miixikan. 

Die Lichtbrechung in Gasen als physikalisches nnd chemisches Problem. Dr. Stanjs- 
LAW Lorla. Braunschweig. Vieweg & Solin 1014 pp. vi + 92. Price, 

3 Marks 

The “Sammlung Vieweg” is to be devoted to scientific or technical 
matters which are in active development By means of brief monographs 
it hopes to make their present state more widely known and to suggest 
the directions of possible progress. 

Dr. Loria’s little book is the fourth of the series. The literature con¬ 
cerned with refraction in gases i« extensive. Much of it, though still of 
interest to the historian or bibliographer or student of methodology, is 
not utilized in this monograph, whose object is to revise all of our ex¬ 
perimental knowledge of the refraction and dispersion of light by gases, 
in the hope of obtaining, in the future, information as to the structure of 
the atom. Since this subject will interest, not only physicists, but also 
chemists, the book begins with a chapter for the benefit of the latter, en¬ 
titled “Elektromagnetische Dispersionsthcorien.” 

The working model of the optical action of even the simplest molecule 
or atom is not yet devised. This little book well sets forth the facts and 
theoretic relations from which such a model- may sometime be derived. 
It is commended to the attention of those who are interested in physical 
chemistry. Edward W. Mordby. 
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{"lytrtiiHrifftiy. AnOtrtftwdf the Getafeetfteal Properties of Crystals. ByT.t. 
Walks*, M.A., Ph.D. pp. zhr + *04. Illustrated. Cloth, 6X9* NSw 
York: McGraw-Hill Book Co. 19x4. Price, $3.00. 

This is the first comprehensive treatment in English of the fundamental 
concepts of crystallography based on the methods of Victor Goldschmidt. 
The treatment is practical rather than theoretical. The author lays 
especial stress in the projection of crystal forms and the derivation of their 
symbols from the projections. 

The book consists of 17 chapters, of which 8 are very short. These 
are devoted to such subjects as the chemical and physical properties of 
crystals, their formation, symmetry, the irregularities of crystal surfaces, 
crystal drawing, etc. Of the remaining 9 chapters, 6 deal with the dis¬ 
cussion of the six crystal systems, one treats of crystal aggregates (mainly 
twinned crystals), one of the mathematical characteristics of crystals, 
including their measurement and projection and in one—the last—the 
author illustrates the methods of procedure in crystallographic investiga¬ 
tions by reprinting in full the article by Goldschmidt and Nicol on “New 
Forms of Sperrylite,” and that by Eakle on “Colemanite from Southern 
California/’ This last chapter serves as a summary of all that precedes it. 

The volume is satisfactory in every respect. It is clearly written and 
well printed; its discussions are logical and the subject matter is funda¬ 
mental. The book is an excellent one for mature students and for those 
who are familiar with the elements of crystallography. It is unquestion¬ 
ably the best book in English for those who desire to make a serious study 
of crystals. Its author and publisher are to be congratulated upon its 
publication. W. S. BayuBy. 

Quantitative Analysis. By Edward G. Mahxn, Ph.D., Associate Professor of Chem¬ 
istry in Purdue University. First edition. New York: McGraw-Hill Book 
Company, Inc. 1914. pp. ix -f 511; 119 ills. 14 X 20 cm. Price, $3.00 net. 

This is another member of the International Chemical Series, of which 
Prof. H. P. Talbot is consulting editor, and is uniform in external form 
with the other members of the series. 

To quote from the preface, “The author has felt a desire that has proba¬ 
bly been felt by every teacher of quantitative analysis, to produce a book 
that would cover the ground that he wishes to cover in the college courses, 
providing a reasonable degree of latitude in the selection of exercises for 
other possibly users of the book, and at the same time to present a theo¬ 
retical and practical discussion of the subject, sufficiently simple to be 
comprehended by the average student but not so elementary as to destroy 
his self-respect..... The general discussions have been given a large 
share of attention although elaborate or involved theoretical discussions 
have been, as far as possible avoided/’ The first half of the book is de¬ 
voted to principles and standard methods of analysis, as may be gleaned 
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from the titles of Chapters 1 to 10: general principles, gravimetric analysis, 
experimental gravimetric analysis, electroanalysis, volumetric analysis, 
color change of indicators, standardization, experimental volumetric 
analysis, oxidation and reduction, titrations involving the formation of 
precipitates. Silver chloride, by the way, must fuse fai above 151° 
(p. 70), for it will be recalled that Richards latterly dries it at 250 0 without 
fusion. The second half of the book is entirely occupied by Chapter n, 
analysis of industrial products and raw materials, with the following sub¬ 
heads: carbonate minerals (6 pp.), silicate minerals (7 pp.), coal and coke 
(total 24 pp.), gas mixtures (18 pp.), burning oils (6 pp.), lubricating oils 
(5 PP*)» edible fats and oils (26 pp.), water for industrial uses (13 pp.), 
water for sanitary uses (26 pp.), iron and steel (33 pp.), fertilizers (18 pp.), 
dairy products (23 pp.), assaying gold and silver ores (22 pp.), from which 
titles one can obtain an indication of how far the author has endeavored 
to cover some of the fields of applied analysis. 

Even in the second part of the book, the manual training solidity of the 
subject is leavened somewhat by an infusion of reason and reasonableness, 
and the unavoidable high concentration of facts and directions somewhat 
diluted by recollections of theory. “References to original papers have 
been carefully selected with a view to actual reading by the student. ” 
The book is modern and well-done, and will doubtless prove acceptable 
to many who wish to use a book of a content such as this one offers. 

Alan W. C. Menzies. 

Quantitative Analysis by Electrolysis. By Alexander Classen with the cooperation 
of H Cloeren Translated from the "Thoroughly Revised Fifth German Edition” 
by William T Hall, Assistant Professor, Massachusetts Institute of Technology. 
New York John Wiley & .Sons, Inc, London- Chapman 8 c Hall, Limited. 
1913 8vo. x -f 308 pp 32 figures Cloth, $2 50 net (10/6 net) 

This book was issued sometime ago, with the excellent print and binding 
characteristic of the publications of J. Wiley and Sons. As stated in the 
review of the German edition (This Journal, 31, 513) this fifth edition 
differs particularly in its introduction from the previous editions, and is 
altogether one of the best books on the subject. As before, the book con¬ 
sists of four parts—Part I, Introduction, 100 pages; Part II, Electro- 
analytical Determinations, 88 pages; Part III, Separation of Metals, 
63 pages, and Part IV, Special Analyses, 60 pages. The introduction has 
been rewritten entirely, and presents the fundamental facts of electro¬ 
chemistry according to our present-day manner of viewing them. This 
presentation is fairly accurate, but the absence of divisional headings and 
experiments or demonstrations makes it difficult for study by a beginner. 

The other parts of the book retain the form and much of the matter of 
the former editions, but the results of recent investigations on the subject 
have been carefully added, and obsolete matter has been omitted. The 



3240 


NBW BOOKS. 


information given is reliable in the main. It is to be regretted that the 
author has omitted as important a method as the ammoniacal electrolyte 
for the determination of silver, and that he credits the cyanide electrolyte 
for silver as being absolutely accurate; also, that he fails to mention that 
all methods for determining zinc give too high results. But these errors 
and omissions are exceptional. 

The presentation of the separate topics is excellent, but as a whole the 
book lacks plan: it does not give the student such a perspective view of the 
subject as a modern presentation should give. The metals are not pre¬ 
sented in their electrochemical relation. Thus in Part II the metals are 
taken up in this order: copper, lead, cadmium, bismuth, silver, etc., which 
may be a very good order for a series of exercises to bb given to students, 
but which has absolutely no theoretical basis, and hence is not a desirable 
order for either a textbook or for a reference book in which facts are to be 
correlated as much as possible. This lack of correlation shows itself to 
particular disadvantage in Part III—Separation of Metals--in which, 
with proper plan and correlation, much needless and really bewildering 
duplication could have been avoided. 

Part IV—Special Analyses—is particularly valuable. It reflects the 
author’s wide experience and great ability in selecting and combining the 
methods for different metals into plans for the rapid and accurate analysis 
of special compounds such as the commercial alloys and the important 
metalliferous minerals. 

The book may truly be designated as one of the standards of analytical 
chemistry, and should be found in every chemical library. 

E. P. Schoch. 

Qualitative Chemical Analysis. A Laboratory Text Treating of the Common Elements 
and their Compounds. By Anton Vorisbk, Professor of Analytical Chemistry, 
College of Pharmacy, Columbia University, in the City of New York. P Blakis- 
tons* Son and Co., Philadelphia, pp. x + 2i6, with a plate of spectra, tables 
and text figures Price, $2.00. 

The appearance of still another textbook on Qualitative Analysis can 
hardly fail to cause some curiosity on the part of teachers regarding the 
originality of the material contained in the book, and of the method of 
presentation. The author of this book states in the preface: 4 'The 
object of the volume is to present a concise but thorough course of qualita¬ 
tive analysis of the commonly occurring compounds and their chemical 
constituents.” Many other texts have had the same purpose, and have 
in a large number of cases fulfilled it with distinct success. It therefore 
becomes necessary to seek the qualities of this book which mark it as dis¬ 
tinct from those*we already possess. 

The thorough description of all the compounds the student is likely to meet 
in an elementary course, or even in a more advanced one, is a feature of this 
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book wanting in nearly all the smaller texts. These descriptions precede 
the presentation of the systematic separations and are of such a nature that 
the student who has mastered them is in a position to prepare for himself 
schemes of analysis. This is true not only of the basic analysis; for the 
same method is adopted in the presentation of the analysis for acidic con¬ 
stituents. The concise form in which the chemical facts are thus presented 
should make the book of value as a laboratory 7 reference book. 

It is to be regretted that these excellent features are marred by the ab¬ 
sence, in all discussions and reactions which accompany the descriptions, 
of any regard to the theories of ionic dissociation or to the reversibility 
of reactions developed in other parts of the book. Even though the author 
accepts the prevailing views of chemistry in aqueous solutions he writes 
reactions, such as the formation of barium sulfate and silver chloride as, 
BaCl 2 + HsSO, = BaSO* + 2HCI, and AgNO s + HC 1 = AgCl + HNO a , 
and cites these as typical examples of irreversible reactions. (See p. 3 and 
again p. 185.) Moreover, the theoretical portion itself is weak and in¬ 
accurate, and its utility in the correlation of the facts and methods pre¬ 
sented is exceedingly slight. 

Some of the inaccuracies are of rather a serious nature. The algebraic * 
statement of the mass in equation b on page r8o, and its applu ation on 
page 181 and in other parts of the book, is, to say the least, unintelligible. 
Again, on page 180, the formula for hydrogen fluoride in aqueous solution 
is given as HF, whereas it is generally recognized that nearly all the sub¬ 
stance present in such a solution has the formula H 2 F 2 . Similar examples 
of inaccuracy and vagueness are not infrequent in other parts of the book. 

Altogether, the usefulness of the book, from either the scientific or the 
pedagogical aspect, is by no means apparent. Ludwig RosenSTEIN. 

Nucleic Acids. Their Chemical Properties and Physiological Conduct By Walter 
Jones, Ph D , Professor of Physiological Chemistry in the Johns Hopkins Medical 
School Longmans, Green and Company, London, 1914 viii -f 118 pp , Royal 
Octavo Price, $1.10. 

This small volume, after considering historically the discovery of nucleic 
acid and its clear separation from the nucleins and npcleoproteins, takes 
up a detailed discussion of its chemistry. The identity of all animal and 
of all vegetable nucleic acids is emphasized, after which thymus nucleic 
acid and yeast nucleic acid are taken up at length as representative mem¬ 
bers of these groups. The second half of the volume deals with the physi¬ 
ological behavior of nucleic acid. 

The book, as a whole, states fairly our present knowledge of the subject. 
Due consideration is given the several score of workers who have made 
this field, and their several hundred articles. But it is more than the so 
common review, in which all findings and all views are given the same space, 
and are made to appear as of equal value. Jones’ view is critical and since 
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his contributions to the biochemistry of nucleic add and its derived pur* 
ines, and to the ferments acting upon these, are to be counted among the 
really substantial ones of American physiology, his judgment means some¬ 
thing. 

An appendix to the volume gives in excellent form an outline for pre¬ 
paring thymus nucleic add, for isolating and identifying its various de¬ 
rivatives and for proving the presence or absence of the various purine 
ferments. 

One does not add this new volume to the Plimmer and Hopkins series 
of monographs on biochemistry without renewed commendation of the 
' editorial spirit which has brought them into being, and of the courage of 
the publishers in bringing them out. We could, to the benefit of scientific 
development in the United States, advantageously exchange many of 
our textbooks for monographs of this type. Nor does one note carelessly 
that, in adding Jones’ name to the list, we become indebted to another 
non-medical investigator and writer for light in a field which from many 
angles has been considered peculiarly medical. Medical men have literally 
filled shelves with books and articles on “uric acid” and its allies and said 
nothing. Will the day not come soon when our ranks will again show the 
effects of that same mental discipline demanded in other branches of 
science? Martin H. Fischer 
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Introductory. 

Considerable work has been done m this laboratory, especially during 
the past five years, on the conductivity and dissociation of organic acids 
in water as a solvent, over a fairly wide range of temperature and dilu 
tion This investigation is a continuation of those m non aqueous and 
mixed sohents, which have bee?, m progress in this laboratory during the 
past dozen years 2 Since, up to the preseut but very little has been done 
here with solutions of the organic acids m absolute ethyl alcohol, it was 
decided to extend our investigations into this field 3 
A few rather crude measurements of the conductivity of organic acids 
were made comparatively early in the history of the conductivity method 
Wakeman, 4 in 1893, measured the conductivities of certain organic acids 
in mixtures of alcohol and water, ranging from pure water to 50% alco 
hoi He calculated the dissociations of these acids and their dissoua 
1 This investigation was carried out with the aid of a grant to H C Jones from the 
Carnegie Institution of Washington 

* Carnegie Institution of Washington, Publication No 170 

* Am Chem J 44, 156 (1910) 46, 56 (1911), 48, 320 411 (1912) 50, 1 (1913) 

4 Z phystk Chem 11, 49 (1893) 
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tion constants. The dissociations decrease slowly with increase in the 
amount of alcohol present. The constants decrease much more rapidly 
for the same increase in alcohol. Wakeman plotted curves with molec- 
. .. ular conductivities as ordinates 

and percentage alcohol as ab¬ 
scissas, and showed that, when 
they were extended beyond 50% 
alcohol in the direction of 100% 
alcohol, the conductivities proba¬ 
bly approached zero as a limit. 
He calculated that dissociation in 
the mixture is much less than 
would be expected, and showed 
that the Ostwald dilution law 
could not be applied to the mix¬ 
tures containing large amounts 
of alcohol. 

Schall, 1 in 1894, determined the 
conductivity of certain organic 
acids in ethyl alcohol, and in 
mixtures of ethyl alcohol with 
water. We also did some work 
on isobutyl alcohol. Schall con¬ 
cluded from his results that the 
molecular conductivity of organic 
acids is much less in the alcohols 
than in water, and that the acids 
behave very differently in alcohol- 
water mixtures than in the pure 
solvents. Some of them seem to 
behave just the opposite of what 
might be expected from their 
conduct in the pure solvents. 
For example, picric acid gives a 
much higher, and the others much 
lower, conductivity values in 
^water-alcohol mixtures than in 
the pure alcohol. 

A careful piece of work on the 
conductivity of certain organic 
acids in absolute alcohol at 18° seems to have been done by Wilderman 2 ill 
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1894. A great number of precautions were taken by him in preparing the 
solutions and in measuring the conductivity. He does not give his results 
with the weaker acids, but simply states that between the volumes 10 
and 160 the molecular conductivity increases approximately propor 
tional to the volume. In summing up his work, Wilderman says that it 
is possible to apply the Kohlrausch method to the determination of the 
conductivity of strong acids in absolute alcohol, but that no reliable re¬ 
sults could be obtained for such weak acids as acetic, nionochloroacetic 
and succinic. He remarks that much time and patience on the part 
of the experimenter are required to obtain results which are at all relia¬ 
ble. 

In a second investigation 1 Wilderman studied the same acids as in the 
earlier work, using in this case a precision galvanometer method and 
working at 25 0 instead of 18 0 . We found this method more generally 
applicable than that of Kohlrausch. 

Considerable work 2 has recently been done in this laboratory 011 the 
conductivity of solutions in both methyl and ethyl alcohols, but this need 
nol be discussed here. 

Experimental. 

The conductivity apparatus and method used for making tnc measure¬ 
ments were similar to that employed in previous work in this laboratory , 
except that on account of the high resistance offered by the alcoholic 
solutions of the acids, it was necessary to make use entirely of the cylin¬ 
drical type of conductivity cell. The method of obtaining the constants 
of these cells has already been described. 3 

Since the percentage temperature coefficients of conductivity for sub- 
stances dissolved in alcohol, as well as the coefficient of expansion of the 
alcohol itself, are so large, it is necessary to regulate the temperature 
as closely as possible. This was secured by the combination of a spe¬ 
cially devised gas regulator and i hermoregulator. These have already 
been described in earlier papers. 4 

In cooperation w r ith Dr. P. B. Davis, of this laboratory, a new form of 
constant temperature bath was also designed. Its. construction can be 
seen from Fig. II. A full discussion of the finally adopted form will be 
presented in a paper to be published by Davis, Putnam and Jones. In 
these baths the temperature ordinarily does not vary more than o 02 0 
which is sufficiently constant for our purpose. With special precautions 
as to insulation against changes in temperature, and with further modifica¬ 
tion of the thermoregulator, the variation can be decreased to a few 

1 Z physik Chem , 14, 247 (1894) 

* Carnegie Institution of Washington, Publications Nos 80 and 180. 

* Am. Chem . J ., 42, 527 (1909), 44* 64 (19x1). 

4 Z. physik . Chem., 85, 519 (19x3)- 
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thousandths of a degree. Aside from the better temperature regulation 
obtained in this form of thermostat bath, there are also one or two other 

advantages derived from its use. 
The bath is made of copper which 
does not rust, and the stirring ar¬ 
rangements and the cooling coil 
are on the side of the bath, and 
are therefore out of the way. A 
number of minor improvements 
were also made. 

Solutions were made up in 200 
cc. flasks calibrated for 25 and 
the measurements of the conduc¬ 
tivities of these solutions were 
made at 15 °, 25 0 and 35 °. 

Pipets, on account of greater con¬ 
venience in handling, were fre¬ 
quently used for measuring pur¬ 
poses. They were in all cases 
carefully recalibrated. Correc¬ 
tions for the expansion and con¬ 
traction of the alcoholic solutions 
at 35 0 and 15 0 , respectively, were 
of course applied to the conduc¬ 
tivity measurements. 

The alcohol was prepared by 
heating ordinary 95% alcohol for 
several days with fresh lime in 
a copper tank, provided with a ground brass stopper and reflux con¬ 
denser, and then distilling it through a block-tin condenser. The dis¬ 
tillate was reheated with fresh lime and again distilled, the first and 
last portions of this distillate being discarded. A few sticks of sodium 
hydroxide added during the last day of heating insured the removal 
from the distillate of any aldehyde which might have been present, 
and which otherwise would have distilled over with the alcohol. By 
taking proper precautions, it is possible to obtain alcohol by this method 
having a specific gravity of 0.78506 to within the limit of error ±0 00002. 
According to Circular 19 of the Bureau of Standards, such alcohol is pure. 
The alcohol employed in the conductivity measurements varied in specific 
gravity from 0.78506 to 0.78517, the latter containing 99.964% alcohol. 
The receiver for the distillate was a 6-liter Jena glass bottle. The stopper 
was a three-holed paraffined cork. Through one hole passed a siphon, 
through another an adapter with a glass stopcock, and through the third 



Fig. II. 




CONDUCTIVITY OF CERTAIN ORGANIC ACIDS. 


2247 


a calcium chloride-soda lime tube, also having a glass stopcock. In 
this way the alcohol was well protected during distillation from impurities 
in the air, and small quantities sufficient for making up the solutions 
could be drawn off without exposing the main supply. 

After weighing out the quantity of dried and purified acid necessary 
to make a solution of the required normality, the acid was washed off 
the watch glass or out of the weighing bottle into a funnel, and then into 
a 200 cc. Jena flask which had previously been thoroughly washed with 
water, and then with some of the alcohol with which the solution was to 
be made up. The flask was then filled to the neck with alcohol and shaken 
until all the acid had dissolved. It was then hung in a 25 0 thermostat 
bath until temperature equilibrium was reached, and finally filled to the 
mark. 

In the meantime a conductivity cell, which had been thoroughly washed 
the day before, and in which pure alcohol had been allowed to stand 
over night, was dried with filtered dry air. It was then rinsed several 
times with portions of the solution which had just been made up, and 
finally nearly filled with this solution. 

It was at first thought advisable to use an alcoholic solution of potas¬ 
sium hydroxide for titration purposes. General difficulties wei**, however, 
encountered. An approximately o 1 N solution of potassium hydroxide 
in absolute alcohol was made up and allowed to stand for a couple of 
days. The carbonate settles, leaving a clear, supernatant solution. But 
if the bottle was opened even for a very short time, the solution became 
cloudy, and when poured into a buret became white with precipitated 
carbonate. 

A method of filtering the solution, being a modification of one previously 
used in this laboratory, was then adopted, together with an arrangement for 
siphoning the solu¬ 
tion out of the bot¬ 
tle into the buret. 

Fig. Ill shows the 
design of the filter¬ 
ing apparatus. The 
tower T con¬ 
tains sticks of so- 
d i u m hydroxide, 
and T' is partly 
filled with metallic 
sodium. The 
former acts as a 
protecting agent to 
the latter, which 
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serves both for removing the last traces of carbon dioxide and for drying the 
air. 3 is an empty bottle, which is later interchanged with a bottle filled 
with an alcoholic solution of potassium hydroxide prepared from freshly dis¬ 
tilled alcohol. Tube E is connected with suction, so that dried, purified 
air passes through the vchole system, including the Gooch funnel F, con¬ 
taining asbestos previously washed with an alcoholic solution of potassium 
hydroxide and then pure alcohol, and through the receiving bottle A. 
When the system has been thoroughly cleansed with dry air, free from 
carbon dioxide, the stopcocks G are closed and the bottle B is replaced 
by the one containing alcoholic potash. The stopcocks are then opened 
and .suction again applied at E. When all the 
solution has been filtered, A is removed and, as 
quickly as possible, the stopper arranged to con¬ 
nect it by a siphon with the buret is introduced 
as shown in Fig. IV. A little carbonateis formed 
by opening in this way to the air, but it is a very 
small quantity, and in the course of a few days 
is entirely precipitated to the bottom of the 
bottle. 

The drying flasks are filled with a mixture of 
calcium chloride and soda lime, to protect the 
alcoholic solution when the stopcocks S and S' 
are opened. The stoppers T and T' are of cork 
and are thoroughly paraffined. Such a system as 
this remains protected from the air for a period 
of several months. 

The alcoholic solution, in course of time, be¬ 
comes colored slightly yellow, but its alkaline con¬ 
centration is apparently not changed, as can be seen by comparing titra¬ 
tions made against a standard acid in February and again in May. 

On February 25, 10 cc. of standard acid ** 8.87 cc. of alkali. 

On May 7, 10 cc. of standard acid = 8.87 cc. of alkali. 

The bottle containing the alkali was covered with a dark material, 
since, in the presence of light, the tendency of the alkaline solution to be¬ 
come colored is much greater than in the dark. 

One of the greatest difficulties encountered in connection with the 
alcoholic potash method was that of temperature changes. The co¬ 
efficient of expansion of alcohol is so large that even small changes in the 
temperature of the laboratory and consequent changes in the tempera¬ 
ture of the solution will change quite appreciably the normality of the 
alkali. 

It was this difficulty which led us to use an aqueous solution of ammo- 
nia with coralline as an indicator, instead of the alcoholic caustic potash 
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with phenolphthalein as the indicator The ammonia was prepared by 
heating concentrated ammonia and passing the gas which was given off, 
first over sticks of sodium hydroxide, which collected a large part of the 
water vapor and any carbon dioxide, and then over sodium, which ab¬ 
sorbed the remainder of the water vapor, and finally into a weighed quan¬ 
tity of conductivity water m a measuring flask, until the amount of the 
gas necessary to make a o 1 N solution wa dissolved. This solution was 
titrated against standard sulfuric acid to obtain its normality 

Coralline was used as the indicator, because it is sensitive to the or¬ 
ganic acids, and is not sensitive to carbon dioxide, except when the latter 
is present in fairly large quantity In order to test whether coralline 
is sensitive to small quantities of carbon dioxide, under the conditions 
under which we worked, another investigator in this laboratory—Mr 
J E L Holmes—measured out two equal quantities of a standard acid, 
added an equal amount of coralline to each, and then allowed carbon 
dioxide to bubble through one of these solutions for some minutes Titra¬ 
tions of both solutions were made, and practically no effect due to the 
presence of carbon dioxide was found Equal volumes of the standard 
acid were again measured out and carbon dioxide passed into one of the 
solutions for a considerable time The two solutions were then titrated 
There was, under these conditions, a small difference noted In both 
cases the amount of carbon dioxide dissolved in the solutions was incom¬ 
parably greater than would ordinarily be piesent in such solutions as we 
were titrating It was found necessary to use from eight to ten drops 
of the solution of coralline m alcohol for each titration Even then the 
end point is not quite as sharp and distinct as with phenolphthalein 

It was found that, when calculating the concentration of the organic 
acid m the alcohol from the values obtained by titrating against am¬ 
monia, a slightly different value for the concentration was obtained 
from that formed from titration* against alcoholic caustic potash We 
decided to find, if possible, the cause of this discrepancy, and to apply 
any necessary corrections A known quantity of the standard sulfuric 
acid was titrated agamst alcoholic potassium hydroxide, using phenol- 
phthalem as the mdicator Several titrations were made in every case, 
and then an equal quantity of the acid was titrated agamst the base, 
using coralline as the indicator The results m the latter case did not 
agree with those in the former by about 02 ct, 10 cc of acid 
being used m each case That the difference was not due to carbon 
dioxide, which might have been dissolved m the sulfuric acid, can be 
seen from the fact that the same difference appeared in the titrations 
with an organic acid dissolved in absolute alcohol in which carbon dioxide 
is only slightly soluble 

It was found that if the same quantity of phenolphthalein or coralline 
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used when making the ordinary titrations were added either to pure alco¬ 
hol or to water, and if these solutions of the indicators alone were titrated 
against the alkali, and then back against the standard acid, an appreciable 
quantity of the alkali was required to change the color in the one direction, 
and about as much of the standard acid to change it in the reverse direction, 
the alkali and acid being of very nearly the same strength. Corrections 
for the amounts of alkali and acid necessary to produce such color changes 
were then applied to the titration volumes of the sulfuric acid and alco¬ 
holic potash, when agreement to within the limits of experimental error 
between the results for the two indicators was obtained. In all of the 
titrations in which alcoholic potassium hydroxide was used, the tempera¬ 
ture of the solution was recorded; and when different from 25°, which 
was chosen as the standard temperature, a volume correction was applied. 
It was found necessary to keep all of the other solutions, particularly 
those of the organic acids in alcohol, as well as the alcoholic potash, at 
the standard temperature, and this was not difficult to do. 

The titration values of the ammonia and standard acid were also cor¬ 
rected, as just stated, for the amounts necessary to produce color change, 
and the concentration of the ammonia was then calculated. The nor¬ 
mality of 1-2-4 dinitrobenzoic acid in alcohol was determined from this 
standardized ammonia, making the same corrections as above, and it 
agreed to within 02% with that obtained by means of potassium hy¬ 
droxide. Similar corrections were therefore applied to the titrations of 
all the organic acids. The sulfuric acid used to standardize the alkali 
was made up in large quantity, and its normality determined by the usual 
barium sulfate method. 

Owing to the large amount of preliminary work required, it has been 
possible, up to the present, to make conductivity measurements of only 
nine organic acids. The same methods of purifying the acids were em¬ 
ployed as when the conductivities of these acids were determined in 
aqueous solution. In most cases the various dilutions were made up 
by directly weighing the acid. 

In the work in alcohol it was necessary to discard all of the weaker 
organic acids, notwithstanding the fact that our cell constants were about 
eight times smaller than those of Wilderman. After trying acetic acid 
several times we gave up hope of obtaining satisfactory results with 
such weak acids. Even the strongest acids with which we worked do not 
give a molecular conductivity greater than unity. 

Titrations of the adds against the standard alkali were made simul¬ 
taneously with the conductivity measurements at every temperature. 
At first the alcoholic solution of the add was not kept at constant tem¬ 
perature, but it was soon found that, in order to obtain comparative re- 
suits, and to avoid the considerable fluctuations of laboratory tempera- 
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ture, it was necessary to have all the solutions continuously at one tem¬ 
perature, preferably at 25 °. 

Results. 

In the following tables of conductivity, V m is the \oluim for which the 
solutions were made up, V c is the corrected volume The corrections 
applied were both for expansion or contraction of thi alcohol, and for 
change in the concentration of the acid due to formation of ester. Molec¬ 
ular conductivity, M vt was calculated in the usual manner, as were also 
temperature coefficients and percentage temperature coefficients 


Table I Mai omc Acid 

Ti nipt raturc Codfioitnts 

Molecular ConductiMtv of Conductivity 

15 25 l 25 35° 


1 m 

Vc 

Ms 15 ° 

TV 

Ms 25° 

V 

t 

Ms 35 ° 

Cond 

units 

Pir 

tent 

C ond Per 

units tent 

8 

8 

12 

0 0190 

8 13 

O 02 37 

8 

18 

0 0319 

O 0046 

24 5 

1 1X)79 33 9 

32 

32 

9 

0 0434 

33 2 

0 05 5 5 

33 

7 

0 0737 

0 01 I 3 

26 7 

0 0192 35 9 

128 

129 

3 

0 0775 

129 5 

O 0985 

129 

6 

0 1 351 

0 0207 

26 1 

0 03-59 3f> 9 

512 

512 

8 

0 2533 

514 9 

O 3160 518 

1 

0 1338 

0 061 \ 

24 2 

n 1145 36 4 


Specific conductivity of alcohol it 15 , 0000254 to 0000246 at *5 0000257 to 

o 000249 

Table TI — 0 Cm orobknzoic Acid 


Molecular Conductivity 


I« \c 15° lc h > 25 ° V £ 35° 

8 8 14 o 01303 8 16 o 0159 8 28 o 0197 

32 33 1 o 01530 33 6 o 0198 34 9 o 0271 

128 129 5 o 0279 129 7 o 0371 129 8 o 0555 

512 313 8 o 1330 516 5 o 1714 519 9 o 2497 


1 emi cr.itmi Cotffii lints 
of Conductivity 
la ?s° 25 - 35 ° 

Cond Per Cond Per 
•nits cent units cent. 

o 00281 ~I 1 O 00344 22 I 
0 00451 28 1 o 00605 31 9 
o *>0903 32 8 o 0180 49 2 
o 0375 20 8 o 0759 44 6 


Specific conductivity of alcohol at 15 0 , 0000531 to 001x3540, at 25 °, 0000578 to 
o 000622, at 35 °, o 000637 to o 000711 


Table III - p Chlorobenzoic Acid ' 


Molecular Conductivity 

V m Vc 15 ° Vc Ms 25 ° Vc 

8 10 o 0 0017 10 08 o 0025 10 11 

32 33 69 o 0082 34 18 o 0117 34 9 

128 129 7 o 0157 130 3 o 0189 130 9 

512 514 8 o 1263 520 o o 1547 522 7 


Temperature Coefficients 
of Conductivity 
15 - 25 ° 25 - 35 ° 

Co*d Per Cond Per 
Ms 35 0 unite cent units cent 

O 0035 o 00067 48 2 O 00086 41 7 

o 0160 O OO315 40 2 O 00382 34 7 

O 0270 o 00314 19 9 o 0079 42 4 

O 1853 o 0368 29 3 o 0293 19 2 


Specific conductivity of alcohol at 15 0000585 to 0000586, at 25 °, 0000650 to 

o 000656, at 35 o 000752 to o 000827 
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Table IV — ^-Bromobbnzoic Acid 

Temperature Coefficients 

Molecular Conductivity of Conductivity 

15 - 25 ° 25 - 35 ° 

Cond Per Cond Per 


Vm 

Vc 

hr 15 ® 

Vc 

h> 25 ° 

Vc 

H 35 ° 

units 

cent 

units 

cent 

8 

8 

147 

O 00264 

8 24 

O 00353 

8 27 

0 0047 

0 

0008 

30 

7 

O 0012 

34 

9 

32 

32 

57 

O 01252 

33 3 

0 0147 

34 33 

0 0200 

O 

OO19 

15 

4 

O 0046 

32 

3 

128 

129 

1 

O 0349 

129 2 

Q 0418 

129 5 

0 0559 

O 

0068 

19 

6 

O 0138 

33 

3 

512 

512 

8 

O 1651 

517 5 

O 1976 

518 9 

0 2637 

O 

0307 

18 

6 

O 0607 

29 

9 


Specific conductivity of alcohol at 15 ° 0000217 to 0000214, at 35 °, 0000264 to 
0000233 


Table V —0 Nurobenzoic Acid 

Temperature Coefficients 

Molecular Conductivity of Conductivity 

15 - 25 ° 25 - 35 ° 

Cond Per Cond Per 

Vm Vc f*v 15 ° Vc hr 25 ° \ c hi 35 ° units cent units cent 

8 8 21 o 00785 8 27 o 00937 8 27 o 0120 o 00142 18 56 o 0025 27 45 

32 33 19 o 0204 34 3 0 0253 34 95 o 0337 o 0040 20 31 o 0084 35 44 

128 129 3 o 0460 129 5 o 0477 129 6 o 0734 o 0642 35 94 a 0413 17 00 

512 512 5 o 1788 517 o o 2452 518 5 o 2877 

Specific conductivity of alcohol at 15 °, 0000232 to 0000227, at 25 0 0000242 to 
o 000238, at 35 °, o 000237 to o 000232 

Table VI — p Nitrobenzoic Acid 

Temperature Coefficients 

Molecular Conductivity of Conductivity 

15 - 25 ° 2 5 - 35 ° 

Cond Per Cond Per 

Vm Vc H 15 ® Vc #** 25 ° Vc 35 ° units cent units cent 

32 32 96 o 0102 33 61 o 0151 34 56 o 0214 o 0045 45 5 0 0055 38 2 

128 129 2 o 0516 129 3 o 0570 129 5 o 0785 o 0033 12 9 o 0212 37 5 

512 512 8 o 1417 517 6 o 1814 520 5 o 2399 o 0401 28 6 o 0565 31 4 

Specific conductivity of alcohol at 15 0 0000237 to 0000231 at 25 °, 0000237 to 
0000227 at 35 0 , 0000232 to o 000216 

Table VII —1 2,4-Dinitrobenzoic Acid 

Temperature Coefficients 

Molecular Conductivity of Conductivity 

« 15 25 ° 25 - 35 ° 

Cond Per Cond Per 

Vm Vc hr 15 ° Vc hr 25 ° Vc h 35 ° units cent units cent 

8 8 13 o 0379 8 24 o 0481 8 24 o 05879 o 0094 25 2 o 0104 22 3 

3* 33 62 o 9964 33 62 o 0848 33 62 o 10512 o 0171 26 9 o 0194 23 9 

128 133 5 o 2556 133 5 o 1670 133 5 o 20043 o 0323 25 3 o 0359 22 4 

Specific conductivity of alcohol at 15 0000882 to 0000936, at 25 # , 0000991 to 

o 000935, at 35 o 001133 to o 00123 
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Table VIII —i 2 4 Dihydroxybenzoic Acid 

Temperature Coefficients 

Molecular Conductivity of Conductivity 

is 2S° 25 is° 





C ond 

1 cr 

l ond 

Per 

Vm Vc 15° 

\c Mt, 25° Vc 

M, SS° 

11 Jits 

cult 

units 

tent 

8 9 99 0 0080 

10 06 0 0098 10 10 

O 0126 

O 0014 

20 

0 0023 28 3 

32 33 0 0 0155 

33 01 0 0197 33 01 

O 02 54 

O 004 

26 5 

0 0054 '’S 3 

128 129 1 0 0171 

129 3 0 0272 129 6 

O 0391 

0 100 

59 ' 

O Ol17 43 4 

512 514 9 0 1008 

517 5 0 1464 520 2 

O 20l8 

O 044 

44 * 

0 0539 37 2 

Specific conductivit> of alcohol at 15 0 oocx>55i 
> 000682, at 3 5 0 0 000735 to 0 000791 

to 0 00061 3 

it 25 

u 0000631 to 


Table IX —Tltrachi orojuthalic Aud 

Tcmpcraturi Coefficients 

Molecular Conductivitv of Condmtivitv 

is 2S° 25 35° 


Vm 

Vc 

15° 

It 

*v 25° 

Vc 

35 0 

Cond 

units 

l’er 

cent 

t ond 
unit 

Per 

cent 

16 

16 08 

fn 

0 

C 

16 21 

O 0639 

l6 21 

0 0770 

O 0045 

16 9 

O (X>64 

18 9 

64 

64 06 O IOII 

64 06 

0 1198 

64 ()6 

0 1461 

O 0093 

T« 5 

OI31 

21 9 

2 5 6 

258 9 

O I294 

259 3 

O 1541 

260 O 

O l8l 3 

O OI2I 

18 1 

0 0171 

22 5 

512 

1024 

1027 0 

O 3208 

1036 0 

O 3860 

IO43 O 

O 4960 

0 0309 

19 3 

O 0527 

27 6 


Specific conductivity of alcohol at 15 0 0000543 to 0000554 at 25 0 0000616 to 
0000637 dt35° o 000711 to o 000742 


The rate at which the organic acids combine with alcohol can be seen 
from the following data The times at which the titrations were made 
are given, and the percentage decrease in normality shows the rate of 
ester formation. 

Tabi e X — Malonic Acid 


Changes in Concentration 



Observed 

Calculated 

Per cent 
decrease in 

Time 

normality 

normality # 

normality 

12 40 P M 

0 1232 

0 1250 

1 44 

2 30 PM 

O 1229 

O 1250 

1 68 

4 OO P M 

O 1222 

O 1250 

2 24 

12 50 P M 

O 03039 

O 03125 

2 75 

2 30 PM 

O 03008 

O 03125 

3 75 

4 10 PM 

O 02966 

O 03125 

5 09 

12 OO M 

O 00773 

O 007812 

1 05 

2 30 PM 

O OO772 

0 007812 

1 x8 

4 OO PM 

O 00771 

0 007812 

1 31 

12 IO P M 

O 001950 

0 OOI953 

0 16 

2 40 PM 

O OOI942 

O OOI953 

0 51 

4 IO P M 

O OOI930 

O OOI953 

1 18 
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Table XI 

0-CHLOROBENZOIC Acifi £-CHLOft6fiEK20tC ACID 

Changed m Concentration 


\ 

Time 

Observed 1 
normality 

Calcu Per cent 
la ted nor decrease in 
mality normality 

Time 

Observed 

normality 

Calcu Per cent 

lated nor decrease in 
mality normality 

10 00 A M 

O 1228 

O 1250 

I 

76 


12 

30 P M 

0 0996 

0 1250 

20 32 

12 15 p M 

O 1225 

O 1250 

2 

00 


2 

OO P M 

0 09919 

O 1250 

20 65 

4 15 pm 

O 1210 

0 1250 

3 

20 


4 

15 P M 

0 0989 

O 1250 

20 90 

4 40 PM 

0 1208 

0 1250 

3 

36 


12 

40 P M 

0 0297 

0 03125 

5 09 

II 00 A M 

0 03018 

O 03125 

3 

43 


2 

OO P M 

O 0292 

O 03125 

6 40 

11 50 A M 

0 02976 

0 03125 

4 

77 


4 

30 P M 

0 0286 

0 03125 

8 42 

3 30 PM 

O 02914 

0 03125 

6 

76 


12 

30 PM 

0 00771 

O 007812 

1 31 

4 30 PM 

0 02862 

O 03125 

8 

42 


2 

20 P M 

0 007691 

O 007812 

1 55 

11 40 AM 

O 00772 

0 007812 

1 

18 

2 I 

[ 3 

30 P M 

0 00767 

O 007812 

1 77 

12 30 PM 

0 00771 

0 007812 

1 

3i 

days < 


XO P M 

0 00766 

0 007812 

1 99 

2 30 PM 

0 00770 

0 007812 

1 

44 

later | 

i 5 

OO P M 

0 00763 

0 007812 

2 25 

4 OO P M 

0 00769 

0 007812 

1 

57 


12 

35 pm 

0 001942 

0 001953 

0 57 

11 35 A M 

0 001946 0 001953 0 36 


3 

15 PM 

0 001923 

O 001953 

1 54 

12 30 P M 

O 001936 0 001953 

0 

88 

2 

f “ 

30 P M 

0 001916 

O CO1953 

1 97 

a 50 PM 

0 001932 

0 001953 

1 

08 

days ■ 

3 

30 P M 

0 001913 

0 001953 

2 05 

4 45 PM 

0 001923 

O 001953 

1 

54 

later 

l 4 

15 PM 

0 001903 

0 001953 

2 57 


Table XII 

P-Bromobbnzoic Acid o-Nitrobenzoic Acid. 

Changes in Concentration. 

Calcu Per cent Calcu Per cent 


Time. 

Observed lated nor decrease in 
normality, mality normality 

Time 

Observed 

normality. 

lated nor* 1 
mality 

decrease in 
normality 

11 

30 A M 

0 12275 

0 1250 

1 80 

12 

15 PM. 

0 12176 

O 1250 

2 60 

2 

45 PM 

0 12129 

0 1250 

2 97 

12 

30 P M 

0 12088 

0 1250 

3 30 

4 

40 P M 

0 12088 

0 1250 

3 30 

4 30 PM 

O 12088 

0 1250 

3 30 

11 

40 A M 

O 03070 

0 03125 

1 76 

12 

30 P M 

0 03013 

0 03125 

3 59 

2 

50 PM 

O 03007 

0 03125 

3 76 

2 

30 PM 

0 02914 

O 03125 

6 77 

4 

50 PM 

O 02914 

0 03125 

6 76 

4 

30 P M 

O 0286 

0 03125 

8 45 

11 

00 A M 

0,00774 

0 00781 

0 89 

12 

OO M 

O 00773 

O OO781 

r 03 

12 

15 PM 

0 00773 

0 00781 

1 00 

2 

30 P M 

O 00772 

O OO781 

1 17 

4 

OO PM 

O 00771 

0 00781 

1 22 

4 

OO P M 

O 00771 

0 00781 

1 29 

11 

IO A M 

0 

8 

0 

0 

0 001953 

0 16 

12 

10 PM 

0 00195I 

0 001953 

0 11 

12 

25 PM 

0 001932 

0 001953 

1 08 

2 

40 P M 

O OOI934 

0 001953 

0 9b 

4 

IO PM 

0 061927 

0 001953 

1 34 

4 

10 PM 

0 001928 

0 001953 

1 28 
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• Table XIII 

/>-Nitrobenzoic Acid i, 2 , 4 -Dinitrobbn 7 oic Acid 

Changes in Concentration 



Time 

Observed 

normality 

Calcu- Pei cent, 
lated nor* decrease in 
mality normality 

Time 

Observed 

normality 

Calcu¬ 
lated nor¬ 
mality 

Per cent 
decrease in 
normality 

12 

OO M 

0 03034 

0 03125 

2 

93 

12 

50 p M 

0 

12 

0 1250 

1 60 

2 

30 P M 

0 02976 

0 03125 

4 

77 

2 

30 P M 

0 

1215 

0 1250 

2 96 

4 

45 PM 

O 02893 

O 03125 

7 

43 

4 

PM 

0 

1213 

0 1250 

2 96 

12 

OO M 

0 007738 

0 007812 

0 

95 

12 

20 P M 

0 

02974 

0 0^25 

4 83 

2 

30 P M 

0 007734 

0 007812 

1 

(K1 

4 

OO P M 

0 

02974 

0 03125 

4 83 

4 45 PM 

0 007721 

0 007812 

1 

17 

5 

OO P M 

0 

02971 

O 05125 

4 83 

12 

OO M 

0 001950 

0 001953 

0 

l6 

12 

35 PM 

0 

00749 

0 007812 

4 13 

2 

V) P M 

0 001932 

0 001953 

1 

08 

2 

30 I* M 

0 

(XJ74Q 

0 1x17812 

4 13 

4 

30 PM 

0 001921 

0 001953 

1 

64 1 day ( 

later ^ 

10 

OO A M 

0 

00764 

0 007812 

2 21 


This titration was made with the solution alter it had stood in the cell over night. 


Table XIV 

1,2,4 Dihydroxybbn 70 ic Acid. Tetrachlorophthalic Acid. 

Changes in Concentration 



Time 

Observed 

normality 

Calcu- Per cent 

lated nor- decrease in 
mality normality 

Time 

Observed 

normality 

Calcu Per cen* 

lated nor- decrease in 
mal’" normality 

11 

15 A M 

0 

10008 

0 1250 

19 

94 

11 

50 A M 

0 

06218 

0 

0625 

0 52 

12 

30 P M 

O 

09940 

0 1250 

20 

50 

12 

50 P M 

0 

06168 

0 

0625 

I 3 ' 

2 

30 P M 

O 09899 

0 1250 

20 

82 

3 

20 P M 

0 

06168 

0 

^>625 

I 32 

4 

30 P M 

O 09873 

0 1250 

21 

02 

4 

30 P M 

O 

06168 

0 

0625 

I 32 

12 

25 P M 

O 

03034 

0 03125 

3 

09 

12 

OO M 

0 

04561 

O 

01566 

u 32 

12 

45 PM 

0 

03029 

0 03125 

3 

09 

1 

OO P M 

0 

04561 

0 

01 >66 

0 32 

2 

30 P M 

O 

03029 

O 03125 

3 

09 

3 

30 P M 

0 

04561 

O 

01566 

O \2 

4 

30 PM 

O 

03013 

0 03125 

3 

59 

4 

30 P M 

0 

04561 

0 

01566 

~ 32 

12 

OO M 

O 

00774 

0 007812 

0 89 

12 

15 PM 

O 

00386 

0 

00:591 

I 08 

2 

30 P M 

O 

<x> 773 

O 007812 

1 

03 

2 

CX) P M 

O 

cx>385 

0 

00391 

I 28 

4 

15 P M 

O 

00771 

0 007812 

l 

27 

4 

OOPM 

0 

00384 

0 

00391 

I 54 

12 

IO P M 

O 

00194 

O OOI953 

O 

51 

12 

25 P M 

O 

000973 

O 

000976 

O 31 

2 

40 P M 

O 

00193 

O OOI953 

I 

08 

2 

IO P M 

0 

000965 O 

000976 

1 13 

4 30 P M 

O 

00192 

O 001953 

T 

59 

4 

IO P M 

O 

000958 O 

000976 

I.85 


Discussion of the Results. 

It will be noted in the above tables that 1,2,4-dinitrobenzoic acid shows 
an irregularity in its titration values. The conductivity of this acid was 
determined before we began to keep the solutions used in titration at a 
constant temperature. In the case of all the other acids £he results show 
that with increase in time a greater amount of esterification has taken 
place; that is, the normality of the acid has become less The amount of 
ester formed in a given time depends upon the nature of the acid. 

Since each dilution was made up independently of the others, that is, 
by direct weight, it is interesting to note that the proportion of ester 
formed in the less dilute solutions, is much greater than in the more dilute 
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solutions. Indeed, in 9ome cases there is practically no ester formed in 
the N/12& and N/512 solutions. As has already been stated none of the 
conductivities is greater than unity, and consequently, the molecular 
conductivity of the alcohol for each dilution is relatively quite large, 
the correction for this factor being in some cases as much as 70% of the 
total conductivity. It can be seen from the tables that the conductivity 
of the alcohol alone varies considerably, usually increasing appreciably 
* Ma/omc Actd with time. Some of the conductivities 

of the alcohol increase with rise in 
temperature, some actually decrease, 
while others remain very nearly con¬ 
stant. We can offer no explanation 
for this lack of uniform variation, ex¬ 
cept to call attention to the several 
factors which might affect the conduc¬ 
tivity of the pure solvent. One might 
be the absorption by the alcohol of 
traces of various gases or water-vapor 
from the atmosphere. This, however, 
ought to be a negligible factor, since 
our cells were very nearly filled, and 
were tightly closed with ground-glass 
stoppers. The decomposition effects 
brought about by the platinum elec¬ 
trodes may be an important factor. 
Compare here the work of Wilder man 
and others on this question. It is evi¬ 
dent that the electrodes do have some 
effect, since fresh alcohol just taken 
from the bottle does have a fairly uni¬ 
form conductivity. Part of the effect, 
with alcohol which stood in the cell 
over night, might be due to the solu- 
Lof Voiumt bility of the glass cell. This, however, 

F> 9 T is not at all probable, since our cells 

have been in constant use in this laboratory for several years, and hard 
glass is only tery slightly soluble in alcohol. 

The conductivities of some of the solutions, and curiously enough of 
the more dilute solutions, vary to a much smaller extent with time, than 
does the conductivity of the pure alcohol. 

It will be recalled that Wakeman plotted curves of conductivity of the 
organic acids against percentage alcohol (see Fig. I) and on extending 
the curves in the direction of 100% alcohol they apparently approached 
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zero conductivity as a limit. As can be seen from our results, the con¬ 
ductivities do not actually approach zero, but a number less and usually 
very much less than unity. 

One of the most interesting facts which came out in this work is the 
extraordinarily large percentage temperature coefficients of conductivity 
of the organic acids in alcohol. These range from fifteen to fifty per cent. 

There is often a rapid increase in the conductivity of the organic acids 
with increase in dilution, yet certain of the acids behave in just the opposite 
manner; e. g., c-chloro- 

benzoic acid and p- nitro- 017 1 p- CHorobenjoic Acid 

benzoic acid. __ 

Our results seem to ^ 

suggest the following pos- jj 

sibilities, if we take into jj 

account the work done ^0/3 - jj - 

here on the organic acids ^ OH - jf—f — 

in aqueous solutions: 1 ^ 

chat there is much greater ^ ^ 

alcoholation than hydra- g 

tion, and this is decreased ^^9 
with rise in temperature. ^ 006 

The work already done in ^ Q07 

this laboratory renders ^ QQ& 

this highly improbable. ^ qq$ 

The alcoholates may be 
more unstable with rise 
in temperature than the 
hydrates; but water 
seems to have, in general, 00/ 

far more power to com¬ 
bine with dissolved sub- ~ 

stances than alcohol. FiQ- VI 

If dissociation in alco¬ 
holic solutions increased with rise in temperature, it might account for 
the large temperature coefficients of conductivity in such solutions, but 
this again seems highly improbable. 

The greatei expansion of the alcohol with rise in temperature would 
allow afreer movement of the ions, and this is doubtless of some significance. 
A method for determining the dissociation of the organic acids in alcohol, 
somewhat similar to that used with aqueous solutions, will, it is hoped, 
be worked out in the investigation of this subject which is to follow this 
preliminary one. It will involve the study, in alcohol, of the conductivity 
1 Carnegie Institution of Washington, Publication No 170. 
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d some salts of the adds, as well as of hydrochloric acid and the chloridea 
corresponding to these salts. 





The increase in conductivity with increase in volume is shown graphically 
in Figs. V and VI. The increase in conductivity with rise in temperature 
can be seen from Figs. VII and VIII. In the latter case the curves have very 
much the appearance of those in aqueous solutions. This suggests the 
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thought that perhaps the increase in molecular conductivity in alcohol 
with rise m temperature, is a parabolic function, as in aqueous solutions, 
and that the Euler equation 

fiV = no *4" at + fit 2 

applies to both 

This will be tested m the later work by determining the conductivities 
of some of the acids at temperatures other than the three already named, 
and comparing the results obtained, with those calculated from this equa 
tion The most striking feature of the conductivities of the organic acids 
in alcohol, as compared with the conductivities of the same acids in water, 
is their very small value When we consider the relative powers of alcohol 
and water to dissociate salts, the above fact does not at present seem to 
admit of an> \ery satisfactory explanation Alcohol has from one fourth 
to one fifth the dissociating power of water as shown by their dissociation 
of salts With the organic acids the conductivities in alcohol are often 
several hundred times smaller than in w^ater It is hoped that the further 
work which is now m progress in this laboratory on this problem may 
throw some light on this relation 

Towns Hopkins University 
Baltimore Mu 
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Elementary Iodine. 

The elementary forms of iodine which we shall consider are solid and 
liquid iodine, I 2 m aqueous solution, and the two gaseous modifications, 
Is and I Solid iodine is taken as the standard state 
1 (s) = 1 (l) —The free energy oi liquid iodine is obtained directly 
from the melting point of solid iodine, which was found by Ramsay and 
Young 1 to be 114 0 , a value which is in good agreement with those given 
by Regnault and by Stas From the vapor pressure measurements of 
Ramsay and Young the heat of vaporization of liquid iodine has been 
calculated by Baxter, Hickey and Holmes 2 and shown to be S 250 cal 
per g atom From their own measurements which we shall presently 
discuss more fully, the heat of sublimation of 1(5) at the same tempera¬ 
ture, 114 0 , is 7270 cal Subtracting, we find in round numbers for our 
reaction 8 AH — 2000 cal 

1 Ramsay and Young 7 C hem Soe 49 , 45^ (1886) 

2 Baxter Hickey and Holmes This Journal 29 , 127 (1907) 

4 Favre and Silbermann obtained the value 1500 cal but only made one deter 
Biination 
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We have no safe means of estimating the heat capacity of liquid iodine. 
We will therefore write AT *= o. This assumption may be quite er¬ 
roneous and therefore we must not attempt to use over too wide a range 
of temperature, the free energy equation 1 which we thus obtain, namely, 
I(s) - 1 ( 0 ; AF° = 2000 — 5.17T, (1) 

where the value I = —5.17 is found directly by writing AF° = o at ii4°C. 
Hence, AF° 2 98 & 460. 

2 l(s) = /2(g).— The heat capacity, per gram atom, of 1(5) was found 
by Nemst, Koref, and Lindemann 2 to be 6.6 at room temperature. The 
value will doubtless be higher at higher temperatures, but we have no 
data upon which to determine the temperature coefficient above room 
temperature. We shall therefore treat C p as constant. The value of 
C p for the gas I 2 we have given in another place 3 as 
Cp(h) = 6.5 + 0.0040T. 

We thus find 4 for the reaction in question 

Ar = —6.7 + o. 0040T. (2) 

The heat of sublimation was calculated by Baxter, Hickey and Holmes 6 
to be about 15100 cal. at 30 °, whence AH 0 = 16900 and 

AF° = 16900 + 6.7T In T —0.0020T 2 —78.73T (3) 

where the value of I = —78.73 is calculated from the vapor pressure meas¬ 
urements of Baxter, Hickey and Holmes, who find the vapor pressure 

1 For a discussion of the general form of the free energy equation see Lewis, Tnis 
Journal, 35, 1 (1913)- 

2 Nernst, Koref and Lindemann, Sitz. Kgl. preuss. Akad Whs, 12, 13, 261-282 
(1910) 

3 Lewis and Randall, This Journal, 34, 1128 (1912). 

4 It may at first sight seem absurd to introduce into Equation 2 a term involving 
the change in si>ecrfic heat of I 2 with the temperature when we have neglected a similar 
term, possibly greater than this, in the heat capacity of solid iodine This is, however, 
by no means the case. In the handling of free energy equations it proves to be as im¬ 
portant to use consistent values as to use true ones, and any attempt to round off in 
the course of a calculation data which have previously been decided upon leads to the 
utmost confusion The reason for this will become obvious if we consider a simple 
example Suppose that we know accurately the heat capacities of the gases I 2 and I, 
while the heat capacity of I (5) is not accurately known Since, however, I (5) is taken 
as the standard form, the free energy equations to be considered are those corresponding 
to the two reactions, 2l(s) ** I*(g) and l(s) * 1(g). No matter how inaccurate the 
thermal data%nay be which are used for I(*), if we use these values consistently and 
have kept in our equations the accurate equations for I 2 and I, then by subtracting the 
two free energy equations we will have an exact equation for the reaction I 2 m 2I 
It is therefore of the highest importance that when values of Ar or AH or the constant 
I are once adopted for one reaction that the data on which these values are based be 
used in exactly the same form in all other equations In our first free energy calcula¬ 
tions an immense amount of time was lost through neglect of this principle. 

• Baxter, Hickey and Holmes, loc. cit 
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to be 0.305 mm. at 25 0 and 2.154 nun. at 50°. Whence, assuming that 
the vapor obeys the gas law, AF 0 298 = 4630 and AF° 82 3 = 3770 cal. 
These lead respectively to the values —78 76 and —78 71 for I. We 
will take I = —78.73 and AF 0 298 = 4640. (4) 

12(g) =* 21 (g )-—The heat capacity of the monatomic gas 1 is undoubt¬ 
edly that of other monatomic gases; Cp — 50, that of I 2 is given in 
Equation 2. Hence 

at = 3 5 — o 0040T 

AH = AH 0 + 3.5T — 0.0020T 2 

The heat of the reaction can be obtained only from the equilibrium 
measurements of Starck and Bodcnstein, 1 from which we have con- 


structed Table I. 


Table I 



T 

K 

AF° 

AH. 

I 

1073 

O OI14 

9550 

}5670 

—2 04 

1173 

(> 0474 

7115 

37000 

— 1 94 

1273 

O 165 

4560 

37840 

— 1 94 

1373 

O 492 

1940 

39640 

01 

1473 

I 23 

—614 


—2 02 




Mean, 36860 

~ 1 99 


The first column gives the absolute temperature, the second the equi¬ 
librium constant, 2 the third gives the corresponding free energies, the 
fourth gives the values of AH calculated from consecutive pairs of K, 
and the fifth the values of I, which are ultimately obtained from the several 
values of K. The mean value of AH at the average temperature of 1273 0 A 
leads to AH 0 — 35650 cal. Hence, 

%) = 2l(g); AF° = 35650— 3.50T In T +0 0020T 2 — 1 99T (5) 
This equation agrees at least as well with the experimental data of Boden¬ 
stein and Starck as the equation which they use. From our equation 
we find 

AF°298 = 29290 cal. (6) 

I($) = 1 (g) .—Combining (4) and (6); (3) and (5), AF° 298 = 16965, 
AF° - 26275 + 1.60TInT — 40.36T. (7) 

2I (s) ss I 2 (aq.). —The free energy of formation of a molal solution 
°f iodine in water can readily be determined from solubility measure- 
1 Starck and Bodenstein, Z. Electrochem., 16, 961 (1910) 

5 The equilibrium constant here given is, as usual, the one involving gaseous pres- 
sures (sometimes designated as K P). It has been calculated from the values of K c 
8«ven by Bodenstein. 
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ments. Jakowkin 1 found the solubijity of iodine at 25 0 to be o 001334M. 
This value is corroborated by the work of Hartley and Campbell.* Bray 
and MacKay 8 show that some of the iodine dissolved is not present as 
such owing to hydrolysis, and they give the true solubility as o 00132 M. 

Assuming now that the activity of I2 in solution is proportional to its 
concentration, the free energy of a molal solution is given by the equa¬ 
tion 

AF°298 = —R'T In o 00132 = 3926 cal. (8) 

Hydrogen Iodide. 

V2H2 + VaWg) = HI (g)This reaction was carefully studied by 
Bodenstein, 4 and the work has been subjected to a careful critique by 
Haber in his “Thermodynamics of Technical Gas Reactions." Haber 
expresses Bodenstein’s data by the free energy equation 

AF° = —89.575 — 1.575TI11T + 0.00549T 2 + R'TIn * + 2.67T. 

From this equation AH 29 8 — —96 cal. and AF 0 2 98 = —1480 cal. 

This equation, as we shall see, gives values of AF°, AH, and AI\ which 
are by no means consistent with those obtained in other ways Haber 
suggested the possibility that the dissociation of iodine into monatomic 
vapor might have caused some error in the calculations based upon Boden¬ 
stein’s measurements. Since then, the investigation of Bodenstein 
and Starck has permitted us to calculate the actual dissociation of I2 
at the various temperatures and pressures used by Bodenstein. Thus, 
from Equation 5 of this paper we have calculated the fraction of Ij 
dissociated at the four absolute temperatures given in Table II. 

Tabi.k II 

T 553 633 713 793 

Fraction I 2 dissociated 

(pi, ~ 1) 1 50 X icT 6 1 35 X io“ 4 o 65 X io~ J 2 45 X icT* 

Fi action I. dissociated 

(pi, * l /i) 3 01 X id" 6 2 51 X io“ 4 1 31 X io"’ * 90 X icT* 

From this table we may make the small corrections to Bodenstein’s 
equilibrium constants at the four temperatures which we have chosen as 
representative. In Table III the value of In K, which Haber gives, are 
shown in the second column, the values of In K corrected for the dissocia¬ 
tion of the iodine in the third, and in the fourth the values of AF° ob¬ 
tained from In K (cor.). 

1 Jakowkin, phys Chem , 18, 500 (1895) 

* Hartley and Campbell, J Chem Soc , 93, 741 (1908) 

J Bray and MacKay, This Journal, 32, 914 (1910), 33, 1485 (1911) 

4 Bodenstein, Z physik Chem , 29, 295 (1899), and earlier papers 
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T 

In K (Haber) 

Table HI 

In K (cor ) 

AF°. 

I. 

553 

2 2229 

2 2229 

—2440 

-2 40 

6 33 

2 0983 

2 0984 

—2640 

- 2 52 

713 

1 9631 

I 9638 

- 2780 

“-2 51 

793 

1 8195 

I 8219 

— 2870 

— 2 50 


From these data it is theoretically possible to repeat Haber’s procedure 
and obtain a free energy equation with four constants, representing the 
values of AH 0 , Ar o , AIY and I, and we thus find for AH 0 , 465 2, instead 
of Haber’s - 89 6, for Ar o , —o 246 instead of 1.575, and for AI^ —0.008 
instead of —o on. Now this work of Bodenstein is perhaps the most 
careful investigation of a gaseous equilibrium that is to be found in the 
literature, and the calculation that we have just made shows how impossi¬ 
ble it is to use an> such body of data, obtained over a small temperature 
range, for the calculation of such quantities as Ar o and AFi, since the 
corrections which we made amounted to hardly more than the probable 
experimental error and yet have produced enormous changes in the 
calculated thermal quantities. 

We must, therefore, proceed in this case as in others and obtain our 
chief knowledge of the thermal data from calorimetric measurements. 
We have previously obtained 

C^(HI) = 654-0 0010T 
C 2 H 2 ) = 3 2s +0 00045T 
Cp( l ' 2 h) 3 25 + o 0020T 

Hence, 

AF = o 00 — o 00145T (9) 

Thomsen gives 6000 and Bertlielot 6300 cal. (average 6150) as the 
\alue of All for the formation of HI from solid iodine at room tempera¬ 
ture We have already seen that the heat of sublimation of iodine at 
room temperature is 75 so cal. Hence for our reaction AH 2 ®i — —1400 
and from (9) AH 0 — —1340 cal. Thus, 

y 2 H 2 + vago - in(g), af° = —1340 + o 000725T 2 — 2 4 8T (ior 

where the value of I is the average obtained from the four values of AF 
given in Table III. 

Hence we find AF° 2 98 = —2010 cal. 

The value of AF° 2 9 8 thus calculated is corroborated by the work of 
Stegmuller, 1 who measured the electromotive force of a cell with hydro¬ 
gen and iodine electrodes and hydrogen iodide solution as electrolyte. 
The pressures of H 2 , I 2 and HI were all measured. His results are given 
in Table IV, where the first column shows the centigrade temperature, 
the second the values of AF° obtained from the e. m. f., the third the 
1 Stegmuller, Z Electrochem., 16, 85 (1910) 
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values of AF° calculated from Equation io, and the fourth the values 
of I obtained from Stegmuller's results 

Table IV 


t 

AF° 

AF° calc 

I 

31 6 

—2036 

—2028 

2 5 

55 2 

—2019 

—2073 

~2 3 

Si 6 

—1958 

—2130 

—2 O 


It is evident that some error, perhaps due to the neglect of the liquid 
potential between the HI solution and the HI solution saturated with 
I 2 , has given a false temperature trend to Stegmuller’s results, but his 
value at the lowest temperature is in almost perfect agreement with 
Equation io 

1 /iHi(g) + I(s) = HI (g) —By combining Equations 3 and 10 
we find for this reaction AF° 2 s> 8 = 310 cal and 

AF° = 7110 + 3 35TlnT — o 000275T 2 — 41 845T (r 1) 

Iodide Ion. 

l /ili(aq )+© = /' —The most accurate investigation of this elec 
trode potential to be found in the literature is that of Maitland, 1 who 
obtained for the cell I 2 (aq ),I II N K , E° 29 8 “ —o 34i5\ , E° being 
calculated from the measured value of E by the equation 2 

E - E» 4 - ££ In S") 

E E + p In (Is y A 

Some unpublished measurements made by Dr P V Farragher in this 
laboratory fully corroborate Maitland s experimental work But the 
recent investigations of Lewis upon the ratio of activity to concentra 
tion show that Maitland s result is subject to a small correction In 
stead of attempting to calculate the magnitude of this correction, Farragher 
has studied the same cell at lower concentrations and has found that 
with increasing dilution of L and of 1“ the normal e m f reaches the con¬ 
stant value E 0 .j> 8 = —o 3407 

We have found m the preceding paper 3 N E II H + , H 2 , E 0 298 = —o 2776 
Hence for the cell I 2 (aq ),I~ II H+,II 2 , E °298 = —o 6183 This then is 
the normal potential of an electrode involving dissolved iodine and 
iodide ion From the equation AF = — «EF' f n being in this case —1, 
we find 

7ilj(aq) + © = !“, AF °298 = —14267 (12) 

/($) + © = I" —Combmmg Equations 8 and 12 

AF °298 = —12304 (13) 

1 Maitland Z* Electrocheni 12, 263 (1906) 

* The conventions employed in such electromotive force equations are stated by 
Lewis (This Journal 35, 22 (1913)) see also footnote to the page cited 
3 Lewis and Randall This Journal 36, 1975 (1914) Equation 18 
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Tri-Iodide Ion. 

I" + 2l(s) = Is".—The equilibrium between iodide and tri-iodide is 
one in which some unusually large apparent deviations from the law of 
the perfect solution are evident, even at high dilutions, as shown by Bray 
and MacKay. 1 In the presence of solid iodine the ratio of potassium 
iodide to potassium tri-iodide should be constant, provided that the degree 
of dissociation of the two salts is the same function of the concentra¬ 
tion. As a matter of fact, however, the ratio is not constant even in fairly 
dilute solutions, as shown by Table V (Bray and MacKay), in 

which the first row shows the total concentration of potassium salt, 
and the second the ratio of potassium iodide to potassium tri-iodide 
in solutions in which the activity of the iodine was kept constant by the 
presence of an excess of solid iodine. The measurements were at 25 °. 

Table V 

2A' o 100 o 020 o 010 o 00s o 002 o 001 o o 

KI/KI3 o 99 1 04 1 06 1 08 1 11 1 14 1 16 

Bray and MacKay assume that the degree of dissociation of these two 
salts is the same, and that the activity of the tri-iodide ion is abnormal. 
Making the same assumption here and using the value at infinite blution, 
we find for our reaction, 

AF 0 2 98 = —R'T In (1/1.16) = 88 cal. (14) 

When working, however, with any appreciable concentration of I 3 ~ 
we must, for the present, make use of the empirical tables of Bray and 
MacKay, and of Jakowkin. 2 

3 l(s) + © = —Combining (13) and (14) gives 

AF°298 = —12216. (15) 

Hypoiodous Acid. 

h(aq.) + H 2 0 (l) = I/ + + I~ + HIO{aq.).— The hydrolysis of iodine 
leads to the reversible formation o f hydriodic and hypoiodous acids, the 
latter of which, a very weak acid, is present in the un-ionized state. The 
degree of hydrolysis has been investigated by Bray 3 and by Bray and. 
Connolly 4 through measurements of the conductivity of Solutions of iodine 
in water. They find at 25 0 for the equilibrium constant, 6 
K = (H+)(I-)(HIO)/(I 2 ) = 3 X 10- 13 . 

Hence, 

AF°298 = —R'Tln(3 X io~ 13 ) = 17100 (16) 

1 Bray and MacKay, This Journal, 32, 914 (19m) 

2 Jakowkin, Z phystk Chern ,20, 19 (1896). 

3 Bray, This Journal, 32, 932 (1911) 

4 Bray and Connolly, Ibid , 33, 1485 (1911). 

6 Skrabal, Z. Elektrochem , 17, 665 (1911), by a more indirect method obtained 
a value between 3 and 4 times as great as this. 
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/($) + Vs^s + l /*Ht * HIO(aq .).—Combining Equations 8, 13 and 
16 of this paper with 8 and 53 of the preceding paper, on oxygen and 
hydrogen compounds, gives 

AF °298 * —23300 (17) 

The degree of dissociation of HIO as an acid is extraordinarily small, 
and has not been quantitatively determined. It is therefore impossible 
to calculate the free energy of the hypoiodite ion. 

Iodate Ion. 

In order to determine the free energy of formation of the iodate ion we 
may consider the following subsidiary reactions: 

Maq) + 3H2O + 5AgI0 2 (s) - sAgI(s) + 6H+ + 610 *-. — This re¬ 
action is one which was studied by Sammet, 1 who investigated the equi¬ 
librium at 25 0 in a system comprising a solution of HI 0 3 and I 2 , and 
solid Agl and AgI 0 3 , the concentration of the I 2 being determined by 
shaking out with carbon tetrachloride, that of HI 0 3 by analysis. The 
•equilibrium constant is 

K (l,) ? • 

It is in just such a reaction as this where ions enter only on one side 
of the reaction that we might expect a great variability of K with 
the concentration, if the ion concentrations are calculated from the 
►conductivities by Kohlrausch’s rule. By a curious chance, however, 
-Sammet, using old and unquestionably incorrect conductivity values, ob¬ 
tained degrees of dissociation identical with our calculated corrected de¬ 
grees of dissociation of substances of the type of III 0 3 . Consequently, 
K was found to be a constant, and its average value, in the five cases 
in which the concentration of acid did not exceed 0.1M, was 0.000853. 
Hence, 

AF °298 = 4190 (l8) 

AglO 3 * Ag + + /O3-.—We may employ the solubility product of 
AglOa, which, at 25°, is found to be 3.5 X io~ 8 by Noyes and Kohr; 2 
j.i X io~ 8 by Hill and Simons; 3 and about 3.2 X io~ 8 by Kohlrausch. 4 
The value of 4.5 X 10“ 8 obtained by Sammet is doubtless quite erroneous. 
We may take as the average of the first three, 3.3 X io“ 8 , whence 

AF°29s = 10220 (19) 

Agl + l /Jth =* Ag + H+ + —On account of the extreme dis¬ 

cordance of the values given in the literature for the solubility of silver 
iodide we shall, instead of making use of the free energy of solution of 

1 Sammet, 2 r. physik. Chem., 53, 641 (1905). 

* Noyes and Kohr, Ibid,, 43, 338 (1903). 

1 Hill and Simons, Ibid., 67, 602 (1909). 

4 Kohlrausch, Ibid., 64, iji (isosx 
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Agl, employ the results of Danneel, 1 who studied the reversible reaction 
between hydrogen and silver iodide The temperature of his measure¬ 
ments was variable, ranging from 13 0 to 17 0 Fortunately the equilib¬ 
rium constant of this reaction changes little with the temperature, and 
we may conclude from his measurements that at 25 0 Ag and Agl are m 
equilibrium with hydrogen at 1 atms and HI at o 05 M Taking the 
corrected degree of dissociation at this concentration as o 82, the concen¬ 
tration of H+ and of I" is o 041 M and 

AF°298 — - sR'T In o 041 = 3800 2 (20) 

We have found m Equations 13 and 8 the free energy of iodide ion, 
and of aqueous iodine, and in the preceding paper on oxygen and hydro 
gen compounds the free energy of water, of silver ion, and of hydrogen 
ion, Equations 53, 30, and 8 We may combine all these equations 


as follows 

5AgIO, + 3 Maq ) + 3H a O(/) = sAgl + 6H+ + 6TOr AV 0 2 js -= 4190 

5 A g + + 5 lO*~ = 5 A gI 0 3 , AF °298 = — 5*100 

5AgI + 5/2H2 = 5 A g + 5H+ + 5 1 " AF °298 = 19000 

5l“ + 5 © = 5*(*)» AF °298 - 61520 

61(0 = 3l 2 (aq), AF° 29 8 = 117*0 

3H2 + 3/2 0 2 = 3H 2 0(/), AF °298 = —169860 

JlH+ = I1/2H2 + II © AF°298 = o 

5^g + 5 © = 5 A g + , AF °298 = 92120 

1 ( 0 + 3/202 + 0 = 103 -, AF 0 298 ~ —32350 


The eight equations are added as they stand to give the equation for 
the free energy of the lodatc ion We shall not, however, number uns 
equation as there is another, presumably more accurate, method of de¬ 
termining this free energy which we shall consider presently It is diffi¬ 
cult to estimate the accuracy of the calculation which we have just made 
Each of the individual measurements seems fairly reliable, but there is 
large opportunity for the multiplication and accumulation of errors in 
the whole calculation 

I(s) +jH 2 0(1) + 5 © = 6 H+ + I 0 s“ —A more accurate method of 
determining the free energy of the lodate ion is furnished by the e m f. 
measurements of Sammet, who determined the potential corresponding 
to the above reaction A platinum electrode in contact with o 001M 
HI0 8 and solid iodine, against the normal calomel electrode at 25 0 gave 

1 Danneel Z phystk Chem 33, 439 (1900) 

* By combining this value with the free energy of formation of H + of 1 “ and of 
Ag + we find for the free energy of formation of Agl, F c jm = — 16100 and for the 
solubility of Agl at 2572 X io~*M This is only about 70% of the solubility ob 
tamed by Goodwin and by Thiel from e m f measurements A far more accurate 
value could be readily obtained by a repetition of Danneel’s work at 25 9 
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E * —o 665, exclusive of liquid potentials. The potential of the normal 
calomel electrode we have found in the preceding paper to be —o. 2776. 
The absolute potential, therefore, of the above electrode is —o 943, 
Hence we may obtain the normal potential of this electrode from the 
equation —0.943 = E° 29 8 — (o.o59i5/5)log(H + ) 6 (I0 8 "*). Assumingthe 
degree of dissociation of 0.001 M HI 0 3 to be o 97, the concentration of 
each ion is 0.00097M; 

E°298 = —1.193; AF° m = —5EF' = 137590. (21) 

I(5) + j/zOt + © == 70 s - .—Combining Equation 21 with the value 
we have used above for the free energy of formation of liquid water and 
of hydrogen ion, we find 

AF 0 29 8 = —32270 (22) 

This value is in surprisingly good agreement with the one obtained above. 
The latter calculation is by far the more reliable of the two and can hardly 
be in error by more than 200 calories. 

In concluding we wish to express our obligation to the Rumford Fund 
of the American Academy of Arts and Science for financial aid in this 
investigation. 

Summary. 

We shall not summarize here the various subsidiary calculations used 
in this paper, but merely repeat the final values of the free energy of forma¬ 
tion of the iodine compounds investigated. 


Table VI 


SubatAnce 

AF°»» 

Equation 

Substance 

AF°m 

Equation. 

l(s) 

O 


HI(g) 

310 

II 

It/) 

460 

I 

I- 

—12304 

*3 

IaW 

4640 

4 

ir 

—12216 

15 

Kg) 

16965 

7 

HIO(aq ) 

—23300 1 

17 

I 2 (aq ) 

3926 

8 

ior 

—32270 * 

22 


Berkeley, California. 


[Contribution from the Laboratory of Organic Chemistry of the University 

of Illinois ] 

A SENSITIVE CRITERION OF THE PRECISION AND OF CON¬ 
STANT ERRORS IN THE CONDUCTANCE DATA OF WEAK 
ELECTROLYTES, THE DETERMINATION OF THE MOLAR 
CONDUCTANCE OF ORGANIC ELECTROLYTES AT ZERO 
concentration AND A STUDY OF THE CORREC¬ 
TION FOR THE SPECIFIC CONDUCTANCE OF 
THE CONDUCTIVITY OF WATER. 

By C. G. Derick. 

Received Aufuat 26, 1914. 

L # “Calculated” X 0 as a Criterion of Precision. 

If the ideal mass law for. weak electrolytes is given the form k •* 
(a*/ 1 — a) or k » cX/X©(X* — X), since a » X/Xo, is assumed to hold 
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-exactly in any given case, it is possible to calculate the value of the con¬ 
ductance at zero concentration or infinite dilution from two measure¬ 
ments of its conductance at two different concentrations. If X and X x 
represent the molar conductances of this electrolyte at the concentra¬ 
tions C and Ci, respectively, then k = cX 2 /Xo(X 0 -- X) = CiXi 2 /X 0 (X 0 — h) 
from which X 0 = XXi(cX — CiXi)/(cX 2 — C1X1 2 ). 1 

Since the ideal mass law in the above form can only hold rigorously 
where the nature of the solution no longer changes with change in con¬ 
centration, it is obvious that the mass law in this form is never rigorously 
obeyed. 

Yet there may exist electrolytes which obey it accurately enough so 
that our measurements do not detect any deviations at small concentra¬ 
tions. Fortunately, data are fast being accumulated which show to what 
degree the ideal mass law in the above form is approximated and may be 
used, therefore, to draw valuable conclusions concerning the behavior 
of electrolytes, a«i, for example, the calculation of the molar conductance 
at zero concentrations in the manner just desciibed. The recent accurate 
work of Kendall 2 upon the conductance of acetic acid in aqueous solu¬ 
tion at 25 0 warrants one in believing that this acid very close 1 - approx¬ 
imates the ideal mass law in the above form, and it may be used in the 
calculation of the molar conductance of acetic acid at zero concentration, 
which value will hereafter be called the “calculated” X Q . Table I, that 
follows, gives the results of these calculations for all possible combina¬ 
tions of the dilutions measured by Kendall together with the correspond¬ 
ing values for its molar conductance and ionization constant. 

As stated in the introductory paragraphs to the article, in order to cal¬ 
culate X 0 , as has been done in the table, the mass law in the above form 
is assumed to be approximated to such a degree that experimental errors 
ih the measured values of X and Xi, and C and C\ are not greater than those 
introduced by the difference in * alues lor the ionization constant corre¬ 
sponding to these concentrations, since these values are made identical 
in the calculations. The values given by Kendall for the ionization 
constant corresponding to the different concentrations or dilutions, as 
seen from the table, justify the above assumptions and it is evident that 
small differences in these values do not influence the “calculated” X 0 
appreciably. The concentrations, at which the constant for ideal mass 
law in the above form is most accurately known, may be determined as 
follows: The percentage error introduced into the ionization constant 
by errors in X and X 0 (C is assumed to have a negligible error, 1. e., is a 

1 Kohlrausch and Holbom, "Leitvermdgen der Elektrolyte,” 1898, p 103 

2 J Chem Soc, 101, 1283 (1912); and Meddelandenfran K. Vetenskapiakademiens 
'Nobelinshtut, a, 38 (1913) 
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Table I 

Conductance data 1 


* 


X 


*fl*° X io~* 


13 57 


6 086 


I 845 


27 14 


8 59i 


I 851 


54 28 


12 09 


l 849 


108 56 


16 98 


1 849 


217 1 


23 18 


I 851 


434 2 


33 22 


1 849 


868 4 


46 13 


1 850 


1737 0 


63 60 


1 8 s 4 


3474 0 


87 17 


1 855 


6948 0 


116 8 


1 870 


00 


387 7 




“Calculated” 


“Calculated” 


Calculated 

X 0 

Dilutions 

L 

Dilutions 

X 0 

Dilutions 

~~xT 

12 57 and 27 14 

766 

54 28 and 108 56 

290* 

217 1 and 434 2 

379* 

54 28 

449 

217 1 

402 

868 4 

388 

108 56 

359 

434 2 

391 

1737 r> 

393 

217 1 

416 

868 4 

392 

3474 0 

392 

434 2 

402 

1737 0 

395 

6948 0 

398 

868 4 

395> 

3474 0 

393 

434 2 and 868 4 

394 

1737 0 

399 

6948 0 

399 

1737 0 

398 

3474 0 

396 

108 56 and 217 1 

551* 

3474 0 

394 

6948 0 

400 

434 2 

434* 

6948 0 

400 

27 14-and 54 28 

348 

868 4 

414* 

868 4 and 1737 0 

400* 

108 56 

3li 

1737 0 

408* 

3474 0 

381 

217 1 

389 

3474 0 

401 * 

6948 0 

401 

434 2 

384 

6948 0 

403* 

1737 0 and 3474 0 

390 

868 4 

388 



6948 0 

401 

1737 0 

532 



3474 0 and 6948 0 

409 

3474 0 

391 





6948 0 

458 





constant for the 

given 

case) is easily obtained 

by differentiating the 


logarithmic form of expression k — CX 2 /X 0 (X 0 — X), whence 
dk/k = [(2X0 — X)/(X 0 — X)][dX/X — rfXo/X 0 ]. 

As the solutions become more concentrated, X approaches zero as its 
limit when dk/k » 2 [< 2 X/X — d\ 0 /X 0 ]. On the other hand, as the solution 
becomes more dilute, X approaches X 0 as its limit, when dk/k = «> (dX/X — 
d\ o/X 0 ) Obviously, the ionization constant is least influenced by er¬ 

rors in X and X 0 the greater the concentration, which, however, must 
never be so great that the degree of ionization ceases to be measured hy 
the expression a « X/Xo with the requisite accuracy for the above dis¬ 
cussion. For most weak electrolytes, the value of this upper limit of 
concentration is in the neighborhood of 0.02 N according to recent in¬ 
vestigations. Thus, for Kendall's measurements the value 1.849 X io~* 
1 'Uncorrected for the specific conductance of the conductivity water. 
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may be taken as the ionization constant of acetic acid according to his 
data. The error in this value may be greater or less than that in X or 
Xo accordingly as dX/X and d\,/\> are of the opposite or the same sign, 
respectively. Before the correct weight can be given to this value for 
the ionization constant for acetic acid the amount and the direction of 
the errors in X and X 0 must be ascertained. However, it is sufficiently 
obvious that acetic acid very closely approximates the mass law and that 
a correct value for its ‘‘calculated” X 0 may be found as described. 

It is now necessary to determine which value of “calculated” Xo is 
most free from the errors in X and Xi or which value is most sensitive to 
these errors if the “calculated” Xo is to be used as a criterion of the ac¬ 
curacy of the conductance data. In a similar manner to that in which 
the percentage error in the ionization constant was found, and again as¬ 
suming that the errors in C and Ci are negligible, the percentage error 
in Xo with those in X and Xi may be calculated from the expression: 
dX 0 CiMCiV + CX 2 — 2 CXX,]dX CMCiV + CX 2 —zCiXXi] dX x 
X 0 [CX — QXdlCX 2 — C1X1 2 ] X + [CX — CiXjHCX 2 — CiX, 2 ] Xi 

CMC1K1* + CX 2 —2CXXJ __ CX[CiV + CX 2 — 2QXX1] 

lotting o [cx _ C]Xi ][CX* — C1X1 1 ] * [CX — C1X1][CX*—C,X,*] 

and solving for their numerical values in the following cases, using the 
data given in Table I, the results of Table II are obtained: 

, Table II 


c 

Ci 


kc 

kcx 

0 

b. 

1/54 28 

1/108 56 

1 

849 X io~ 6 

1 849 X io“ 8 

—no 5 

-fin 2 

1/54 *8 

1/434 2 

1 

849 X id“‘ 

I 849 X io“ 8 

“ 33 4 

+ 34 4 

l /54 28 

1/6948 

1 

849 X io -6 

1 870 X id" 8 

“53 

+ 63 

l/l08 56 

1/217 1 

1 

849 X io“ fi 

1 851 X io“ 6 ? 

—151 1? 

+ 151 9 ? 

l/2I7 I 

i /434 2 

1 

851 X id”* 

1 849 X id" 8 

— 71 5 

+ 72 5 

1/434 2 

1/868 4 

1 

849 X io~ 8 

1 850 X id" 8 

— 51 6 

+ 52 7 

1/868 4 

1/1737 0 

1 

850 X 10“* 

1 854 X id" 8 

— 36 0 

4 * 37 3 

From Table II it is 

seen that the error in “calculated” X q 

, for acetic 


acid is never greater than that in X or Xi, depending upon which is most 
in error, as long as dX/X and dXi/Xi have the same sign, since (a) and 
(6) always have opposite signs. This appears to be the case with 
Kendall’s data. As long as this is true the “calculated” Xo may be 
found with the same accuracy whatever combinations of X and Xi 
(C and Ci) are employed, provided the ideal mass law in the above 
with sufficient accuracy. In other words, the 
equally sensitive criterion of the precision of 
the molar conductances under these conditions whatever the values of 
C and Ci. 

If, however, dX/X and dXi/Xi, are opposite in sign, then the error in 
"calculated” Xo is greater the greater the value of C and Ci, since (a) and 


form is approximated 
“calculated” X 0 is an 
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(b) always have opposite signs. Table II shows that for Kendall's data 
on acetic acid, that the “calculated” Xo, found by using concentration 
which are as different as possible, is least affected by errors in X and Xi 
when dX/X and dXi/Xi are opposite in sign. Thus in the series of values 
of “calculated” Xo in which C = 1/54.32 (Table I) is the common 
concentration, when Ci « 1/6948, the “calculated” Xo is 399; while 
the average of all the values of “calculated ”Xo for all possible combina¬ 
tions of concentrations from 1/54.32 to that of 1/6958, excluding those 
marked by the asterisks, is 398 with a mean error of =±=6 for each value. 
It is also dear that “calculated” Xo is a much more sensitive criterion of 
the predsion of the conductance data when C and Ci are as near in value 
as possible if dX/X and d\ 1/X1 are opposite in sign. 

n. "Calculated” X 0 as a Criterion of Constant Errors. 

The mathematical methods for the determination of the predsion of 
experimental results have been very accurately developed and employed 
for conductance data, but such methods are of little value where constant 
errors are present. It is the presence of constant errors in most of the con¬ 
ductance data of weak electrolytes that renders the same useless when 
quantitative condusions are to be drawn. Therefore, more attention 
must be paid to the development of methods for the detection of such 
constant errors in conductance data. 

In the present discussion, fortunatdy, the molar conductance at zero 
concentration for weak electrolytes, like acetic acid, which dosely ap¬ 
proximate the ideal mass law in the above form, may be determined, 
independently of the conductance data for the acid, by the following 
well-known method : 

X 0 RCO*H - XoRCO,Na + X 0 H+ — X 0 Na+ 

The mobilities of the hydrogen and sodium ions are known from con¬ 
ductance and transference measurements upon strong adds and their 
salts. The molar conductances of the sodium or other salts of the weak 
add are extrapolated to zero concentration by one of the well-known 
methods in order to determine their molar conductance at zero concentra¬ 
tion. In this manner, by independent measurements, the molar conduc¬ 
tance at zero concentration of a weak dectrolyte may be determined. 
Such a value $or X 0 will be spoken of as determined by the salt method 
in the following discussion : 

A comparison of the “calculated” Xo for weak dectrolytes like acetic 
add with that obtained for the same add by the salt methld offers a means 
of detecting constant errors in conductance data. This means assumes 
that the conductance data for the salt is fairly accurately known and, 
similarly for the values of the mobilities of the sodium and hydrogen 
ions. It is not necessary that the weak dectrolyte approximate the ideal 
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mass law, in the above form, as accurately as does acetic add in order that 
“calculated” X D may be used to detect constant errors in conductance data, 
as will be shown from the discussions in the following sections. It must 
be pointed out, however, that the conductance at zero concentration 
for most uni-univalent salts of weak electrolytes falls between the limits 
80 and 90 while the mobility of the hydrogen ion at 25 0 for aqueous solu¬ 
tion has been given the limits 338 and 365. 1 Obviously, fairly large er¬ 
rors in the molar conductance at zero concentration for the sodium salt 
will not introduce a correspondingly large error in the Xo value determined 
by the salt method, since the former value is additive in the above equa¬ 
tion to the mobility of hydrogen and sodium ions. Similarly' it is not 
necessary that the mobility of the sodium ion be known with anything 
like the accuracy with which the mobility of the hydrogen ion must be 
known, since the value of the former is 52 compared 338 to 365 for the 
latter at 25°. Unfortunately, the uncertainty is greatest concerning the 
mobility of the hydrogen ion, which should be most accurately known. 

Kendall, in the article referred to above, has recently attempted to 
ascertain the most accurate value for the mobility of the hydrogen iofi* 
at 25 °. His indirect method consisted in the calculation of the ideal 
mass law constant from his measurements of the conductance of cyano- 
acetic, o-nitrobenzoic, 0-chlorobenzoic, etc., acids at concentrations 
where these acids very closely approximated this law. These calcula¬ 
tions were made with varying values for the mobility of the hydrogen 
ion, provided it was always in the neighborhood of 350 and that value 
was chosen for this mobility which gave the most consistant mass law 
constant at the smaller concentrations. His method gave him the value 
347.2, provided the specific conductance of water was not greater than 
0.9 X io~®. No correction was made for such water. 

Table V, with the subsequent discussion, offers convincing proof of the 
correctness of this value for the mobility of the hydrogen ion at 25 0 for 
transition electrolytes in aqueous solution. For, in Kendall's work, 
he must assume the mass law and draw his conclusion from the mass 
law constant, which is in reality reasoning in a circlb; since he had no 
independent measurements to justify his assumption of the mass law 
for his measurements. The calculation of the “calculated” X 0 from the 
conductance data of these acids, as has been done in Table V, while also 
assuming the mass law, gives a value which may be checked by inde¬ 
pendent measurements and thus justify the assumption of the mass law. 
This procedure entirely substantiates the conclusions drawn by Kendall 
as to the mobility of the hydrogen ion at 25 0 for transition electrolytes, 
which is apparently, as the theories demand, the same value as for strong 
electrolytes. 

1 See article by Kendall mentioned above. 
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In the case of weak electrolytes (&<io~ 4 ) Kendall justly states that 
his method for determining the mobility of the hydrogen ion is not sensi¬ 
tive! since large variations in this value do not influence the ionization 
constant to anything like the extent that it does for the transition elec¬ 
trolytes. In fact the water correction, which has a slight influence for 
the transition electrolytes, is of much more importance than slight varia¬ 
tion in the value for the mobility of hydrogen ions upon the ionization 
constants of weak electrolytes, as will be discussed later. However, in 
accordance with theory, Kendall uses the value 347 for the mobility of 
the hydrogen ion in acetic acid at 25°, and calculates what he considers 
the best ionization constant for acetic acid at 25 °, as was seen in Table 
I. In this case the unsatisfactoriness of his method, when applied to 
weak electrolytes for the solution of this problem, becomes very evident, 
since he did not choose the best value for the conductance of acetic add 
at zero concentration, i. e. t the best value for the mobility of the hydrogen 
ion, which gives the best mass law constant for his data. In determining 
the molar conductance at zero concentration for acetic acid, Kendall 
used the value for the mobility of the acetate ions at 25 0 which was de¬ 
termined many years ago by Ostwald 1 and compiled by Bredig, 1 which, 
when expressed in reciprocal ohms, is 40.7. Since the limits for the mo¬ 
bility of the hydrogen ion at 25 0 are 338 and 365, the limits for the molar 
conductance at zero concentration of acetic add at 25 0 are 379 and 406, 
accepting the mobility of the acetate ion as 41. Obviously, that value, 
for Ao for acetic add, which will give the best mass law constant is found 
by assuming the mass law to hold, and solving for X Q from the conductance 
data of the add as was done in Section I. This value for “calculated" 
Ao was found to be 398, which value is well within the above limits. Table 
III gives the values for the ionization constant of acetic acid determined 
by using this “calculated" A 0 value, together with those of Kendall, 
using his data for A and Ao. 

Table III. 

Ionisation constant X 10~*. Ionisation constant X 10 “'. 


Dilutions 

Kendall. 

Author 

Dilutions. 

Kendall. 

Author. 

13 57 

1845 

l 749 

434 2 

1 849 

1.750 

27 14 

1851 

1 752 

868 4 

1 850 

1 750 

54 28 

1849 

1 752 

1737 0 

1 854 

1 750 

108 56 

f 849 

1 749 

3474 0 

1 855 

1 749 

217.1 

1851 

1 750 

6948 0 

I 870 

1 755 


Kendall’s measurements and interpretation give the average value 
for the ionization constant of acetic add at 25 0 as 1.852 X io~* with a 
mefiUi error in edch value of =*=7 X io~ 8 , while the author’s interpreta¬ 
tion gives the average value 1 750 X io~* with the mean error in each 
1 g. physik. Chem a, 45 (1889). 

1 Ibid., 13, 218 (1894) 
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valiie of *^2 X io“*. Id the term (Xo — X) employed in these calcula¬ 
tions, X was rounded off to a whole number, except where the decimal 
was close to 0.5 of a unit, so that the above results for the ionization 
constant are as uniform as possible, since the value for Xo is not known 
to a fraction of a whole unit. This value is practically the same as that 
obtained by Ostwald 1 when his results are expressed in international 
units, using the accepted values for the mobilities of the sodium and hydro¬ 
gen ions at 25 0 (51.2 and 347). Kendall stated that Ostwald obtained 
the value 1.80 X icr B for this constant, but overlooked the fact that 
the values for these mobilities had changed since Ostwald made his calcu¬ 
lations. 

The fact that Kendall’s data for acetic acid give the value 398 for the 
“calculated” Xo while the salt method gives 388 means that some con¬ 
stant error is present in these data, if the mobility of the hydrogen ion 
at 25 0 is 347 for such weak electrolytes. This constant error may be 
due to the fact that no correction was made for the specific conductance 
of the water used in the dilutions (see last section). 

Finally, it is interesting to note that this value for “calculated” Xo 
for acetic acid is much closer to that obtained by the salt method by using 
the mobility of the hydrogen ion as 365 as suggested by Noyes and 
Sammuel.* 

III. Application of the Criterion, “Calculated” Xo to other Data upon 
the Conductance of Acetic Acid. 

In order to test the precision of, and constant errors in, the conductance 
data for acetic acid that follow, the “calculated” X 0 was determined f or 
all possible combinations of concentrations as given in Table IV. 

Table IV. 

Conductance Data. 

Ostwald* 25 °. Jones* 23 Van't Hoff* 19.1 °. 


V. 

X. 

n»* 

b 

X 

V 

V. 

X. k 

5 * X 10 “"®. 

9. 

X. 

8 

4.61 

1.75 

2 

2 089 

I 69 

18.53 

7. no 

16 

6.48 

1.74 

8 

4.342 

1.83 

37.07 

9 970 

32 

9.19 

1.68 

32 

8.699 

1.86 

74.15 

1403 

64 

12.81 

1 73 

128 

17.xi 

1.84 

148.3 

1976 

128 

18.03 

1 -74 

512 

33.24 

1.82 

296.6 

27 53 

256 

25.23 

X -74 

1024 

45 87 

1.81 

593 2 

38.16 

5X2 

34 A 3 

1 63 

2048 

63.00 

1.80 

1186.4 

49 60 

1024 

48.90 

1.74 




2372.8 

71.65 


4745.6 9736 

9491.3 129.7 


1 2 . physik. Chem., 3, 170 (1889). 

* Ibid., 43,49 (1903). 
f iwd., 3,174 (1889). 

4 H. C. Jones, “Electrical Conductivity, etc., of Certain Salts and Organic Adds." 

• Z. physik . Chem., a, 779 (1889). 
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Table IV (cMtomerf) 

Calculated X, 

Oft weld Jones Yen t Hoff 


Solutions 

A* 

Solutions 

A* 


Solutions 

Ao 

8 and 

16 

151 

2 and 8 

— 28 2 

18 

54 and 37 07 

117 


32 

645 

32 

— 82 2 


74 17 

237 


64 

234 

128 

— 348 0 


14 8 3 

382 


128 

1647 

512 

+ 1900 


296 6 

331 


256 

358 

1024 

698 


593 2 

318 


5ii 

216 

2048 

524 


1186 4 

312 


1024 

366 

8 and 32 

—1279 


2372 8 

319 

16 and 

32 

—468 

128 

+ 434 


4745 6 

344 


64 +279 

512 

345 


9491 2 

349 


128 

351 

1024 

329 

37 

07 and 74 15 446' 


256 

412 

2048 

334 


148 3 

582 1 


512 

222 

32 and 128 

434 


296 6 

384' 


1024 

388 

512 

288 


593 2 

344 

32 and 

64 

135 

1024 

292 


1186 4 

328 


128 

236 

2048 

308 


2372 8 

329 


256 

321 

128 and 512 

301 


4745 6 

353 


512 

185 

1024 

301 


9491 2 

363 


1024 

205 

2048 

317 

74 

15 and 148 3 

740' 

64 and 

128 

509 

512 and 1024 

301 


296 6 

369 


236 

539 

2048 

325 


593 2 

333 


512 

211 

1024 and 2048 

344 


1186 4 

322 


1024 

414 




2372 8 

325 

128 and 

256 

562 




4745 6 

350 


512 

183 




9491 2 

361 


1024 

402 



148 3 and 296 6 

269’ 

256 and 

512 

128 




593 2 

289’ 


1024 

373 




1186 4 

298' 

512 and 1024 —695 




372 8 

302’ 


4745 6 340* 

9491 2 355* 

296 6 and 593 2 299* 

1186 4 31; 

2372 8 315 
4745 6 347 
9491 2 361 
593 2 and u 86 4 336 
2372 8 320 
4745 6 355 
949 i 2 359 

1186 4 and 2372 8 281* 

4745 6 334 

9491 2 346 

2372 8 and 4745 6 406* 
9491 2 392* 
4745 6 and 9491 2 384* 

The criterion establishes the fact that the measurements by Ostwald 
and by Jones lack precision and contain constant errors that render them 



WE CONDUCTANCE DATA OF WEAK ELEcTROtVTBS. 


**77 

valueless from a quantitative standpoint when compared to those by 
Kendall. Further, the criterion establishes the second fact that the errors 
in X and Xi are often in opposite directions since the value for “calculated” 
Xo may suddenly jump from —468 to +279 in the case of Ostwald’s meas¬ 
urements, or from —1279 to +434 in the case of those by Tones (see Table 
IV) . 

The fact that the ionization constants calculated from the measure¬ 
ments of Ostwald, as well as from those by Jones, show a much greater 
precision than the corresponding values for “calculated” X 0 must be 
attributed in part to the fact that there is a compensation in the errors 
of X by those of Xo since the previous section shows that 

dk/k - [(2X0 — X)/(Xo — X)][dX/X — dXo/Xo]. 

In other words, the errors in X and Xo must be in the same direction 
so that d\/\ and d\ o /X 0 have the same sign. Further, fairly large differ¬ 
ences in the values for Xo do not greatly influence the value for the mass 
law constant of acetic acid. These facts make it clear that the use of the 
criterion, “calculated” Xo is much more sensitive as a test for the precision 
of, and of constant errors in, the conductance data of weak electrolytes 
than the ionization constant and that its use is indispensible at present, 
if accurate quantitative conductance data of such electrolytes is desired. 

The measurement by van’t Hoff and I*. Th. Reicher give values for 
“calculated” X 0 which fall, as a rule, close to the value determined by 
the sodium salt ihethod. The average value for “calculated” Xo of all 
the calculations from the dilution 37.07 to that of 9491.2, neglecting 
those marked by the asterisks, is 345 with a mean error of ±19 in each 
value. The most probable value for this quantity by the salt method 
is not far from 352 at 19.1 °. 

Finally, the measurements by Kendall (Table I), although they pos¬ 
sess satisfactory precision, contain constant errors, provided the mobility 
of the hydrogen ion at 25° k 347, as maintained by Kendall for acetic 
add, since the “calculated” X 0 is 398 while Kendall chose 388 by the salt 
method. 

IV. Application of the Criterion of “Calculated” X 0 to the Conductance 
Data of Transition Electrolytes. 

In the case of transition electrolytes, Kendall 1 has pointed out for cyano- 
acetic, c-chlorobenzoic, o-nitrobenzoic acids, etc., that fairly consistent 
values for their ionization constants are obtained for solutions sufficiently 
dilute, provided an arbitrary value was chosen for the mobility of the 
hydrogen ion (347) and that the specific conductance for the conductivity 
water was not greater than 0.90 X io~ 8 . In general, it is believed 
that all electrolytes approximate very accurately the mass law in the 
1 See reference above. 
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Tabu) V. 

Cy in pi ctittc acid o-Chlorobwolc acid o-Nitr^mgjc 


«. X. Jkj 8 * X 10~* 

9 

X aJ 6 * X 1 <r» 

t X. kf 

°X icr» 

20 80 96 3 

0398 

150 I 

134 6 O 1293 

32 139 7 

672 

41 60 X27 I 

0389 

300 2 

174 0 0 *286 

64 1790 

6,60 

83 20 164 5 

0 381 

600 4 

218 0 0 1284 

128 2210 

645 

166 4 207 3 

0 375 

1201 0 

262 6 0 1284 

256 265 0 

6 33 

332 8 25a 4 

0372 

2402 0 

302 1 0 1279 

512 3036 

628 

665 6 294 4 

0372 

4804 0 

333 0 0 1286 

1024 333 5 

6 27 

1331 0 329 2 

0372 

9608 0 

353 7 0 1288 

2048 353 6 

6 29 

2662 0 353 2 

0371 

00 

380 2 

4096 365 3 

6 18 

5324 0 368 3 




00 379 2 


00 385 9 






Cyanoocatic acid 

0 Chlorobenzolc acid 

0 Nitrobenzoic acid 

Dilution* 

x. 

Dilutions X© 

Dilutions 

Xo 

20 80 and 41 60 302 2 

150 01 and 3002 251 7 

32 and 64 

356 1 

83 20 350 1 


600 4 348 9 

128 

362 3 

1664 

361 0 


1201 0 340 3 

256 

367 4 

332 8 

3704 


2402 0 357 9 

512 

372 2 

6656 

377 5 


4804 0 368 5 

1024 

375 5 

1331 0 

380 S 


9608 0 374 2 

2048 

377 4 

2662 0 

383 4 

300 2 

and 600 4 379 8 

4096 

378 0 

53240 

384 7 


1201 0 379 5 

64 and 128 

364 2 

41 60 and 83 20 357 4 


2402 0 380 2 

256 

369 3 

166 4 

366 6 


4804 0 380 3 

312 

373 6 

332 8 

374 2 


9608 0 380 4 

1024 

376 3 

6656 

379 8 

600 4 

and 1201 0 380 4 

2048 

377 0 

1331 0 

382 8 


2402 0 379 7 

4096 

378 3 

2662 0 

3842 


4804 0 380 3 

128 and 256 

372 1 

53240 

385 2 


9608 0 380 4 

512 

375 4 

83 20 and 166 4 

372 3 

1201 0 

and 2402 0 379 4 

1024 

377 4 

332 8 

378 1 


48040 3803 

2048 

378 4 

6636 

382 4 


9608 0 380 4 

4096 

378 5 

1331 0 

3842 

2402 0 

and 4804 0 380 8 

256 and 512 

377 3 

2662 0 

3849 


9608 0 380 6 

1024 

378 4 

53240 

385 6 

48040 

and 9608 0 380 5 

2048 

379 0 

166 4 and 332 8 

381 6 



4096 

378 8 

6656 

3846 



512 and 1024 

379 * 

1331 0 

385 4 



2048 

379 3 

2662 0 

385 5 



4096 

379 0 

53240 

385 9 



1024 and 2048 

379 3 

332 8 and 663 8 

3863 



4096 

378 9 

1331 0 

386 0 



2048 and 4096 

378 7 

2662 0 

3858 





53240 

386 1 





665 8 and 1331 0 

385 9 





2662,0 

385 8 





5324 0 

386 1 





133x0 and 96620 

385 8 





53240 

386 1 





2662 0 and 5324 0 

3863 
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form here discussed) if measurements can be made, on solutions sufficiently 
dilute, with the necessary degree of accuracy. It is interesting, there¬ 
fore, to apply the criterion of “calculated” X<> to such electrolytes which 
have been so carefully measured, these results are given in Table V, as cal¬ 
culated from the data given by Kendall. 

Since Kendall finds that, at and below a certain concentration, constant 
values are obtained for the mass law constant, it would be expected that 
a similar behavior would be found in the values for “calculated” X 0 . 
For each add given in Table V, it is seen that the values for “calculated” 
Xo regularly increase to a constant maximum value. This increase in 
value should be steady for increasing dilution or decreasing concentration 
and never fluctuate from greater to lesser to greater, etc., values. If such 
is the case, the criterion, “calculated” X 0 , demonstrates the lack of pre¬ 
cision due to errors in the measurements. The extreme sensitiveness 
of the criterion detects such errors even in the very accurate data of Ken¬ 
dall for o-chlorobenzoic add given in Table V. The application of “cal¬ 
culated” Xo as a test of the precision of the conductance data of transi¬ 
tion electrolytes is, therefore, obvious. 

To detect the presence of constant errors, the average maximum con¬ 
stant value for “calculated” X D must be compared with the value for Xo 
obtained independently by the salt method as shown under Section II. 
If no maximum constant value is obtained in any given case, it is obvious 
that the conductances of more dilute solutions must be measured, but for 
most organic electrolytes it will be unnecessary to measure solutions 
more dilute than 0.0005 N. A graph, obtained by plotting X 0 as ordin¬ 
ates against the dilution as abscissae will often give much information 
concerning what dilutions must be measured in order that constant values 
for “calculated” Xo may be obtained. However, this graphic method 
will not give the correct value for “calculated” X 0 , since a range of dilu¬ 
tion is employed in its calculation. The application of this criterion of 
constant errors to the data of Table V is given in next section. 

V. A Simple and Accurate Method for the Determination of the 

Molar Conductance at Zero Concentration of Organic Electrolytes. 

In Section I it was shown that electrolytes of the strength of acetic 
add obeyed the ideal mass law in the form k = C X 2 / X 0 (X© — X) for all 
concentrations below 0.02 N, within the error of the present measure¬ 
ments. 

In Section II it was shown that the molar conductance of such electro¬ 
lytes at zero concentration could be calculated from any two values of 
its molar conductance at two different concentrations, provided such con¬ 
centrations are bdow 0.02 N, with the same degree of accuracy with which 
this value can be determined by the salt method, and in fact to a much 
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The same facts are true of the conductance Of the salt of the organic 
add at zero concentration as for the cation. Hence in the value for Xo, 
by the salt method, the water correction is of slight importance in com* 
parison to this value when calculated from the conductance of the organic 
add. Further, the question of the application of the water correction 
to salts has been fairly well agreed upon and it is usually applied, so that 
the only uncertainty which surrounds this correction to the X 0 value by 
the salt method is its application to the conductance of the strong acid 
(hydrochloric add), from which the mobility of the hydrogen ion is ob¬ 
tained, where it is of minor influence, however 

The very accurate work of Kendall discussed in this paper shows that 
no water correction should he applied to his data upon transition electrolytes 
if the specific conductance of the water is less than o.g X io since his 
uncorrected data give “calculated*’ Xo values which agree with the values 
obtained by the salt method with an accuracy greater than o i% in the 
dilute solutions. Kendall found that he obtained a better constant for 
the mass law using his uncorrected data and, therefore, chose this data 
as the most accurate, which choice is justified by the application of the 
criterion “calculated** X 0 in this paper. 

To realize what influence the water correction has upon the ionization 
constant and upon the criterion “calculated*’ X 0 the following tables 
have been compiled, using Kendall’s data upon acetic acid discussed in 
Section I of this paper. In Table VI, Column I gives the dilution (y) 
of the measurement, II the corrected specific conductance (L c ), III the 
corresponding uncorrected specific conductance (L*), IV the percentage 
influence of the water correction, V and VI the ionization constants for 
the uncorrected (fcj) and corresponding corrected data (k c a ). Table 
VII gives the “calculated** Xo values for the corrected (Xj) and corre¬ 
sponding uncorrected (X?) data. 

Table VI shows that the uncorrected data for the conductance of acetic 
add give far more satisfactory ionization constants than the corrected 
data and that, even though the water correction is 1.69% of the total 
uncorrected specific conductance, it should be entirely neglected if acetic 
add approximates the mass law within 0.1%. 

Table VH^shows that acetic acid does dosdy approximate the mass 
law and the correction for the specific conductance of the water should 
be neglected entirely for all concentrations for the data measured by Ken¬ 
dall. A comparison of the corrected and uncorrected ionization constants 
of acetic add from Table Vl with the corresponding corrected and uncor¬ 
rected values for “calculated” Xo from Table VII shows how much more 
sensitive the litter values are as a criterion of the predsion of and constant 
errors in the conductance data for weak electrolytes. Numerous other 
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Table VI 


p If X io« 

V*x 10* 

l*HtO 

jkajxio* 


*‘xio> 

13 57 4 476 

4 485 

O 204 

1 845 


I 

839 

27 14 3 156 

3 165 

0 284 

1 851 


X 

839 

54 28 2 218 

2 227 

0 404 

1 849 


1 

833 

108 56 1 

555 

1 564 

0 375 

1 849 


1 

826 

217 1 1 

088 

1 097 

0 820 

1 851 


I 

821 

434 2 0 7561 

0 7651 

1 17 

1 849 


I 

804 

868 4 0 5222 

0 5312 

1 69 

1 850 


I 

784 

1737 0 0 3571 

0 3661(5) 

2 46 

1 854 


I 

754 

3474 0 0 2406 

0 2496 

3 60 

1 855 


I 

706 

6948 0 0 1592 

0 1682 

5 35 

1 870 


I 

639 



Table VII 






Calculated X„ 




Calculated X, 

Dilution senes 

\ u 

\ c 

Dilution series 


\ u 


v and vi 


x o 

v and vi 



*0 

13 57 and 27 14 

766 

443 0 

108 56 and 217 

1 

551 

338 6 

54 28 

449 

341 l 


434 

2 

434 

303 2 

108 56 

359 

319 6 


868 

4 

414 

307 8 

217 1 

416 

326 7 


1737 

0 

408 

306 0 

434 2 

402 

313 8 


3474 

0 

401 

302 2 

868 4 

399 

325 4 


6948 

0 

403 

301 7 

1737 0 

399 

308 0 

217 I 

and 434 

2 

379 

293 6 

3474 0 

396 

304 0 


868 

4 

388 

300 3 

6948 0 

400 

302 8 


1737 

0 

393 

301 7 

27 14 and 54 28 

348 

294 0 


3474 

0 

392 

299 4 

108 56 

311 

296 0 


6948 

0 

398 

300 0 

217 1 

389 

314 1 

434 2 and 868 

4 

394 

304 9 

434 2 

384 

305 5 


1737 

0 

398 

304 0 

868 4 

388 

313 4 


3474 

0 

394 

300 4 

1737 0 

532 

304 6 


6948 

0 

400 

300 3 

3474 0 

39 i 

SOI 7 

868 4 

and 1737 

0 

400 

303 3 

6948 0 

458 

301 3 


3474 

0 

381 

299 2 

54 28 and 108 56 

290 

297 3 


6948 

0 

401 

299 9 

217 1 

402 

320 4 

1737 0 

and 3474 

0 

390 

296 7 

434 2 

391 

306 7 


6948 

0 

401 

299 0 

868 4 

392 

306 4 

3474 0 

and 6948 

0 

409 

300 4 

1737 0 

395 

305 2 

Xo by the salt method 

- 

387 7 

3474 0 

393 

301 9 






6948 0 

399 

301 5 







measurements in this laboratory, which will be published shortly, confirm 
Kendall in neglecting entirely the correction for the specific conductance 
of the conductivity water The advantage of this method m determining 
the question of the application of the water correction is that it is applica¬ 
ble to the given solution of a weak acid under the ordinary conditions 
of measurement and necessitates no other procedure than a simple calcula¬ 
tion. 

UftBAKA, iu» 
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ELECTROLYTIC EHDOSMOSE. 

By Horace O. Byers and Carl H, Walter. 

Received August 26, 1914. 

In 1901, F. J. Parker presented a thesis “In Partial Fulfilment of the 
Requirements for the Doctor's Degree," which has not otherwise found 
publication, in which he details the results of certain experiments with 
a tripartite cell involving electrical endosmose. These results are of a 
character which held a high degree of interest for one of the present writers 
and have led to the present investigation. The experiments here de¬ 
tailed represent the beginning of what we hope may develop into a much 
more extended series which may be of value. We shall, therefore, at¬ 
tempt to present first an historical r6sum6 of the subject with a bibliog¬ 
raphy which, if incomplete, may be extended in subsequent papers. 

Historical. 

Apparently the first observation of electrical endosmose was by Reuss, 1 
who observed the transfer of liquid from one side of a porous clay mem¬ 
brane to the other during the process of electrolysis. Similar observa¬ 
tions were made by Poiret, Becquerel, Armstrong and Daniels with other 
membranes. The first careful study of this transfer of water during 
electrolysis was made by Wiedman 2 and by Quincke.* The general re¬ 
sults of these observations may be summarized as follows: 

When a liquid, separated into two portions by a porous septum, is sub¬ 
jected to electrolysis, the flow of liquid through the septum is proportional 
to the intensity of the current, the specific resistance ©f the liquid and the 
thickness of the membrane, and inversely proportional to the porosity 
of the membrane. The direction of the flow with electrolytes is generally 
with the current, i. e ., toward the cathode, but under certain circum¬ 
stances the flow is contrary to the current. No further contribution 
to the experimental side of the subject appears to have been made until 
1898, when Alfred Coehn 4 showed that during the progress of endosmose 
the liquids and the diaphragm became electrically charged and in differ¬ 
ent liquids with charges of opposite sign. 

In 1900, J. C. Olson 6 accidentally encountered electrical endosmose 
in the preparation of permanganic acid from potassium permanganate 
by electrolysis, using a porous clay cup as a means of separation between 
anode and cathode. In attempting to improve upon his method, F. J. 
Parker 6 , made use of two cups, one containing the anode and the other the 

1 Mem. de la Soc. imp. des Nat. de Moscow, zz, 332 (1808)* 

* Pogg. Ann., 87, 321 (1852). 

* Ibid., Z07, 1 *(1859); zzo, 38 (i860); ZZ3, 513 (1861). 

4 Wied. Ann., 64, 217 (1898); 66, 1191 (1898). 

* Am. Chem. J., 23,431 (1900). 

1 Johns Hopkins Dissertations, 1901. 
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cathode. He says: “Electrical endosmose in these experiments proceeded 
simultaneously in both cups in opposite directions.” 

In 1903-4, Jean Perrin 1 published an exhaustive account of many ex¬ 
periments. In these he used very thick membranes, 10-12 cc., made of 
a large variety of substances. He found, in general, that all membranes 
behaved alike in respect to the charge assumed by it and that, in general, 
the direction of flow of water during electrolysis was with or against the 
current according to the charge assumed by the membrane. Apparently 
this charge was positive or negative according as hydrogen or hydroxyl 
ions were in excess in contact with the membrane. 

In 1902, Reed,* in a paper designed to point out errors in the determina¬ 
tion of migration ratios, called attention to a case of endosmose in which 
the solvent migrated toward neither electrode but apparently away 
from both. Certain experiments with the apparatus designed by him 
are described in this paper. 

Bancroft 8 advances, in a discussion of the work of both Perrin and 
Reed, an explanation of endosmose which is essentially that the direc¬ 
tion of flow is determined by the relative adsorption of the ions of great¬ 
est concentration. 

It will be observed that in the explanations offered by Wiedeman, 
Perrin and Bancroft, note is taken of the electrical charges on the porous 
septa. No explanation is furnished for the transfer of water through 
the septa. It does not appear to have been realized that water may be 
transmitted through septa, under varied conditions, either with or against 
the direction of the current, in both directions at the same time, or away 
from both electrodes In this paper instances of all these kinds are de¬ 
scribed and also an instance where it is apparent that water not only 
migrates with the current but flows more rapidly away from the anode 
than to the cathode. 

Before presenting the experiments, we also desire to call attention 
to the work of Washburn, which itself presents a summary of previous 
work on the hydration of ions. In his paper Washburn 4 demonstrates 
that water is carried with the cathions of hydrogen and the alkali metals 
into the cathode chambei of a migration ratio apparatus specially de¬ 
signed for the investigation. This Washburn takes to be a demonstra¬ 
tion that these ions are hydrated. The work of Washburn was repeated 
in this laboratory and the observations extended to the chlorides of the 
alkaline earth metals. 6 

1 Compt. rend., 137, 513 (1903); J- chim. phy$„ 2, 601 (1904). 

3 Trans. Am. Electrochem. Soc., 2, 238 (1902). 

* Ibid., 2x, 233 (1912)* 

4 This Journal, 3 *» 322 ( 1909 )- 

1 The work has tjot been published"except as a Master's thesis by J. M. McGee. 
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Bartell 1 in an article on negative osmose, describes a series of experi¬ 
ments in which he obtains concentration of solutions by transfer of water 
through clay membranes into the pure solvent. The bearing of these 
papers on the subject of the paper will be pointed out in our conclusions. 
[^Before passing by the literature of the subject, attention may be called 
to the fact that industrial application of endosmose is being attempted 
and the various plans are covered by patents among which are German 
patents 124,509, 128,085, 239,649, and English patents 3,364 and 11,626. 

Experimental. 

In the experiments described below, the apparatus first used was a 
simple tripartite cell, consisting of two battery cups of ordinary type, 
set in a battery jar, and kept about a quarter of an inch apart (Fig. 1). 

In each cup was 
placed a platinum 
electrode 100 X 50 
mm. and an inter¬ 
mittent syphon, so 
that any rise in the 
level of the liquid 
would cause an 
overflow into a 
suitable graduated 
vessel. Before be¬ 
ginning an experi¬ 
ment, the whole 
apparatus was filled 
with the solution 
to be examined and 
when in the course 
of an experiment 
the level of liquid 
in the battery jar 
tended to fall ma¬ 
terially, its level was maintained by addition of the original solution from 
a reservoir through a dropping siphon. In this apparatus nine solutions 
and a total 0$ twenty-two experiments were performed. The results are 
given in Table I. 

Attention is directed to the following points illustrated by the table: 

The first four experiments show the verification of Parker’s work, and 
that both anode" and cathode flow takes place at various dilutions. The 
walls of both cups become more or less dogged with reduction products 
of the permanganate. Similarly, flow in both directions occurs with 
1 This Journal, 36,646 (1914). 


f? 



Fig 1. 
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potassium perchlorate. When sodium chloride is used no anode flow 
takes place at first, and indeed, in one experiment for three hours, while 
at the end of the experiment the anode flow is approximately five drops 
to one at the cathode. It is probable that perchloric add, formed at the 
anode, is the cause of the flow but no attempt was made to determine its 
quantity. 

Copper sulfate shows no tendency toward flow toward either cathode 
or anode, but at the end of fifteen minutes the current automatically 
disconnected itself, due to recession of liquid from both cups. Copper ni¬ 
trate shows lowering of level in the cathode compartment alone. 

Since in all the previous cases the electrolysis caused considerable rise 
of temperature, in the next case (n) the solution of sodium sulfate, hy¬ 
drated, was kept in a cold water bath to prevent decomposition of the hy¬ 
drate. Yet under these circumstances, as well as where the temperature 
was allowed to rise, only slight cathodic flow is to be observed. In Expt. 
13, with a saturated borax solution, within eight minutes, the solutions 
had receded from the anode cup so rapidly as to break the circuit, indi¬ 
cating a flow of about 100 cc., while an increase of only 10 cc. had taken 
place in the cathode cup. This seemed a good case with which to ascer¬ 
tain whether acidity causes anodic, and alkalinity, cathodic flow. Expt. 
14 was conducted exactly as thirteen except that in the anode cup was 
placed a mixture of borax solution and concentrated sulfuric acid. No 
change in the level of the anode cup was observed, though 500 cc. passed 
from the battery jar into the cathode cup. 

Experiments with potassium alum (15, 16, 17, 18) show very interest¬ 
ing variations. In a saturated solution there occurred a very slight 
cathodic flow and then a fall in both cups, though in neither to an extent 
to disconnect the current. The cathode cup became coated on the out¬ 
side with a deposit of aluminium hydroxide and finally showed a static 
charge of sufficient intensity to give sparks when touched above and 
below the liquid surface. This is evidently a marked case of stenolysis. 
With the formation of the hydroxide the resistance rises markedly with 
consequent fall of current. 

With 0.001 N alum solution, the solution fell at first in both cups and 
then began to rise, but while the anode cup slowly overflowed no rise took 
place in the cathode cup for six hours, after which it flowed so rapidly 
that in two and a half hours more the total flow exceeded that of the anode. 
Seventeen and eighteen are attempted duplicates of sixteen. 

In several experiments not included in the table, the acidification of 
the cathode cup With dilute sulfuric acid, stopped the flow, while making 
it alkaline increased it. Acidification of the anode cup had the opposite 
result. 

|n the experiments with ferric chloride, uniform results are secured 



KbBCTROMnttC SNPOSMOSE. 


2289 

and only anodic flow is noted. Yet the flow from the cathode cup is so 
marked that to keep from disconnecting the current solution must be 
contrauallyfadded. In Expt. 19, 220 cc. were added to the cathode 
while only 20 cc. passed into the anode cup. The iron deposited at the 
cathode was apparently pyrophoric. In Expt. 21, with only 90 m. amp. 
current, no flow occurs in either cup. In Expt. 22, while only 45 cc. 
overflow occurs in the anode cup, 280 cc. had to be added to the cathode. 

Manganese chloride and magnesium chloride also show only negative 
flow, and from the cathode cup in excess of that into the anode cup. The 
results due to formation of oxides were variable and no definite figures 
are given. 

In order to study these phenomena more closely, two pieces of apparatus 1 
were prepared as illustrated in Fig. 2. The membranes were made of 



Fig 2. 


ordinary unglazed plates and were ground to a thickness of 2 mm. Each 
compartment was provided with an automatic overflow by tubes held in 
position by rubber tubing. >The whole apparatus was placed in a trough 
through which tap water was continually running. The electrode? 

1 After Reed, Lot. eif. 
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werci either coiled platinum wires or platinum plates inserted in mhber 
stoppers* In running this apparatus the chief difficulty is caused by 
stenolytic deposits in the plates, the removal of which, with assured 
completeness, is nearly impossible. In detailing experiments, the com¬ 
partments are numbered from the anode end. 

One experiment, which could not be duplicated, has special interest. 
The apparatus was filled with a saturated alum solution and electrolysis 
begun with a current of 30 m. amp. and 120 volts. A miniature tidal 
wave moved from compartment one through two until six was reached, 
a small overflow taking place in each. The tide then turned, and start¬ 
ing from six, the wave flowed back, filling each partly emptied compart¬ 
ment, until “one” was again full. The wave then started on the re¬ 
verse path, but the double turn had consumed about ten hours and, 
due to stenolytic deposit, the current had fallen to 5 m. amps, and the 
transfer of liquid was very slow. The experiment was discontinued 
and, when repeated, similar results were not obtained. 

The results obtained with this apparatus verified in general those ob¬ 
tained in the tripartite cell. A careful study was made of the behavior 
of ferric chloride. Overflow took place as indicated in Table II, in four 
series of experiments. In Series 1, 2 and 3, the solution was ferric chloride 
of specific gravity 1 070 and in 4 the same solution diluted ten fold. 


Tablb II. 

Time. 12 3 4 5 6 Current. 

Bxpt. Hours Cc Cc Cc Cc Cc M. a 

1. 7 5 0 i o 6 i 8 15 o o 325 

a. 5 l /« 90 o 04 13 70 o 325 

3. . 7 60 o o o 8 20 o o 325 

4. .. 3 10 o 1 20 15 16 o o 150 


The plate between compartments 5 and 6 showed granular nodules of 
metallic iron on the side toward the anode pole. There was also libera¬ 
tion of chlorine from compartments 5 and 6 as well as from 1. These re¬ 
sults are clearly due to stenolytic decomposition. Considerable color 
change also accompanied the process of electrolysis as is to be expected, 
but apparently no connection exists between the color and iron content. 
No attempt was made to determine the relative quantities of ferrous 
and ferric iron. At the end of each run the contents of each compartment 
were withdrawn and added to the overflow, if any. The iron from com¬ 
partments 5 and 6 was dissolved, except as noted m the table, and also 
added. The total quantity of iron in each compartment liquid was then 
determined, after reduction with stannous chloride, by titration vfith 
permanganate. The results are indicated in Table III, calculated per 
cc. of solution. The value of the original solution in iron is 0.03498 
gram per cc. for 1, 2 and 3 and o 003498 for No. 4. 
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CoM*- . Run L Rna'2, Ran 3. Ras 4 . 

1 . 0.0187488 0.0X6303 O 0169632 0.0024552 

2 . O.O31649 O.O45756 0.0308016 0.0035712 

3 . 0.0316154 0.0310248 0.0319396 0.0036828 

4 . 0.0305226 0.0325314 o 0319396 0.003906 

5 . 0.023591 1 0.0275652 0.0325872 0.0040176 

6 . 0.040979 o 0479322 o 0465372 0.0074772 


A set of readings of galvanometer deflections produced when the in¬ 
strument was connected with wires leading from opposite sides of each of 
the plates was also taken, for experiment marked above, Run i, but aside 
from indicating that the opposite sides of each plate had different poten- 
tialsmt the end of the experiment, no value is to be attached to the same 
and the data obtained are omitted. 

Summary and Conclusions. 

The following facts are illustrated by the foregoing experiments: 

1. Endosmose is capable of producing flow bf^fectrolytes in the direc¬ 
tion of the current, in the opposite direction and in bpth directions at the 
same time. 

2. In certain cases the flow of electrolyte is away from both electrodes 
and also may be more rapid away from one than to the other; in either 
case the content of the middle compartment of a tripartite cell is in¬ 
creased. 

3. In the six-compartment cell the change in volume is not confined 
to the anode and cathode compartments, but varies in the other compart¬ 
ments in an apparently erratic manner. 

4. The quantity of water transported is clearly affected by the dilu¬ 
tion of the electrolyte. 

5. When clay membranes are used, the endosmose is complicated by 
stenolysis. 

Far-reaching conclusions of a theoretical nature are not to be drawn 
from the meager data submitted in this paper and, since there seems to 
be a more or less intimate connection between these observations and 
the questions of molecular and ionic hydration in solution, negative os¬ 
mosis and migration ratios, as well as the question of endosmose itself, 
the work will be continued in the hope that more accurate and valuable 
results may be obtained. 

In the meantime it does not appear clear to the writers how electrical 
charges upon the plates induced by varying degrees of ion adsorption 
or otherwise accounts for the traversal of the plates by water. 

Umivk&bity or Washington. 

Ssattui, Wash. 

1 Iron on electrode not dissolved. 
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THERMOELEMENTS OF PRECISION, ESPECIALLY FOR 
CALORIMETRY. 

By Walto P. Wbits. 

Received September 21, 1914. 

The advantages of the thermoelement for calorimetry and similar 
work of high precision have been briefly stated, and the design and ar¬ 
rangement of the potentiometer and other auxiliary apparatus have been 
described in other papers of this series. 1 The construction and use of the 
thermoelement itself are simple matters, yet variations, apparently slight, 
in design or procedure may make great differences in the labor required 
or the success attained. The present paper aims to treat these details 
more explicitly than has yet been done, as well as to present some new 
material. 

The thermoelement is merely a bundle of suitably connected wires, 
tod the only problems presented by its construction concern, first, the 
quality of the wires, and second, their insulation and protection. 

I, Multiple Elements. 

The simplicity of the thermoelement has this consequence: that it is about 
as easy to have a considerable number of wires with, of course, a corre¬ 
sponding gain in sensitiveness, as to use a single pair. The use of many 
junctions has indeed been the rule in thermoelectric apparatus generally, 
but in thermometric work it has been customary to employ a single couple, 
and the use of more has often been regarded as a matter for special men¬ 
tion.* Convenience evidently dictates exactly the opposite procedure; 
it is the single couple which should not be used without special reason. 
The number of couples which can be installed as easily as one will gener¬ 
ally be from four to twelve, according to circumstances; with thermo- 

1 This Journal, 36, 1839, 1876, 2011 (19x4). 

1 Nomenclature .—The classic division of all thermoelectric apparatus into thermo¬ 
couples and thermopiles is unfortunate. It classes together instruments of widely 
different nature and use, and lays a most inconvenient emphasis on the usually trivial 
distinction which comes from the number of parts. A “thermopile” is still a thermo¬ 
pile, whether it does the work of a dynamo, of a radiometer, or of a thermometer, but it 
must change and become a “thermo couple" whenever a single pair of metals happens to 
be used. What is wanted is, evidently, to have terms each of which applies to the instru¬ 
ments of one kind and applies to all of them. The term “Thermoelectric Thermom¬ 
eter , 11 analogous to “Resistance Thermometer,*' is such a term. Its length, however, 
seems likely to prevent its general adoption; it will scarcely displace the word “thermo¬ 
couple" in cases where the latter is now properly in use. But the general practice of 
using a single pair of metals for thermometric work has brought it about that while 
the word thermopile naturally suggests other than thermometric uses, the term thermo¬ 
element suggests*nothing else. It therefore seems practicable to use “thermoele¬ 
ment," as a familiar, intelligible and convenient synonym for “Thermoelectric Ther¬ 
mometer." “Multiple" and single thermoelements can then be discriminated (when 
necessary) without concealing their essential similarity. 
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elements of from 25 to 100 couples! the very great precision reached is 
obtained at the cost of some, not serious, inconvenience. 

H. Quality of the Wire. 

The thermoelement, in itself, has only two sources of error: defective 
insulation, and inhomogeneity of the wires composing it. Of these, 
inhomogeneity is of course the only one peculiar to the thermoelement. 
Formerly a frequent cause of serious error, and still troublesome at very 
high temperatures, it can easily be rendered harmless in calorimetric 
and similar work. To this end, however, it is of course well that the 
maker, and to some extent the user, of the thermoelement should under¬ 
stand the nature of the effect which inhomogeneity produces. 

1. General Law of the Inhomogeneous Thermoelement .—From the ele¬ 
mentary facts of the thermoelectric circuit, it follows that any thermo¬ 
element may be taken as equivalent to a number of similar but shorter 
ones placed end to end, each measuring the temperature difference be¬ 
tween its own terminals. 1 The most effective of these partial thermo¬ 
elements, that is, the effective portions of the real thermoelement, will 
then be those lying in the steepest tempera¬ 
ture gradients. Thus in Fig. i, if A B C D 
E represents the temperature distribution 
along the thermoelement abode , the re¬ 
sulting electromotive force (that is, the 
reading) will depend mainly on the quality 
of the wire 6c, lying in the gradient B C; 
the portions ab and ce will have only a sec¬ 
ondary effect. If the gradient shifts from B C x * 

to C D the effective thermoelement will be changed; it will be no longer the 
portion be but cd. 

It follows that a thermoelement will be strictly constant if it is either 
perfectly homogeneous, so that its various portions may be indifferently 
substituted for each other, or else is always used with the temperature 
gradients in the same places; and evidently, if both these conditions are 
partly fulfilled neither will need, in practice, to, be fulfilled completely. 
This is emphatically the case with calorimetric thermoelements, where 
the original quality of the wire is often sufficient in itself to give all needed 
precision, and where the gradients are also very steady. 

It also follows that in any thermoelement the quality of the wire not 
in the temperature gradients is of less or no importance. This nearly 
always applies especially to the portions near the junctions,* a point of 
1 The demo nstration occurs in: "The Thermoelement as a Precision Thermom¬ 
eter." Walter P. White, Phys. Ret>., $i t 135-40 (19m), 

* Since there cannot be any considerable temperature gradient near the junction, if 
the junction is to be at the temperature of the medium whose temperature is being 
measured. 
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gnat practical importance which has often been overlooked by 
thermoelements. - * 

2. Inhomogeneity in Particular Cases .—The way in which inhomo- 
gepeity may affect different forms of the thermoelement is easily seen 
from the above, 

(а) Thermoelement Wholly within the Jacket .—The simplest arrange¬ 
ment is where the thermoelement is wholly inside the calorimeter jacket, 
and runs to a second calorimeter. The total temperature gradient is 
then no greater than the temperature change which is to be measured. 
This gradient will always be at about the same place on the thermoelement; 
at the worst it will not shift by more than one-fourth its own length, 

--—£— —.— 1 - “V that is, from ac to bd in Fig. 2. 

O C CL This is evidently equivalent to 

2 * shifting one-fourth of the gradient 

from ab to cd, leaving three-fourths unchanged in be. If we suppose that 
the maximum variation in thermoelectric quality is ioo per million—a high 
value with present methods of construction—and, moreover, that all of it 
exists between a and c, the uncertainty due to the shift of the gradient 
would be one-fourth of o.oooioo, or 0.000025. 

It is worth noting that the absolute value of this error would diminish 
with the interval. A resistance thermometer, for instance, which when 
at its best reads to 0.0001 °, would indicate an interval of 4 0 as accur¬ 
ately as this rather inferior thermoelement, and a larger interval more 
accurately, but for an interval of only o. 1 °, while the precision obtained 
with the resistance thermometer would have fallen to 1 per mille, the ther¬ 
moelement would still be good for 0.025 per mille (or o.0000025°) as far 
as any error due to inhomogeneity is concerned, and would be limited 
practically only by the delicacy of the electrical reading. 

(б) Thermoelement Parity Outside the Jackets. —If the middle of the 
thermoelement is directly exposed to the air of the room, there will be at 
each end of the exposed portion a gradient whose-value will change as the 
room temperature changes. If the wire lying in these two gradients 
differs in quality, any change of room temperature occurring during a 
determination will cause an error. If this error seems likely to be appre¬ 
ciable it can easily be prevented by shielding the exposed (horizontal) 
portion of the thermoelement with an inverted trough of sheet copper, 
which straddlfes it,and dips into the jacket water on each side. With 
such a temperature-controlling shield made of copper 0.8 mm. thipk, 
reaching 36 mm. above the water and 14 mm. wide at the top, the nupd- 
mum variation from the temperature of the water was only 0.04 of the 
difference between water and air. When two such pieces of copper were 
used) one over the other, separated by a little blotting paper, the maximum 
variation on the inner one was below 0.02 of the water-air difference. 
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With this simple arrangement in use, then, the room temperature would 
have to change over 40 0 in order to produce an error of o 0001 °, even with 
the rather inferior thermoelement supposed above. With full exposure 
of the middle of the thermoelement to the open air, however, a change 
of 3 0 in room temperature might produce an appreciable effect in any 
but the most homogeneous thermoelement. Hence such an exposure 
should not be practiced in work of high precision, particularly since the 
prevention of it is so very easy. 

(c) Thermoelement with Ice Bath .—If one end of the thermoelement, in¬ 
stead of being in a second calorimeter, is in an ice bath, there will be in¬ 
troduced a gradient of 20 0 or so, with an error in case the gradient shifts 
which may possibly be o 001 0 but more probably as low as o 0002 °. 
To avoid this error, time must be allowed for equilibrium to set in after 
inserting the thermoelement. After that, changes due to inhomogeneity 
will be very slight and slow, and probably no greater than those which 
may result from small changes in the temperature of different portions of 
the bath itself. But the ice bath is not recommended for calorimetric 
work of the highest precision, and it is one important advantage of the 
methods here presented that they avoid its use. 

(d) Adiabatic and Non-adiabatic Methods. —In adiabatic methods the 
gradient occurs at the outer edge of the jacket. If, therefore, the same 
arrangement is used, sometimes for adiabatic and sometimes for non- 
adiabatic methods, the effective thermoelement is not the same m the 
two cases, and* the results may differ a little. The difference, however, 
is usually quite negligible and is, moreover, easily determined, but the 
possibility of its occurrence should not be whdlly overlooked. 

3. Selection and Testing of Wire. —Commercial copper wire is suffi¬ 
ciently homogeneous for precision thermoelements. Methods have been 
described for arranging inferior constantan wire so as to secure a very satis¬ 
factory resultant homogeneity. 1 These effective but relatively laborious 
methods are no longer necessary. Our study of this earlier wire con¬ 
vinced us sometime ago that the production of satisfactorily homogeneous 
constantan wire was easily possible, as soon as any manufacturer should 
become sufficiently interested to undertake it. The Electrical Alloy 
Company, of Morristown, N. J., at our request, have furnished several 
samples of “specially annealed” wire* which confirm this view. Although 
the 200 meters and more which have been tested contain a few (relatively) 
bad spots, they consist mainly of continuous stretches of wire varying 
less than 0.0007 m thermoelectric power against copper and therefore 

1 “The Constancy of Thermoelements,'’ Walter P. White, Phys. Rev., 23, 470 
(1906); "The Thermoelement as a Precision Thermometer,” hoc. cit, 140-43. 

* Their trade name is "Ideal” but the wire is practically the same as Constantan 
(40% nickel). 
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good enough to make, without any further selection or arrangement, 
thermoelements precise to better than one-ten-thousandth. 1 

It is of course possible that an occasional spool might consist mainly of 
inferior wire. If three samples distributed through a spool are all inferior 
it will probably be best to send for another spool, since the cost of the 
untested wire is a trifle. In general, however, judging by past experience, 
the chances are over 10 to 1 that any particular 30-meter length will con¬ 
tain much good wire, and work now in progress will probably soon render 
the situation still more satisfactory. 8 Meanwhile, the testing of enough 
wire for a very sensitive thermoelement will seldom prove long or laborious. 

4. Sizes of Wire ,—In general, it is desirable that the thermal conduct¬ 
ance of a thermoelement should be small, the electrical conductance large. 
It is easy to show that the ratio of electrical to thermal conductance 
is a maximum when the ratio of the cross sections of the two kinds of 

wire, 1 and 2, equals \ - 1 -, where a is the electrical, #c, the thermal, 
If <r 2 * 2 

conductivity. For copper and constantan this calls for a ratio of about 
21.4 to 1 at 18 0 . A somewhat smaller ratio will do nearly as well, if it is 
desirable for mechanical or other reasons, but it is clear that very ineffi¬ 
cient ratios have often been used. For the constantan, 0.25 mm. diam¬ 
eter (No. 30 B & S) is about the most convenient size in the great majority 
of cases. 

5. Method of Testing .—The essential feature of all methods of testing 
wire thermoelectrically is to heat (or cool) successively various portions 
of the wire, and observe the electromotive force produced. This electro¬ 
motive force at any instant measures the difference in thermoelectric 
power between the two ends of the heated portion. The most obvious 
method is to draw the wire through a warmed bath or tube. In that case 
both gradients are changing at the same time, and the interpretation 
of the observations is usually troublesome and unsatisfactory. The 
method will, however, distinguish readily enough between wire which is 
wholly free from irregularity and that which is not, and has been used in 
making some excellent thermoelements, by rejecting altogether all wire 
which was not clearly excellent. 

It is about as easy, however, to secure more complete information, 

1 Our last spool received shows, as far as tested, 99% of wire varying less than 
0.0002, and considerable wire as good as this has been obtained from other spools. 

1 The difficulty lies in our present ignorance as to the causes of the inhomogeneities 
sometimes found in carefully made constantan wire. Some preliminary work on the 
ptoblem failed t9 give definite results, and thus showed that the problem has sufficient 
difficulty to be probably worth while as a research. At the same time the number 
of factors is so small that a successful solution could be confidently expected, and its 
practical usefulness would be considerable. It is to be hoped that some one will take 
the matter up. 
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often re s u l t ing also in a greater economy in using the wire, by drawing 
the wire out of a heated bath, leaving one end of the heated portion un¬ 
changed during the test. All other parts of the wire, as they are succes¬ 
sively drawn out of the heated region, are then compaied with the un¬ 
changing part, and a complete map of the variations of the whole is thus 
obtained. It is important to be able to handle the wire readily without 
snarling or kinking; this can be done by running it from one drum to an¬ 
other, putting one of the drums in the heated bath. If the wire is insula¬ 
ted, as it usually will be if intended for multiple thermoelements, it is 
more simply and surely tested if in one single piece. The two ends then 
run from the drums to copper leads, which run to a sensitive galvanometer. 
Twisting of these portions as the drums turn is prevented by letting them 
wind (or unwind) about the slender axles of the drums; the small amount 
of wire which is thus coiled to a small radius is thrown away after the 
test. The wire is best brought out of the hot bath along the axle of the 
drum and allowed to make its small coil above in the air, where it can be 
easily attended to. (This is an improvement over previous published 
methods, 1 and was suggested by Mr. L. H. Adams of this laboratory.) 
Two strips of sheet copper wound around the axle, one at the surface of 
the liquid and the other a little higher, will keep the gradient, which will 
be mostly between them, constant as the drum turns. 

The E. M. F. of a copper constantan couple for 8o° temperature differ¬ 
ence is over 3000 microvolts, hence in this test an irregularity of 2 micro¬ 
volts is enough to cause rejection of the wire; the readings must there¬ 
fore be good to a microvolt or better, and the galvanometer must accord¬ 
ingly be arranged for eliminating the effect of parasitic thermal forces. 2 
The galvanometric precision, however, may always be less than is to be 
used in reading the thermoelement after it is made. The parasitic E. 
M. F/s produced by ordinary irregularities of the air temperature and 
of the bath are of course quite negligible, when eighty degrees produce 
only a microvolt or two. The junctions to the two copper leads, how¬ 
ever, must not differ by more than o. 005 °. If other means fail, they can 
easily be kept as near as this by putting them together into a stirred 
bath at room temperature. The equality of temperature can be tested 
by seeing how nearly the galvanometer reads zero before the hot bath is 
heated. 

The hot bath can be conveniently filled with kerosene at 100°. The 
wire, even when wet with kerosene, can be marked with red ink. The 
marks may either indicate the portions to be rejected or may be put at 

1 In "The Thermoelement as a Precision Thermometer/' Loc. cit., p. 142. 

* A reg ul ar feature of thermoelectric work of precision. Described in the first 
paper of this series, Walter P. White, “Thermoelement Installation, Especially for 
Calorimetry/* This Journal, 3 $» ^59 (1914)* 
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regular Intervals of a meter or two, corresponding to a note-book record 
of electromotive force readings. The wire should be supported so that 
no length greater than a foot or so hangs free in the air, for such lengths, % 
swinging in the earth’s magnetic held, cause annoying parasitic currents, 
which delay the observations. Normally the operation is very rapid. 
Wire enough for a 24-couple element can be carefully done by two per¬ 
sons, one to observe, and one to run the wire, in less than an hour. 



Fig. 3.—Apparatus for testing the quality of thermoelement wire. 


Fig. 3 shows one of our wire testers. The drums are both of paste¬ 
board, the axles are wooden dowel rods, the bearings of the inclined axle 
of the drum in the warm bath are corks, clamped to a retort stand. 

6 . Making Up the Thermoelement —After the wire is tested, 2 differ¬ 
ent methods are possible for selecting the portions to go in the thermoele¬ 
ment. The simplest is merely to cut out the bad pieces of wire (or else put 
them where they will do no harm) 1 using the rest without further selec¬ 
tion. The other method is useful whenever a continuous piece of wire 

1 Even a very bad portion of wire will do no harm if it is 5 cm. below the leV*l 
of the bath at either end of the thermoelement. 
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is available with very few bad spots, and long enough to make the whole, 
or at any rate half, of the thermoelement. It permits picking out, with 
certainty, the very best portions of the thermoelement to go in the gradient 
regions. It is accomplished by winding the wire into a ring, of circum¬ 
ference equal to the length of the finished thermoelement, and then shift¬ 
ing the ring, while partly immersed in a warmed bath, until the most 
homogeneous portions of the bundle are found. 

To accomplish this operation effectively requires a little systematizing. Fig. 4 
will give an idea of our present method. The wire is wound on a pasteboard ring, 
on which a scale of centimeters is marked with red pencil. A light metal rod is clamped 
to the ring by means of two clothespins, and turns in a bearing (which is merely twisted 
wire) just at the level of the fluid, thus as the ring is swung up and down, the gradient 



Fig. 4,—-Apparatus for locating the best parts of a thermoelement before the wire 

is cut. 
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near this tod remains fixed, and the variations in the wire at the other gradient are 
directly measured. Two plates of sheet copper or aluminum, a few centimeters wide, 
clamped on with the rod, and projecting a centimeter or two above the liquid surface, 
will make the fixed gradient still more constant. A blast of air directed against the 
wires just above the movable gradient will render that gradient sharper and more 
quickly established after each change. At least two positions of the fixed gradient 
(and therefore of the rod) will be needed to cover the whole circumference. The 
leads should be of the same continuous wire, running to copper galvanometer leads as 
described above for the wire tester. The point where they leave the ring should be 
always either in the air or in the liquid for any one position of the fixed gradient. The 
observations obtained by the method just described are plotted against length, the 
best available portions of the ring are selected for the gradients of the finished thermo¬ 
element, and the wires are then cut accordingly. Before the cuts are made a narrow 
streak is drawn with white paint somewhere across the wires. It is then possible 
afterward, by bringing the white spots on the wires opposite each other, to be sure 
that the wires are in the same relative positions as during the test. 

III. Construction. 

r. Soldering .—In joining up an element, as in testing the wire, it is 
well to arrange systematically for handling, without confusion/ the large 
amount of small wire. Our wires, therefore, after being cut, are clamped 
on light boards a decimeter shorter than the element, and with a width 
of i cm. for each pair of junctions. The clamps are little battens of wood, 
screwed on. Once in place, the wires remain clamped till they are gathered 
together under loosened battens for inclosure in their case. By this pro¬ 
cedure not only is the work made easier and more orderly, but the wire is 
protected from mechanical strains which might impair its original homo¬ 
geneity. 

A compact and smooth joint is of great assistance in the subsequent 
operations. This is promoted if the silk insulation is cemented in place 
by shellac before the wire is cut. Then when the tip of the wire is scraped 
bare in preparation for being soldered, the adjacent silk remains closely 
adherent. The copper end, being smaller and more- flexible, is wound 
around the constantan, and tweezers are used, so as to avoid contact 
with the fingers, which may interfere with the soldering of constantan 
when rosin is used. A very quick and satisfactory way to do the solder¬ 
ing 1 is by dipping, for the shortest possible time, in a bath of rather hot 
solder 8 and then snipping off the tip of the junction, thus getting rid 
of any projecting ends of wire or tails of solder. The exposed portion of 
bare wire should then be very short; not over a millimeter between the end 
and the place where perfect insulation begins. 8 

1 Compare ‘The Thermoelement as a Precision Thermometer/* hoc. cit., p. 14 3 * 

* Rosin is preferably used as a flux, and the rosin is apt, when melted, to loosen 
the end of the silk. Mr. C. W. H. Ellis, of this laboratory, has used a method which 
avoids this trouble. The wire, after dipping in melted rosin/is touched with a hot 
piece of porous fireclay, or other refractory material, which absorbs the excess of rosin, 
leaving just about enough to do the soldering nicely. 

1 This, of course, involves bringing the solder within half a millimeter or less 
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2. Insulation .—With the errors from inhofnogeneity of the thermo¬ 
element made negligible, defective insulation is the only remaining source 
of error. It is also easily avoided. Some resistance thermometers are 
provided with special drying material, but the very sensitive inclosed thermo¬ 
element seems amply protected against water vapor by a paraffin seal 
at the point where the leads leave the case. 1 This has been true of thermo¬ 
elements used for several years in ice baths, and in one instance, where 
liquid water had entered through a small hole in a defective case, the 
thermoelement had recovered its insulation after lying on the shelf a few 
months with the case still on. 

We have never observed any electrical leakage in uninclosed thermo¬ 
elements, though slight leakage is not altogether improbable in damp 
weather if the wires are not well paraffined, just as it might be in any other 
wires similarly situated. 

The junctions, where the silk insulation has been removed for solder¬ 
ing, of course need special treatment. The most obvious way is to in¬ 
sulate by some kind of varnish, 2 and then simply bunch the junctions to¬ 
gether in inclosing. 

An easier and more effective method is to distribute tlic junctions 
along the tube, letting the inner wires come the farthest, so that the whole 
group forms a sort of cone with the junctions all on the outside, next the 
case, which is drawn to a similar cone if glass is used. This method saves 
the labor of reinsulating, is especially free from liability to failure and 
gives a thermoelement tip of minimum size and lag. The increase in re¬ 
quired depth of immersion which it involves is usually not in the least 
detrimental. 8 

of the silk without charring that. This is not difficult, with proper attention to the 
temperature of the solder and the time of immersion. A little preliminary practice is, 
of course, useful. If the solder is too cold the junction comes out rough. If the end of 
the silk insulation does become a little loosened, of course no great harm is done, but 
projecting bits of solder or wire may give considerable trouble. 

1 The thermoelement wires may, without any detriment to the readings, be 
paraffined throughout their length, and our thermoelements always have been so 
treated. This may have contributed toward the immunity from dampness which we 
have observed. At any rate the paraffining seems desirable, in general, for the present, 
as a precautionary measure. It is best done after the wires are fixed in the case. 

* Cellulose acetate is apparently the best varnish yet tried. One sample of this 
save, after staying a few years in a box, exposed to the atmospheric humidity, a strong 
smell of acetic add, and became nearly insoluble in the usual solvent, thus giving 
strong indications of decomposition. But an 8-junction element, insulated with ma¬ 
terial from this same sample, now shows, after two years’ inclosure embedded in 
paraffin, an insulation resistance of over 2000 megohms between the two groups of wires. 

A fairly thick coating of varnish is needed, since the varnish tends to gather in the 
depressions of the surface, leaving the projections (for instance, the outer surface of 
the copper wires, if these are wound round the others) insufficiently protected. 

1 Four mm , per junction for 24 junctions is unnecessarily open, yet it requires 
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In oases where the junctions are too numerous to be distributed satis¬ 
factorily, or wherever any number of junctions are to be imbedded in 
metal, reinsulation is of course necessary. A superior method of rem- 
sulating has recently been introduced by Mr. L. H. Adams, of this labora¬ 
tory, who has kindly allowed me to quote his as yet unpublished 
description of it here: 

***** The junctions are coated with an insulating layer of 
vulcanized rubber by the following procedure: Each junction is dipped 
separately into a fairly thick rubber solution consisting of pure gum 
rubber dissolved in a mixture of benzene and carbon disulfide. After 
standing an hour or so, or until dry, the coating of rubber is vulcanized 
by immersing, for a few seconds only, in a dilute solution of sulfur di¬ 
chloride in carbon disulfide (i to 40). If a thicker coating is desired the 
operation of dipping in the rubber solution and drying may be repeated 
several times before the vulcanization. A final drying for several hours 
at 40 0 or 50 0 completes the operation. The coating thus obtained is 
tough and elastic, and of about the hardness of ordinary sheet rubber. 
Where, for any reason, a much harder coat of rubber is desired, the fol¬ 
lowing method may be substituted: Dip the junctions in a rubber solu¬ 
tion in which sulfur is directly incorporated, dry as above and heat to 
130-150° for an hour or so. 1 The solution is prepared by adding to the 
plain rubber solution an amount of precipitated sulfur equal to about 
20% of the amount of rubber present. 

u Either of these methods gives a tough, coherent and elastic coating 
of high electrical resistance. In fact, the mechanical and electrical proper¬ 
ties even of the softer coating are so satisfactory that the junctions may be 
imbedded in fusible (Wood’s) metal.” 2 

3. Inclosure .—The ends of nearly all thermoelements must be enclosed, 
to allow immersion in baths, etc. A frequent weakness in the case of 
single or auxiliary elements is to have the inclosing tube stop just above 
the surface of the bath. The bending of the wire is greatest at the end 
of the tube, and this bending, and the consequent inhomogeneity intro¬ 
duced into the element, thus come in the temperature gradient, where they 

a less total depth of immersion than is demanded by many of the best calorimetric 
resistance thermometers. Twenty-four junctions have been successfully distributed 
within a.8 cm* though this degree of concentration is nearly always unnecessary and is 
undesirable. The distributing can be done more freely if the copper wires are cut 
a few centimeters longer than the others, otherwise it is necessary to pay attention 
to the order in which the wires are connected. 

1 Care should be taken that this heating does not injure cotton or silk insulation. 

* Indications of the production of copper chloride have been observed, Mr. Adams 
tells me, after treatment with the sulfur chloride. Thorough drying and prompt in- 
closure of the junctions are therefore desirable, and until more experience has bean had, 
the hard rubber! insulation appears safer. 
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do the maximum amount of harm. 1 The rigid inclosure should come 
well beyond the gradient into the region of uniform temperature. The 
middle of the thermoelement may then, in most cases, be left free and 
flexible. (A slightly flexible prolongation of the rigid tube may advan¬ 
tageously be added to diminish the amount of sharp bending.) With 
the sensitive multiple elements needed for calorimeter temperatures a 
complete rigid inclosure will probably be preferred in most cases. 

The three main desiderata of a thermoelement end are: small heat capacity, 
small lag—these are luxuries rather than necessities—and negligible ef¬ 
fect upon the reading due to heat conduction along the element from the 
air above the bath—this is, of course, essential. These three things are 
all dependent on compactness, and it is the combining of compactness 
with effective insulation that causes whatever difficulty there is. This 
difficulty occurs only at the soldered ends, where the original silk insula¬ 
tion has to be removed. 

Three kinds of enclosure have been used, glass tubes, metal tubes, 
and flat metal cases. 

Of these the glass inclosure is the easiest to employ, and gives the great¬ 
est security against danger of leakage, either of electricity or water. It is 
therefore preferable in most cases. It is readily made horn ordinary 


soft tubing, fitting the thermoelement 
rather tight at the ends, and larger at 
the bends, around which the wires 
must be pushed into place. 2 

Ordinarily, both ends of a calori¬ 
metric thermoelement will turn down¬ 
ward, for insertion in some sort of batli, 
so that the whole will have 1: uch the 
form of Fig. 5. This figure shows 
more particularly a glass inclosure, 
which will usually consist ox two re¬ 
shaped tubes. The tubes are conve¬ 
niently held together by a little trough 
of sheet metal, into which they are 
either cemented with sealing wax, or 



Fig. 3.—A glass inclosed thermoelement. 


clamped. The trough may be made to come at any desired part of the 


1 Compare the section on "General Law of the Inhomogeneous Thermoelement/' 
II, 1, above. 


* In metal tubes the bend is made after the wires are in, and have been tested for 
insulation, etc. The junctions, whether rcinsulated or not, are protected from the 
tube by a wrapping of silk cloth. This inclosure becomes more desirable as the junc¬ 
tions become fewer, and the need for strength, greater. 

With the fiat metal case the idea is to diminish the lag by making the tube thin, 
and facilitate insulation by making it wide The uninsulated junctions, staggered to 
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horizontal portion, and may be used to assist in making thermal contact 
with a jacket. 

In every inclosure the lag is diminished if the junctions are imbedded 
in paraffin. A fluid (xylol) was about equally effective. Naphthalin 
gave about half the lag of paraffin, and is therefore generally to be pre¬ 
ferred in cases where a reduction of the lag is at all desirable. Otherwise, 
the paraffin is preferable, on account of its lower melting point and less 
volatility. Some idea of the effectiveness of different methods can be 
gained from Table I. 

Table I.— Thermoelement Constants. 


The length in all cases was 50 em. The copper wires were 0.15 mm. diameter (No. 35). 
Diameter of constantan 


wires. 

0 26 mm. (No. 30) 

0.47 mm. (No. 25) 

0.47 

0.26 

Number of junctions . 

8 

12 

34 

24 

Total resistance. 

Diameter of element 

43 

21 

43 

126 

alone. 

Diameter of glass tube 

2.6 mm. 

4.2 mm 

5 2 mm. 


indosure. 

... 

5.8 ram. 

7.0 mm. 

5 9 . 

Diameter of metal (brass) 

tube inclosure. 

Lag, flat metal case, paraf- 

3.3 mm. 




fin filling. 

0.9 sec. 




Lag, metal tube, paraffin 

fining. 

Lag, glass tube, paraffin 

fiffing. 

Lag, glass tube, naph¬ 

3 sec. 

9 sec. 

12 sec. 


thalin filling. 


5 sec. 

7 sec. 

5 sec- 

Sensitiveness, microvolts 

per millidegree. 

Smallest temperature 

0.3 

0.5 

1.0 

1 0 

actually read. 

Water equivalent, 9 cm. 

0.0003° 

0.0002° 

0 0001° 

0 0001° 

immersion. 

0.8 g. 


1 7 g. 



The required depth of immersion was investigated by putting both 
ends of the element in a stirred bath at room temperature, with one end 
passing through a cup containing ice, just above the water. This method is 
convenient, but exaggerates the effect of conduction, especially for the 
smaller elements. With the thicker 24-junction glass inclosed element 
an immersion of 5.5 cm. (average—the uppermost junction was only 

keep them apart, are cemented in one or two layers on mica strips, which are thrust 
into the previously made and tested end cases; the middle portions of the case, includ¬ 
ing the bends, are then soldered together around the wire. Of the three, this type of 
inclosure is the most troublesome and most liable to leakage of water, but has a lag and 
a required depth of immersion which are very low in proportion to the number of 
junctions. 
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4 cm. under) reduced the effect of heat conduction on the reading to less 
than 1/50,000 of the temperature difference between bath and ice. 

With the 8 junctions in 3.3 mm. brass tube an immersion of 4 cm. 
reduced the effect of the ice to 1/4,000 the temperature difference. 

4. Curvature of the Bend .—The two bends in the thermoelement of Fig. 

5 will often be conveniently located just above the calorimeters, and hence 
in the temperature gradients. The bends must therefore not be so sharp 
as to materially affect the thermoelectric power of the wire by the strains 
produced. Just how sharp they may be without detriment has not been 
determined, and information on this point would be very welcome, but we 
have found no perceptible effect from a curve with a radius of 2.5 cm. in 
No. 30 wire (0.25 mm. diameter), so that this degree of curvature, at any 
rate, may be considered safe. 

5. Terminals .— A precision thermoelement should, by all means, be 
divided into two equal parts, which can be connected in opposition This 
gives a ready check upon temporary or permanent defects or changes in 
the element itself, upon defects of insulation during the construction, and 
upon the presence of parasitic electromotive forces in the leads outside 
the zero adjusting switch at the potentiometer. A convenieM arrange¬ 
ment of terminals for this purpose, applica¬ 
ble also when the two halves are in separate A 
cases, is shown in Fig. 6, When A + and B + B 
are the terminals, with B” and the second 
A“ joined, the two halves A and B are in Fi &- 6.—Diagram of the arrange- 
opposition; the series arrangement has A+ n,ent of thermoelementterminals. 

and B“ as terminals, with B + connected to the first A~. The arrange¬ 
ment lends itself well to the use of leaves of copper as terminals, which 
is probably the scheme best combining simplicity with great freedom from 
thermal forces. 

It is well also to add another terminal so connected that 4 or 8 junc¬ 
tions can be read when desirable. 

In our own work the thermoelement is checked up, by reversal, at the 
beginning and end of each day. The operation, which takes less than a 
minute, gives a guarantee of the integrity of the thermoelement and its 
insulation, and of the auxiliary switches as well. The divided thermo¬ 
element is also an ever ready auxiliary for quickly verifying the condi¬ 
tion of the potentiometer. For this purpose one or more stationary 
or steadily changing temperatures are read with the whole element, and 
also with one-half of it. One reading, plus or minus the difference of the 
two halves, which is also observed, should be twice the other. Any acci¬ 
dental change or deterioration in the potentiometer coils used would al¬ 
most certainly be indicated by a failure of this relation. It does not 
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aeem a very convenient method for a complete calibration of the potentiom¬ 
eter. 

If the thermoelement is to be wholly within the calorimeter jacket, 
or if it is to be protected by the sheet copper shield of Section 2b, in either 
case the terminals are best not mounted directly upon the case. They 
may be situated as in Fig. 5, on the end of a slender tube, which is brazed 
to the sheet metal trough and carries the leads, or they may be at the 
end of a cable, a meter long or more, made by wrapping the leads with 
tape, inclosing with the leads a stout cord, a little shorter, for mechanical 
protection. 

IV. Calibration and Testing. 

A multiple thermoelement can be calibrated easily and with great pre¬ 
cision by comparison with another thermoelement. Of course some ther¬ 
moelement must have first been calibrated by another method, but this 
is a service appropriate to the national standardizing laboratories. 1 

All thermoelement calibration can be left to these laboratories 
wherever that seems desirable, but the secondary calibrations are so easy 
that they may often profitably be done by the individual experimenter. 
The checking, testing, or comparing of thermoelements also involve the 
same principles and precautions as the calibrating. 

J. The Precision of the Calibration .—The calibration of an electrical 
thermometer differs from that of mercury thermometers and many other 
instruments in that the result can be expressed by a simple equation. 
It follows that in measuring temperature intervals the absolute effect 
of incorrect calibration will diminish with the interval; the proportional 
error will be the approximately constant magnitude. And hence, in making 
the calibration, where observations may be made at intervals of 5 0 to 
10 it follows (1) that the errors, in electromotive force measurement 
will be quite negligible; (2) that errors from inhomogeneity and uneven 
bath temperature, which tend to increase with the temperature, though 
they may be noticeable, will still usually be negligible. 

To illustrate: In comparing a thermoelement with a standard, dis- 

1 In a recent paper whose authorship I shared (“The Calibration of Copper-con- 
stantan Thermoelements,” Phys. Rev., 31, 139 (1910)), it was assumed that thermo¬ 
elements would usually need to be calibrated independently by their users, and there¬ 
fore by somf relatively disadvantageous method, and the supposed difficulty of in¬ 
dependent calibration has elsewhere been accounted a very serious objection to the 
thermoelement It now seems that whatever justification these views may once have 
had at any rate exists no longer. The resistance thermometer is unquestionably 
easier to calibrate independently, yet in spite of this fact the majority of the calori¬ 
metric resistance thermometers now^m use in this country were calibrated at the 
Bureau of Standards. There thomimr^eems to be no reason why the thermoele¬ 
ment, which both ttagda transposition and keeps its calibration at least as well 
should not be caU flif Mft at a standardising laboratory. 



2307 


THERMOELEMENTS OF PRECISION. 

4 

crepancies of o. 001 0 at 40 0 might sometimes be observed. It would gen* 
erally be highly erroneous to conclude that the error of such a thermo¬ 
element would ever be 0.001 0 in calorimetric work. The error really in¬ 
dicated would be 25 per million, which is 0.0001 0 for a 4 0 interval, and 
correspondingly less for smaller intervals. If, secondly, the discrepancy 
of o.ooi° should occur during the process of calibration, so that observa¬ 
tions at (say) 30° and 40° failed to correspond, the calibration would be 
out by (in this case) one part m 10,000 through the 10 degree interval 
between 30° and 40°. In most calorimetric determinations, which in¬ 
volve intervals much less than 10 °, the actual error due to the incorrect 
calibration would thus be much less than 0.001 °. 

In nearly every case, however, even if a discrepancy of 0.001 0 should be 
observed, the occurrence of any such discrepancy during calibration 
would be very improbable. For such discrepancies, when not due to ir¬ 
regularities in the bath temperature, are caused by a shift—usually a con¬ 
siderable shift—in the position of the temperature gradients. Observa¬ 
tions, therefore, which are made with an unchanged depth of immersion 
and an unaltered ice bath are likely to be quite free from appreciable 
calibration error. The fact that the consistent series of observations 
may be 0.001 °, or 25 per million, higher or lower than another possible 
set, is of no importance in calibrating for calorimetric work. Discrepan¬ 
cies, then, observed in comparing thermoelements, are of no importance 
unless they approach 0.001 0 in magnitude 1 and unless they also occur 
during constant conditions as to depth of immersion and arrangement 
of the bath. In such a case either the portion of the thermoelement 
used for a gradient, or else the comparing bath, is unsatisfactory. 

What has just been said applies to the comparing of a thermoelement 
with any standard. The comparison against another nearly equal thermo¬ 
element has three special advantages : 

(1) Only one reading, the d'fference between the two thermoelements, 
needs to be made with maximum precision. If the two differ by 1%, 
the actual temperature needs to be read with only about 0.01 the preci¬ 
sion of the differential reading. 

(2) The most precise reading is of a small magnitude, and is therefore 
especially easy to secure, as far as the potentiometer system is con¬ 
cerned. 

(3) The constancy required in the bath temperature is less than in a 
comparison of separate thermometers. 

2. The Bath for Comparing Thermoelements. —The ease and precision 
with which thermoelements can be compared are much more likely to 

1 This is on the assumption that a final precision of 0.1 petUtaflle is desired. For 
a I*® precision a greater tolerance is of course possible. ' 1 
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be pealized with a suitable bath. 1 A simple but efficient bath has .been 
made from a tail vacuum jacketed bottle of one liter capacity. The 
heater is four or five turns of No. 25 silk insulated constantan wire, 90 
coiled that after being fed into the mouth of the bottle it expands and lies 
against the sides. The stirrer with its tube (supported by a retort stand 
damp) is the only other thing required. The tube is long and well cen¬ 
tered in the bottle, with the propdler at the bottom. The shaft is inclined 
slightly in the tube, so as to be near its side at the top, thus giving more 
space for the thermoelements; a partition surrounds the shaft so as to 
prevent the thermoelements from coming into contact with it, which 
might cause a false heating. The tube is wrapped with blotting paper, 
so as to increase the thermal separation between the ascending and de¬ 
scending columns of liquid. (The current should of course be upward 
in this tube.) It appears probable from our experience, and also from 
a consideration of the physical actions involved, that the stirring may 
easily be too vigorous, and that it should never furnish nearly as much 
heat as the heating coil, for that is equivalent to putting a considerable 
part of the coil directly in the tube at the bottom—a thing which no one 
would think of doing. By the use of a few cork pulleys, very easily and 
quickly made, the speed of stirring is made to vary with the temperature 
elevation. 

3. Tests Preliminary to the Calibration .—(From here on the calibra¬ 
tion of one thermoelement against another will be the only case consid¬ 
ered, and 24 couples will be assumed.) 

Two sources of error are to be considered in calibrating: the discrepan¬ 
cies in reading discussed in Section 1, and the effect of differences in the 
lag of the two thermoelements. It is well to determine in advance the 
possible magnitude of these two errors; this may save many unnecessary 
precautions, and will make more certain the value of the results. 

The effect of a difference in lag of course depends on the rate at which 
the bath temperature is changing. It will probably be simplest not to 
determine the lag as such, but to find at once the relation of rate to error. 
If, for instance, a change in bath rate of 20 microvolts per minute (say, 
a change from +5 to —15 per minute) should produce a change of o 2 
microvolt in the differential reading for the same centigrade tempera¬ 
ture, then for any rate under 5 per minute the effect on the differential 
reading would be less than 0.05 microvolt. The rate can easily and 
1 In a previous paper a very simple and satisfactory electrically heated comparing 
bath was described (“The Thermoelement as a Precision Thermometer/’ Loc. cit., P- 
147) whose essential features were extreme symmetry and an upper chamber kept a 
very little hotter than the rest. This>h*th, which was packed in cotton wool, was 
rather slow in settling down to a constant temperature. This made its operation 
rather tedious with elements of large lag, lor whose accurate comparison a nearly 
constant temperature Is desi r a b le. Accordingly, the present bath has been substituted, 
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quickly be made small enough by a little regulation of the bath wt.fag 
current) 1 and should be measured for each determination. 

The discrepancies in thermoelement readings, whether due to inhomo¬ 
geneity or to uneven bath temperature, will vary as the thermoelements 
are moved, and especially as they are moved up and down. It is there¬ 
fore possible to estimate very quickly how great are the discrepancies 
to be expected during the calibration. In making such estimates, it is 
probably safe to consider that the effective level of the calibration bath 
will not vary, as a result of temperature change alone, by more than i 
cm., and the addition of a copper collar around the thermoelement will 
make the gradient still more constant in position. 

If more definite information as to the quality of the thermoelement is desired it 
can be satisfactorily obtained as follows The thermoelement is clamped by the 
middle at such a height that two vacuum-jacketed bottles, full of ice and water, can be 
moved up and down while they surround the vertical ends The gradient at either 
end can thus be shifted up and down without making any other change By clamping 
a trough of sheet metal under the horizontal part of the thermoelement, and piling 
fine ice m this, the gradients can be extended around the bends and along toward the' 
center In one instance the effect of a shift in the ice level was practically complete 
m 3 minutes, m a glass-inclosed twenty-four junction thermoelement, when the gradient 
was moved upward 

4 Conduct oj a Calibration —In comparing thermoelements, the simplest 
way to treat the cold junctions is to put them in an ice bath, and this is 
quite accurate enough for all ordinary purposes The bath should b£ 
adjusted 15 minutes or so before being used, and should not be stirred or 
disturbed during a senes of observations, except that the ice melting at 
the top should be replaced, and the level kept as constant as pos°ible 

With the ice bath m use it is necessary to read only (1) the total elec¬ 
tromotive force of one of the thermoelements and (2) the difference be¬ 
tween their readings, differentially. The total electromotive force read¬ 
ings, made at regular time intervals give the bath rate As soon as this 
has been made small enough, the differential reading is taken This 
reading and the corresponding total electromotive force are the necessary 
data for that temperature. Since the total E. M F. observations need 
be accurate only to 5 microvolts, while the bath rate must usually be 
less than 5 microvolts per minute, observations taken within a minute 
of each other will correspond sufficiently, so that the observing of two 
different electromotive forces presents no difficulty even with very sim¬ 
ple potentiometer arrangements. It will save considerable work in the 
calculations if the data correspond to round numbers of microvolts of 
the total E. M. F. of the thermoelement undergoing calibration. This 

1 A quick and convenient method, also, is to change the heating current so as to 
reverse]]* rather slow rate, and read during the minute or two of nearly constant 
temperature which occurs as the rate pass es through zero. 
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doetnot necessitate bringing the bath within 0.005 0 of the round value; 
it is sufficient to observe within o.i° Of it and apply a correction, or (in¬ 
terpolate between readings on both sides, The ratio of the differential 
reading to the total E. M. F. may usually be taken as constant over 
0.5V 

Jt Getting the Working Table from the Calibration Data .—The E. M. F. 
of most thermoelements between o° and ioo° can be expressed with high 
precision by a cubic equation with temperature as the independent varia¬ 
ble* and still better by an exponential equation, 2 so that there is no diffi¬ 
culty in getting a complete calibration which has all the precision of the 
observations and the standards used. This, however, is in practice 
mainly a question for the standardizing laboratories, since the thermo¬ 
element user will want tables in which E. M. F. is the independent varia¬ 
ble. No advantageous formula has yet been found for making such tables, 
so that the best way to get them is probably to apply small corrections 
to a suitable preexisting table.* The best preexisting table to use will 
generally be one derived for another thermoelement, since the differences 
are then most likely to follow a simple law. 4 

A good method for making the corrections is in detail as follows: It 
has been suggested above that the calibration points be, by an easy in¬ 
terpolation or otherwise, found for round values of the E. M. F. of the 
thermoelement calibrated. The differential readings, added to (or sub¬ 
tracted from) these, give the corresponding values for the standard, 
from which the true temperatures can of course be found. If, now, the 
microvolt readings Ei, E2, . , of the calibrated element, are taken to 

the preexisting table (which may be the table for the standard), tempera- 
1 This value is calculated on the assumption that the two thermoelements differ 
by 1%. If the difference is greater or less than this the safe limits of an assumed 
constant ratio will change about in inverse proportion. 

This nearly linear ratio may be taken advantage of to obtain a method of calibra¬ 
tion in which the ice bath is avoided, and greater certainty thus obtained The cold 
junction is put in a gently stirred bath in a vacuum-jacketed bottle, which is kept 
nearly constant by immersion in a thermostat, or which may be in any bath which 
never differs from it in temperature by more than 0.2 A correction for the slight 
possible temperature variations in the bottle is readily made by using the linear ratio 
of electromotive force to electromotive force difference over the small intervals in* 
volved. The temperature of this bottle is accordingly measured, but with a pre¬ 
cision which peed not be better than 0.003 

* I*. H. Adams, "A Useful Type of Formula for the Interpolation and Representa¬ 
tion of Experimental Results/' J, Wash. Acad. SoL, 3, 469 (1913). 

*IL B. Sosman, ‘‘The Platinum-Rhodium Thermoelement from o® to 1755 V* 
Am. J. Sd„ £4)30,1 (1910); see also U. H. Adams, “Calibration Tables for Copper-Con- 
stantan and Platinum-Platinrhodium Thermoelements/ 1 This Journal, 36, 72 (i 9 * 4 )‘ 
The present method, however, is in detail somewhat different from that of Sosman 
4 Such a table, consistent to 0.00001 has been derived, and will soon be pieced 
at the disposal of the users of thermoelements. 
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tufe readings 0i, 0i,.will be obtained, which are not the true 

temperatures, since the table was not made for the calibrated element; 
but the differences between these and the true temperatures 0i', 0 2 ', ...., 
added to the numbers in the table, will evidently give tabular values 
which are true for the calibrated element. This gives values for the tem¬ 
peratures taken in the calibration. To get values for other temperatures, 
parabolas are derived, giving the differences 0/ — 0i, 0 2 ' — 0 2 , ... , in 

terms of the E. M. F/s, Ei, E 2 ., and from these parabolas other values 

of 0 ' — 0 are obtained. Since these values are derived from a smooth 
curve, any errors in using them will diminish with the interval measured. 
Experience shows that if the original intervals are 10 0 the maximum error 
introduced by assuming the absolute correctness of a parabola will not 
exceed 0.0002 0 in 5 0 , ^llich is a little larger than the probable propor¬ 
tional error due to the calibration, but further experience may very likely 
reduce this limit. If the original observations are at intervals of 5 0 , 
the error in the parabolas is quite negligible. Hence a live-degree inter¬ 
val must, for the present, be considered the best in calibration, unless the 
two thermoelements differ by less than 3 per mille, when a ten-degree 
interval is quite sufficient. 

In calculating thermoelement tables the calculations should be carried 
out to a precision somewhat greater than is to be used in reading the thermo¬ 
element, even if this precision is considerably better than was reached 
in the calibration observations, because the error due to the calibration 
observations will decrease with the interval measured, so that for small 
intervals the needless errors due to insufficient carrying out of the reckon¬ 
ing might be the largest present, unless these are made less than the error 
of reading. 

6 . Working Tables .—With a 24-couple copper-constantan thermoele¬ 
ment it is possible to have a calibration table which though short (and 
therefore easily constructed), vet giv^s a very easy interpolation. This 
possibility arises, first because the ratio of E. M. F. to temperature is nearly 
constant, and second, because the unit of measurement, the microvolt, 
corresponds very closely to a decimal submultiple ’of a degree, namely 
a thousandth. 1 This is illustrated in Tables II and III. Table II is a 
small portion of a table of an actual thermoelement, arranged with * op- 
microvolt intervals, that is, with only 10 steps per degree. Table III 
is the same, written so as to give the n umb er of millidegrees which must 
be added to the number of microvolts in order to give the true tempera¬ 
ture. Here the difference is only about 0.0027°, so that the interpola¬ 
tion is easy. (The ease of interpolation can also be readily secured in 
using Table II, but is more apparent in Table III.) 

1 The possibility, therefore, may occur with the resistance thermometer, since 
this may be made to have the same two properties. 
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Tasui n. Tabia IIL Tabia II, Tabus III. 


Microvolts. 

DfgTMS. 

MilUdcfrees 

mines 

microvolts. 

Diff. 

Microvolts. 

Degress. 

Mill! degrees 
mtatts 

microvolts. 

Diff. 

8000 

8.29720 

297.3 

2.78 

8500 

8.8x082 

310.82 

2.65 

100 

8.39998 

*9998 

3.73 

600 

8.91347 

31347 

2.62 

200 

8.30271 

303.71 

3.73 

700 

9.01609 

316.09 

2.6l 

300 

8.60344 

385.44 

2.70 

800 

9.1x870 

318.70 

2.59 

400 

8.70814 

308.14 

2.68 

900 

9 22129 

321.39 

2.37 

8300 

8.8x082 

3X0.82 


9000 

933386 

323.86 



7. Measurement of Intervals .—The ease and decision of the whole sys¬ 
tem of calorimetric measurements described in the present series of papers 
depend, to a considerable extent, on the fact that changes of tempera¬ 
ture, not temperatures, are the subjects of the more accurate observa¬ 
tions. The cold junction temperature, therefore, if constant, need not 
be known with high precision, for it is added both to the initial and to the 
final reading of the calorimeter thermoelement, and its errors disappear 
in the resulting subtraction. 1 The ratio of microvolts to degrees, how¬ 
ever, in copper-constantan, changes about 0.002 per degree, hence on 
this account the cold junction temperature must be known to 0.05 0 
for a precision of 0.0001, and correspondingly for other degrees of pre¬ 
cision. This requirement is easily met—by means of a moderately good 
mercury thermometer, for instance. If the -cold junction temperature 
is measured in degrees, it must, of course, be reduced to microvolts before 
being added to the thermoelement readings. This reduction needs to 
be correct only to 50 microvolts or so. 

Summary. 

. Inhomogeneity, once a serious foe to precision in thermoelements, 
and still often supposed to be such, can, without difficulty, be rendered 
practically negligible in copper-constantan thermoelements used for any 
precision up to 50 parts per million. Such thermoelements, accordingly, 
may, except for imperfect insulation, easily preventable, be free from all 
appreciable errors other than those (such as incomplete depth of immer¬ 
sion) which are possible with all thermometers. To attain this freedom 
from error the wire used must be tested, and the essential though easily 
satisfied requirements peculiar to a thermoelectric system must be ob¬ 
served. These this paper attempts to consider in detail, and it also de¬ 
scribes dimple but important details regarding the operations of construc¬ 
tion, insulation, inclosure, calibration, etc., of the thermoelements. 

1 One feature of the system is a provision for eliminating the effect of change in tbfe 
pold junction temperature; this is treated in a subsequent paper. 
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Coastantan wire for thermoelements has been so far improved that 
continuous lengths are frequently obtainable which vary (in electromo¬ 
tive force against copper) less than 0.0002, making sensitive thermoele¬ 
ments with errors usually less than 20 per million. 

The testing of wire enough for a thermoelement of maximum sensitive¬ 
ness takes but an hour or two, with simple apparatus. 

On account of the ease with which thermoelements can be constructed, 
the more sensitive combination of several couples is generally preferable 
to a single couple, even for cruder measurements. 

GEOFHYMCAL LABORATORY, 

Carnegie Institution of Washington. 

Washington, D C 

EASY CALORIMETRIC METHODS OF HIGH PRECISION. 

By Walter P White 
Received September 23, 1914 

In calorimetry by the “Method of Mixtures” a precision of 1 per mille 
appears to be generally counted excellent. It scarcely deserves, how¬ 
ever, to be considered high at the present time. Calorimetric precision 
depends more on the adequacy of the apparatus than on -my special skill 
exercised by the observer, and it has been found that appropriate appa¬ 
ratus and methods are easily attainable which will yield a precision ap¬ 
proaching o 1 per mille with little more labor than is needed to get 1 per 
mille with some customary arrangements. 1 It is true that 1 per mille 
appears in most cases to be quite sufficient. Errors in associated tem¬ 
peratures or defects in chemical purity are often such that a higher calori¬ 
metric precision would be of comparatively little value. Nevertheless, 
there are cases where a higher precision is desired, and these will doubt¬ 
less increase with the general progress of science; often, too, the associated 
measurements or the chemical purity attained have probably really been 
governed by the limitations uf the calorimeter, and would readily be im¬ 
proved if greater calorimetric precision should appear less difficult 
to get; finally, there are many determinations where, though high 
relative precision may not be desired, yet high absolute precision is 
necessary on account of an unavoidable small temperature interval (in 
measuring heats of dilution, for instance). A relative precision of from i 
too. 1 per mille, and an absolute precision of from o 001 0 to o 0001 0 
are therefore of interest, and these are in view in the present paper. 

Precision in calorimetry depends first upon the temperature measure¬ 
ment, and second upon the determination of the heat which escapes and 
is determined indirectly. The control of the heat losses has been made 
not only sufficient for the highest precision but convenient, owing mainly 

1 One-fiftieth per ™iii* has been reached, under specially favorable conditions. 
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to the introduction of convenient and simple arrangements for complete 
incloenre of the calorimeter by the jacket. With tins complete inclossve 
given, the other essentials of effective control, namely, accurate measure¬ 
ment of the jacket temperature and control of evaporation and heat of 
stirring, are easily added. In the temperature measurement electric 
thermometers give high precision, but their relative convenience is not so 
evident. This convenience, however, has been increased in the case 
of the resistance thermometer by the work of recent years, and especially 
by the improvements of Dickinson and Mueller, who have produced in¬ 
struments convenient enough for commercial work, and also capable of 
more than commercial precision under proper conditions. , 

The differential thermoelement is inherently free from the most serious 
sources of error affecting the resistance thermometer, and hence affords 
methods which, on account of the extraordinarily few precautions needed 
in them, are highly convenient as well as certain. The electrical arrange¬ 
ments and their advantages have been described in detail in previous 
papers of the present series. 1 Some of these advantages are obtained at 
the expense of a slight complication on the calorimetric side. The present 
paper deals with various arrangements by which this disadvantage can 
be minimized. 

The complication is the addition of a second calorimeter, the comparison 
or “cold” calorimeter, in place of the more familiar ice bath around the 
“cold” end of the thermoelement. The advantages thereby secured are, 
first, avoiding the ice bath and its small errors, and second, gaining the 
power to make the measured temperature difference as small as the change 
in the working calorimeter, and hence securing a precision which, up to 
a certain point, becomes greater as the measurement becomes more deli¬ 
cate, and thus tends to increase in proportion to the need for it. The 
exact temperatures of the two calorimeters are of no importance. The 
changes in the temperature of the added, or comparison, calorimeter are 
determined along with those unavoidable in the working calorimeter, and 
therefore add practically nothing either to the error or to the number of 
observations required. 

One method of this sort has already been employed,* especially in Ger* 
many, with the second calorimeter an exact duplicate of the first. The 
differences, Jiowever, between that earlier method and those here described 
are rather important. First, the thermoelements and the auxiliary ap- 

1 "Thermoelement Installation, Especially foi Calorimetry," This Journal, 3^» 
1856 (1914); "Potentiometers for Thermoelectric Work, Especially in Calorimetry," 
find., 36, 1868;, "Leakage Prevention by Shielding, Especially in Potentiometer Sys¬ 
tems, M Ibid., 36, 2011; "Thermoelements of Precision," Ibid , 36, 2292. 

* H. von Steinwehr, Z. physik . Chem. t 38, 185 (1901); H. Hausrath, Ann. Phyrik* 
9 , 322 (1902); G. Rflmelin, Diss. GdU., 1905; Z. Physik . Chem 58, 449 (1907)** 
Magnus, Ann. Physik, 31,597 (19x0); Z. Instrumentukunde , 32, 127 (19x2) 
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paratus of the German investigators were less developed; and therefore, 
while admirably adapted to their object, the securing of great delicacy 
with a very simple installation, they were not very flexible nor favorable 
to high relative precision. Second, the German investigators attached 
far greater importance to the strictly calorimetric advantages of the twin 
calorimeters—that is, to the partial compensation of heat losses which re¬ 
sulted from the similarity of the two. In the present methods a still 
better control of heat losses had already been attained by thorough jacket¬ 
ing; the second calorimeter thus became of value solely as an aid in tem¬ 
perature measurement, and arrangements more accurate and much more 
convenient than the twin became possible. 

The validity of our methods of treating the second or “cold" calorim¬ 
eter can perhaps be most directly shown by means of the very simple 
mathematical analysis of the thermal actions involved, which at the out¬ 
set convinced us of the relative inferiority of the twin arrangement. This 
analysis is the more worth while since the notion is very plausible, and is 
probably widely held, that similarity in a pair of calorimeters, by provid¬ 
ing an automatic compensation of certain thermal actions, is able to re¬ 
move serious sources of error. 

1. Thermal Relations of the Calorimeters. 

Consider two calorimeters, or other bodies, the active one a, and the 
blank, or comparison body b. Let 

0„, be their temperatures. 

C at C b the temperature of the chamber (jacket) in which each is; 

K a , K b their cooling factors, as dependent on the chamber, that is, as de¬ 
fined by (e. g.), 

dQ a /dt * ( C a — 

k a , k b their cooling factors toward each other, defined by (e. g.), 
d<djd* = ( 9 b - Qjk a 

w a > ti/6 temperature change due to evaporation and stirring. 

d/dt (0 C — Q b ) is then the rate of change of the differential temperature, 
that is, of the temperature which is observed with'the highest precision 
and which, when corrected, gives the calorimetric interval. 

Then, in the most general case, considering only the heat passing to or 
from the environment, 

d/dt (e a -e 4 ) - K c (c a —e a )—K b (c b —e b ) + 

k.(e h - e a ) + Jfe»(e»—e a ) + w a —w t . (0 

If the bodies are in the same jacket, this becomes 

d/dt(e a - 0 4 ) - Ko ( C -e a )-K b (c-Q h ) + 

(K + h) (e*—e a > + «y —v>>, 0) 

which may also be written: 
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rf/cB (e«—©^) « (tf*+**+**)<e*~ej + 

(K.-~K h ){C-e b ) + w.-w*. (3) 

If the calorimeters can be treated as equal the last two terms vanish, 
and we have the very simple expression: 

d/dt (o a —e b ) = (K + 2 k)(e b -e a ) 4) 

Equations i, 3 and 4 are, of course, the formulae for finding the cooling 
corrections under the different conditions described. 

2. The Twin Calorimeter Method. 

From these equations the limitations of the twin calorimeter methods 
are easily seen. Equation 4, to be sure, is exceedingly simple, and the 
external temperature does not appear in it at all, so that complete inde¬ 
pendence of the environment and its changes appears to have been gained. 
But Equation 4 applies only to the ideal case of the twin method, the 
case where the calorimeters are identical twins in a perfectly uniform 
environment. In practise, there will be differences in the cooling rates 
K a and K b , and irregularities in the exterior temperature distribution, 
so that (3) or even (1) will be the correct equation. But these equa¬ 
tions are not practically usable, and yet a neglect of the extra terms 
they contain can easily be shown to involve a danger of error. For in¬ 
stance, if K a and K b differ by only 5%, and external temperatures are so 
uniform that (3) holds, then C — 6 b , the temperature difference of jacket 
and cold calorimeter, must ordinarily be and remain less than the change 
in the working calorimeter, in order that (4) may be used without an error 
of 1 per mille, and less than o. 1 of that change for a precision of o, 1 per 
mille. 

There are three methods of diminishing this difficulty, but, even so, 
the twin arrangement remains less advantageous than that described 
below. These three methods are: 

(1) By a very careful adjustment of the equality of the calorimeters 
and of the uniformity of their immediate environment. This is, in gen¬ 
eral, decidedly troublesome. 

(2) By running 41 “fore” and an “after” cooling period, as in the 

Pfaundler ^With single calorimeters. The errors from the extra 

terms iq to are then considerably diminished, as can easily be 

shown* n Jfais requires 3 observation periods, and is thus more laborious 
thaq othef methods given later (which require but 2) besides being 
le$4 accurate. 1 

(3 1 ) By using a completely-inclosing jacket, so that the total effective 
t m mp fct ure around the calorimeters can be definitely known, and then 
advantage of this knowledge to make C — 0*, the jacket-cold- 

■» is, however, more accurate than the same three-period method with a single 
odarimeter. 
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calorimeter temperature difference of Equation 3, negligibly small, so that 
the term containing it vanishes and Equation 4 practically applies. 1 Since 
approximate temperature adjustments are easily made, and since a very 
rough approximation to equality between the two cooling rates, K % and 

is now sufficient, this method is not laborious. The working calorim¬ 
eter alone, however, is now quite as effective as the twin arrangement, 
since (1) the jacket-calorimeter temperature difference, which must be 
measured to get the cooling correction of the single calorimeter, is numer¬ 
ically almost the same as the temperature difference between the two 
calorimeters, which plays a corresponding part in work with them, and 
(2) the effect of irregularities in the jacket temperature is similar and 
rather larger with the twin arrangement. 2 

The duplicate calorimeter, then, is as a rule of no advantage thermally 

1 The German investigators who have worked with the twin calorimeters have, in 
general, used the first two of these methods, and also got some of the benefits of the 
third by initially adjusting to equality the four temperatures of the room, of the (in¬ 
complete) jacket, and of the two calorimeters. Their methods were thus effective but 
laborious, and need not be further treated here. Two special features of their pro¬ 
cedure, however, appear to deserve comment, since they have to do with principles 
of general application in calorimetry. 

One of these features occurs in A. Magnus’ very interesting and ingenious installa¬ 
tion ( Loc . cit.). Magnus used calorimeters holding 60 liters, and did so for the purpose 
of diminishing the cooling correction. If his intention was to increase also the quantity 
of heat measured, keeping the temperature interval the same, the procedure was 
correct. In comparison with calorimeters of one twenty-seventh the size, or 2.2 liters, 
the heat losses would be only one-third as great, since the surface, though nine times as 
great, is smaller in proportion to the amount of heat measured. If, however, the 
intention was to measure the same amount of heat with the larger calorimeters, the 
ninefold surface would mean a ninefold increase in the effect of irregularities and un¬ 
certainties in the external temperature, to which in most installations (including, 
probably, that of Magnus) nearly all the heat loss errors are due. In such a case, 
then, these errors not only fail to be decreased, but are largely increased by the use of 
such Gargantuan calorimeters. 

Another notable feature of some previous work is the use of insulating layers, as 
of cork, between the twin calorimeters. As to that, all methods based on (3) or (4) „ 
have one advantage which deserves mention. The direct heat flow from one calorim¬ 
eter to the other (terms containing small k a and kb) does not complicate the case at 
all not even if K a and Kb are unequal, as is evident from (3) and (4). To bring the 
jacket in between, so as to prevent a direct heat flow, is a superfluous complication; 
lo put between any heat insulating material (as has often been done) is an unmitigated 
disadvantage, since any such layer will have a lagging temperature, and its insertion 
therefore means the introduction of a real error in order to avoid a purely imaginary 
one. 

* The jacket temperature is more changeable than that of the cold calorimeter, 
«nd hence might need to be measured more frequently,' but this fact is of no practical 
importance in most cases, especially since the working calorimeter temperature is 
usually more changeable than that of the jacket, so that it governs the number of 
observations needed. 
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when a complete jacket is used, and is comparatively unsatisfactory 
whenever a complete jacket is not used. Its veal advantage, therefore 
is not calorimetric but thermometric; its usefulness lies almost entirely 
in securing the simplicity and the high precision of the differential thermo* 
electric measurement. 

3. The Compensated Cold Calorimeter. 

Two features distinguish our present method, the “Compensated 
Calorimeter Method.” First, the second calorimeter is simply a vacuum- 
jacketed vessel, whose cooling factor (lag constant) is from one-fifth to 
one-tenth as great as that of most duplicate calorimeters would be. 
Thereby all adjustments of the temperature of the second calorimeter, 
or of the amount of water in it, as well as all temperature measurements 
or distributions affecting it, need but one-fifth, or less, of the precision 
needed in a twin installation. Indeed, as we shall see presently, the use of 
such a vessel as cold calorimeter reduces to one-fifth, or less, the precision 
needed in adjustments affecting the cooling constant of the working 
calorimeter also. This arrangement, considering the heat losses alone, 
is still not quite so good as a properly jacketed single calorimeter, but its 
errors are a little less, and its convenience much greater, than with the 
twin method. 

The second feature is a specially arranged thermoelement combina¬ 
tion, used for the cooling correction determination, and made necessary 
by the fact that Equation 4 does not apply unless the cooling corrections 
of the two calorimeters are equal. The combination consists of two 
auxiliary thermoelements, each running from the jacket to one of the calorim¬ 
eters. These thermoelements are connected in series, so that their com¬ 
bined E. M. F. is obtained by a single reading. One of the thermoelements 
is compensated for the difference in the cooling constants of the calorim¬ 
eters, that is, it is adjusted so that its sensitiveness is to that of the 
other thermoelement in the same ratio as the cooling constants of the re¬ 
spective calorimeters. Each reading will then be proportional to the tem¬ 
perature rate of its particular calorimeter, and the combined reading to 
the resultant change in both. For instance, one of our comparison calorim¬ 
eters has a cooling factor which is one-sixth that of the working calorim¬ 
eter, and ifcg auxiliary thermoelement is accordingly made one-sixth 
as sensitive as that of the other. A given electromotive force in this 
auxiliary, therefore, accompanies six times as large a temperature inter¬ 
val as with the working calorimeter auxiliary. But this six-fold tem¬ 
perature difference, acting upon the six times smaller cooling factor, pro¬ 
duces the same rate of temperature change, and therefore the same magni¬ 
tude of effect Oh the main differential thermoelement, as would accorn- 
g$fay the saibe 1 t®*Ctromotive force in the working calorimeter auxiliary- 
The change in the main thermoelement will therefore be proportional 
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to the reading of the combined auxiliary elements, whatever their indi- 
vidual electromotive forces may be, and hence that combined reading 
may be used like 0* — 0„ in the second member of Equation 3 or 4, giv¬ 
ing a cooling correction formula as simple as that of the twin arrangement* 
or as that of a completely jacketed single calorimeter. 1 

Of course this compensated arrangement demands a complete and 
uniform jacket. But since such a jacket is easy to make (see Fig. 3 
in Section 96), saves many uncertainties and precautions, and is neces¬ 
sary for very high precision with other methods, this requirement cannot 
be considered a real drawback. 

The lower sensitiveness of the auxiliary thermoelement of the cold 
calorimeter is obtained, in part, by using fewer couples, but also, as a rule, 
by the use of a shunt. By providing several interchangeable shunts, 
several working calorimeters can be used with the same cold calorimeter 
and auxiliary thermoelement. The adjustment of the shunt demands a 
determination of K a and K b (the two cooling rates) at the time the calorim¬ 
eters are first put in commission. A very approximate determination 
suffices, however. This is because K at the cooling factor of the working 
calorimeter, will seldom be strictly constant, hence there i* no advantage 
in maintaining or measuring K b with great precision; instead, the tempera¬ 
ture difference C — G b of Equation 3 is kept small, as suggested above 
(Section 2), in order to make negligible the term containing C — 0*. For 
the same reason, the shunt need not be very constant; a copper shunt, 


1 The equation foi this arrangement, corresponding to Equation 3, is obtained as 
follows' 

Let n be the ratio of the two cooling rates Ka and K b . Then the reading of the 

Q b — C 

cold calorimeter auxiliary will be made proportionate to -. Since Equation 

w 

2, omitting the small k’s, may be written: 

d/dt (0a — 0b) - Kn (0« — C) -- n K b 
we may have instead of (3): 


0b- 


+ w a — w b 


d/dt (0a — 0b) “ JSTa ^0<* — C ft ' ^ 


+ {Ka - nKt) —-- + V, - 


• til. 


.(« 


0b- C \ 
n ' 

+ ( 5 ? — X ») ( 0,-0 +«.— 


Wb 


( 3 «) 

where (O a — C— ( 0 b — Q/n) is the combination auxiliary reading, and K*/n~~Kb, 
like K a — Kb of (3), is the difference of two nearly equal quantities. In this, the 
error term, here, K a appears divided by n—that is, every error due to variation in the 
cooling rate of the working calorimeter is diminished by reducing the cooling rate of the 
other. 
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which may possibly vary nearly 5% as a result el temperature changes, 
is admissible, though a shunt mainly of manganin, constructed so as to 
be thermoelectrically neutral, is usually more convenient. The tempera¬ 
ture difference of jacket and cold calorimeter, C — 6*, can be as large 
as 0.2 0 , and a simultaneous variation of 5%, both in K a and in the resist¬ 
ance of a copper shunt, will not cause an error of 0.0001 0 in a period of 
ro minutes. UK a \& likely to be constant to 2%, as will often be the case, 
and the shunt is of manganih, adjusted to 2%, C — 0* may vary 0.5 0 . 
Far kmger intervals, of course, the tolerance is correspondingly less. 

If the working calorimeter is also a vacuum-jacketed vessel, the cold 
calorimeter can profitably be made like it, and then there will usually 
be little to choose in efficiency between the compensated and the twin 
method. 

4. Divided Installations. 

All the important advantages of the above method can be secured if 
the two calorimeters are in separate jackets which are at different tem¬ 
peratures. The only requirement is to let each section of the combined 
auxiliary thermoelement run to the jacket surrounding its own calorim¬ 
eter. The two can be as easily connected and read in series as if they 
ran to the same jacket. 

The comparison calorimeter and its jacket must have the same equality 
of temperature as is necessary with a single jacket, and departure from 
this brings errors *of the same amount; 1 the jacket around the working 
calorimeter may have any varying value, just as in work with a single 
calorimeter. 

This method is more adaptable than the single jacket method, and is, 
of course, essential if adiabatic methods are to be used. It is a little more 
expensive if constructed from the start, but less so where a jacketed 
single calorimeter is already at hand. 

5. Thermostats. 

With a single calorimeter it is often convenient to make the jacket a 
thermostat. This may save considerable tiresome preliminary adjust¬ 
ing of temperatures, renders the subsequent observations more uniform, 
enables determinations to be more readily compared, since all have the 
same initial temperatures,* and reduces the necessity of dealing with 
troublesome temperature coefficients in thermochemical work. With a 
comparison calorimeter still further advantages of the thermostat appear; 
the equality of temperature between the jacket and the comparison 
calorimeter may be made more exact with less trouble, and hence greater 

1 that is, errors, depending only on the difference — Kb) of Equation 34. 

* The supply of water for the working calorimeter can conveniently be kept in a 
bottle immersed in the thermostat jacket. 
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latitude is allowed far the permanent adjustment of the compensating 
shunt (of the a uxiliar y thermoelement), and also in the temporary values 
of the cooling factor of the working calorimeter, all of which makes for 
ease and precision. With the high precision appropriate to the differ*, 
ential calorimetric methods, however, there arises a difficulty in using 
a thermostat with an ordinary calorimeter. With such a calorimeter a 
precision approaching o.oooi 0 usually demands that the differential 
temperature, in which the jacket enters, be measured to better than 
0.003 °. But if the jacket temperature is oscillating through o.oi° or 
so, any one measurement of it may be o. 005 0 from the mean, so that there 
may be an error of 0.005°, unless an unusually and objectionably large 
number of observations is made. The difficulty can be avoided: (a) 
by using a thermostat accurate to 0.001 °, methods of doing which will 
probably be discussed later on. ( b) By putting within the thermostat 
only the vacuum-jacketed calorimeter, whose low cooling factor renders 
a constancy of o.oi° sufficient; foregoing, of course, the advantages of 
a thermostat around the working calorimeter, (c) By working the thermo¬ 
stat with the heater very near the regulator bulb, which makes the oscilla¬ 
tions shorter, and therefore smaller; the resulting increased influence of 
room temperature upon the bath will act too slowly to be troublesome. 
(d) By increasing the lag of the jacket ends of the auxiliary thermoele¬ 
ments, so that the reading depends on the mean temperature of the jacket. 
This can be done by pulling over a rubber tube. There need be no fear 
for the accuracy of this method, since the only objection to the thermo¬ 
stat is that a single reading of an oscillating temperature is usually not 
representative. 1 

In a thermostat used as here indicated, if the heater is put near the 
bottom, there is no need whatever to have the stirrer in operation except 
during the determinations and for a few minutes before. 

If the thermostat is constant to 0.0 T °, the cold calorimeter can (ordinarily) be 
made to have quite negligible temperature fluctuations, and so can be used simply as 
a body of constant temperature, constituting a frequently advantageous substitute for 
an ice bath.* The addition of the compensated (*. e., shunted) auxiliary thermo¬ 
element (not yet devised in 1910) improves this method, so* that its original form may 
be said to have been superseded. Used with the shunted auxiliary, of course, it is 
nothing but the regular compensated calorimeter method as used with a thermostat. 

The copper block formerly suggested for the comparison calorimeter also seems less 
desirable than the present arrangement. Although such a block has been used (in¬ 
dependently) in other laboratories as a working calorimeter, as a comparison calorim¬ 
eter it is less effective, and probably less simple to instal, than a vacuum-jacketed 
bottle with a simple stirrer. 

1 If the oscillations of the thermostat temperature are too slow, however (a minute 
or more) they may make a more than negligible unevenness in the variation of the 
calorimeter temperature 

* Described from this laboratory in: "Some Calorimetric Methods" (P*yi. Rev., 
3 *» 557 (19x0)) under the name of "comparison body." 







6. Compensation of the Stirring. 

With twin calorimeters the heat of stirring in each is naturally com* 
pieilsated by that in the other, and the same compensation can easily be 
obtained by a little adjustment, where the two calorimeters are unlike. 
This is a possibility belonging only to two-calorimeter systems. There 
will usually be considerable doubt, however, as to whether the compensa¬ 
tion is better than the alternative procedure, which is to make the stirring 
erf the working calorimeter so constant that variations in the heat produced 
are negligible, at the same time simply making the stirring very slow in 
the cold calorimeter, which will always be admissible. The constant 
Stating may perhaps call for a governor; the compensation demands 
that the stirrers of the two calorimeters be somehow geared together, 
and that with each of them pains be taken to see that no change in condi¬ 
tions is allowed to occur which may affect the relation of heat produced 
to speed of stirring. Experience of the relative merits of the two pro¬ 
cedures appears to be wholly lacking; a brief discussion of calorimeter 
stirring in general has been published elsewhere 1 

7. Experience with the New Methods. 

The 44 Comparison Body” method, and, subsequently, the “Compen¬ 
sated Calorimeter” method, have been used in the Geophysical laboratory 
for the last two years. Their convenience has been clearly shown. The 
work thus far done with them, and the auxiliary apparatus used, have 
not been adequate to show the precision of which they are probably capa¬ 
ble, but some indication of it has been obtained in the following case 
Eight regular calorimetric determinations were extended to occupy an 
hour, when it was found that for successive ten-minute intervals the 
temperature observations were concordant to o 000070 0 on the average. 
Even with absolutely perfect apparatus an average variation of o 000035 0 
would, in accordance with the laws of chance, have resulted from the fact 
that the record was only made to o 000100 °; the average error , therefore, 
was considerably less than o.000070°, and this includes, besides the er¬ 
rors of the electrical system, the effects of uncertainties in jacket tempera¬ 
ture and in measuring it, of variations in stirring, and of the observer's 
possible failure always to estimate tenths correctly. This result was 
reached without using a thermostat, and in a room of very changeable 
temperature. 4 

8. Experimental Details. 

(o) The Comparison , or “Cold” Calorimeter. —Where a single jacket is 
used, the vacuum-jacketed comparison calorimeter can be immersed in 
it, ji^st outside’the chamber holding the working calorimeter, and can be 
covered with the same cover, as is partly shown in Fig. 3. In our own 
1 “Lag Effects and Other Errors in Calorimetry,*' Walter P. White, Phys. Retf., 
31 * 575 (1910). 
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work the comparison calorimeter was in a separate jacket. An attempt 
was made to secure complete uniformity of temperature around the 
calorimeter by means of a cover of very thick copper, but a more certain, 

more effective, and _ 

easier way of accom¬ 
plishing this result af¬ 
terward seemed to be 
by means of the 
double walled ‘ ‘ water 
cap” shown in Fig. i. 

This was made by a 
tinner for about $4.00, 
and was at once ready 
for use. Filled with 
water, and with one r 

opening placed over A. 

the jacket stirrer, it *{£ 

provides abundant - - -—-— ^ 

circulation above the -zr_ 

calorimeter, and, ~ z p . . ..- \ o 

touching the open _±r /£ 

water on all sides, it _ a _^ W\ '7$k 11 

absolutely excludes air _ _ -IT 

currents from the in- - - Mil ” - ~ ~ ~ 

closed space. The _ -jr r 4 z^ Z ^ : jr. — ~ 

thermoelement, as it ^ - ~ 

runs to the calorim- \ : ~~~ “ 

eter, dips down under TI l r Jz ~ 

this cover, and thus Stirrer - 

passes for some dis- -- —— - ^ e 

tance through the --^ ^ ^ ~— • 

water. This arrange- 

ment can be made to -— 

prevent any influence B 

of the room tempera- pj g j —Copper "water cap/' which helps secure a uniform 
ture Upon the calorim- temperature completely surrounding the cold calorimeter, 
eter. A reciprocating A, Perspective; B. Sectional View, with a calorimeter, 
“hnrW 1 ’^ ic etc. An auxiliary thermoelement is omitted to 

DUCKet Stirrer IS simplify the drawing, 

used (that is, a long 

tube with a light hinged valve), which can be operated by rods passing 
up from below through the water, and therefore without complicating 
the cover. 

Evaporation under the water cap can be prevented by pouring a layer 
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•Hmavy oil on the water in the calorimeter, and then keeping the colorim¬ 
eter always a little winner than the jacket When evaporation was 
permitted, however, it only increased the cooling rate 20%, and it must 
become constant very quickly in the small inclosed body of saturated air, 

•+£ so it is allowed to occur un- 

Main 9? hindered. 

Another arrangement of 
the comparison calorimeter 
was tried, and is shown, 
somewhat improved, in Fig. 
2. The cover, a sort of 
diving bell, is borne by the 
thermoelement case. The 
insertion of the thermoele¬ 
ment carries down the air 
which fills this bell and sur¬ 
rounds the neck of the 
calorimeter. 

Here the calorimeter tem¬ 
perature automatically be¬ 
comes equal to that of the 
jacket whenever the thermo¬ 
element is removed. 1 

(b) An Inexpensive Com¬ 
plete Jacket .—The water cap 
Fig. 2. — “Submarine" arrangement of cold calorim- just described serves, with 
eter, accomplishing the same object as the a modification, as the 

water cap. most characteristic part of a 

completely inclosing jacket for working calorimeters, and this deserves de¬ 
scription here, since the value of the “Compensated Calorimeter Method" 
is somewhat dependent on the ease with which complete inclosure can be 
attained. An installation now in process of construction has the follow¬ 
ing essentials (Fig. 3): (1) For the outer vessel a commercial paper tub 
is used, which of course reduces expense. (2) Two metal bars crossing this 
tub at the top serve to support the inclosure of the calorimeter chamber. 
(3) This inclosure consists of two parts. The lower part is a nearly plain 
pot of suitable shape, which ordinarily remains fixed in position, though 
it can be changed, if desired, when a change is made in the working calorim¬ 
eter. (4) The upper part, or jacket cover, is a parallelipipedal box, 

1 This of cdlirse supposes that the stirrer is operated when the calorimeter has 
become colder than the jacket. In this case it may be desirable or necessary to Insert 
a wide, short tube temporarily in the mouth of the bottle, to assist the stirrer in bringta* 
the colder water well out of the bottle. 
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c fa w ri except for two large pipes, projecting downward like the 
in the water cap of Fig. i, and of similar function. This cover can be slid 
about at will upon the cross bars, and will ordinarily serve for all the 
different calorimeters used. 1 (5) The power for the stirring may be 
brought into the chamber in various ways, according to circumstances. 
In our case the cover is in two parts, one of which is clamped fast during 


Thermoelement' 


^Supporting bar 


'JACKET I COVER 



Fig. 3 —Complete inclosure of uniform temperature surrounding an ordinary 
calorimeter. Here the cold calorimeter, situated beyond the 
calorimeter-chamber shown, is covered by the same cover 


a determination, and carries the stirrer pulley and connection, while the 
other part is at all times freely movable.* (6) For a thoroughly com¬ 
plete inclosure the jacket water temperature must prevail tip to the very 

1 With a tub as small as thf t shown in Fig. 3 there would not be room to move the 
covers back far enough to expose the calorimeter. In general, a larger tub can be 
used, with advantages in several directions. In adiabatic work a small tub will usually 
be much more desirable. With it the covers are emptied and lifted off, and then 
refilled when replaced. The filling and emptying we done by sucking or blowing air 
through an inverted siphon; the procedure is thus not at all troublesome. If the re¬ 
sulting rise in the water level in the tub is objectionable, it can be avoided by removing 
water before* the emptying of the cover, returning the same after filling* The levtl 
thus remains the same except during the filling or emptying, when it is low. A con¬ 
venient way of removing the water is to transfer it into an inverted vessel (not here 
shown) somewhere inside the tub, making the transfer, again, by means of an in¬ 
verted air siphon. The siphon tubes should be about a centimeter in diameter; the 
transfers are then almost instantaneous. 

* An arrangement of this sort, applied to a more elaborate, but no more effective, 
jacket installation, has already been described, in "Some Calorimetric Apparatus," 
Walter P. White, Phys. Rtv. t 31* $73 (1910). 
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fdpbflihe ride wall of the Calbrixneter chamber. This has gen*ttf%dfefen 
1 seethed by bringing the water up to the top of the side waH, wfcidh is a 
little* ttohblesome, but is a slight price to pay for absence of all ilhfccr- 
tainty as to the jacket wall temperature. Fortunately, however, a euffi- 
'1 -~i. p 7\ c ^ ent an( * very certain uniformity of tem- 

JJ-z* rn^pfr >j=5 perature in the jacket wall can be attained 

as follows: (Fig. 4): The upper 4 cm. or 
more of the wall is of (or is reinforced 
t with) copper, about 1.5 mm. thick, and 

t- > does not project more than 3 cm. above 

.p fj p the water surface; outside of this and 4 

or 5 mm. from it is a shielding rim whose 
,E g lower edges turn outward 2 cm. or so in 

*, o s5l^£rT~*c wa ^ er * 80 fts to touch the water 

1 o abundantly without keeping it from the 

O true rim. This shielding rim, coming 

nearly to the temperature of the water, 
Ejj prevents the true rim from being sensibly 

Fig. 4 .—Arrangement of shielding rim affected b y room temperature, whose 

preventing the influence of the room changes will cause not over o. 0005 as 

temperature upon the upper part much change in the true rim. The lag of 
of the Will of the calorimeter the very top of the rim will not be over 4 
chamber. seconds, which is negligible even in the 

most accurate work, since it affects only a small part of the whole calorim¬ 
eter chamber wall. The shielding rim does not appear in Fig. 3 because 
it is not needed under the ends of the jacket cover. 

If a cold calorimeter is used in the same jacket, the copper rim may sur¬ 
round it also. 

If the thermoelement then passes dir^tjy from one chamber to the 
other, evaporation into the working c$lQfrimeter chamber be pre¬ 
vented by packing the orifice through which the thermo element passes 
with plasticine or other soft wax, or else by pouring heavy oil on the water 
surfaces inside and otttade the cold calorimeter. 

Prevention of evaporation is recognized as important in thermostats of precision, 
and H is of course'desirable or necessary for the jacket water with the type of installa¬ 
tion just dtafetfbed. A quick and easy way to secure it is by casting paraffin on the 
tutface of Hie*water. The paraffin wffl not continuously support much weight, and 
hence rfntt be supported, either by the inter or otherwise. It is a good plan to use 
fired pa r a ffin to fill in around comets and irregularities, leaving the large, clear spaces 
protected by bodies of simple outlfcjjfc, hither floating or otherwise supported. 

It is an advantage to paint the jacket vessel white inside, which makes 
objects in it far more easily visible. The paint may be protected by a 
thin layer of paraffin. 

(c) Lever Adjusters . —Some adjustment of the amount of water in the 
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calorimeter* is desirable or necessary in nearly all calorimetric work. 
With the compensated calorimeters the quick method of Dickinson and 
George 1 gives more than suffi¬ 
cient precision and will often save 
a tedious adjustment of the 
weight on a balance. This 
method consists in sucking out 
excess water down to a desired 
level. The level reached is more 
constant, however, if the tube 
used is of different shape from 
that of Dickinson and George. 

Fig. 5 shows the adjuster used 
with our working calorimeter. 

It is made of a large cork, three 
nails and a little glassware. The 
nails, serving as a gage, rest on 



-Apparatus for quickly adjusting the 
water level in calorimeter. 


the calorimeter rim when the adjuster is in use. 

(d) Temperature Adjustment. —The required adjustment of the tem¬ 
perature of the cold calorimeter to approximate equality with that of the 
jacket is practically the only special manipulation called for by the com¬ 
pensated calorimeter system, once the installation is completed. With 
the submerged cold calorimeter, this adjustment, as already pointed out, 
is nearly automatic. With a cold calorimeter not submerged, the ad¬ 
justment is readily made on a similar principle, by sucking out the water 
into a large bottle, and then refilling from the jacket. If the jacket is 
made into a thermostat, these manipulations become unnecessary. 2 


9. Essentials of a Differential Calorimeter Installation. 

The essential apparatus of the calorimetric system described in the 
present series of papers are here lis v ed together. 

A. Calorimetric Arrangements . 

I. The calorimeter proper, or “working calorimeter,” has no restric¬ 
tions placed upon it by the differential methods here presented. 

II. The cold t or comparison calorimeter , which is merely a vacuum 
jacketed bottle, and 

l H. C. Dickinson, E. F. Mueller and E. B. George, “Specific Heats of Some 
Calcium Chloride Solutions between —35 0 C. and +20 0 C.,” Bull. Bur . Standards , 6, 
388 (1910). 

* As to the complication involved in this procedure it may be said that even in 
the meet unfavorable case, where the cold calorimeter has a separate thermostat all to 
itself, the installation of the thermostat is simpler, and its maintenance less objection¬ 
able, of the oil-filled thermostat around the Wheatstone bridge, which is generally 
considered the most desirable means of insuring high precision with the resistan c e 
themuHQgter. 
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xx. Pr»cat rt i o a » aad Safeguards. 

This section gives, with an attempt at completeness, a list of features which must 
be provided in the apparatus, and of precautions which must not be forgotten in daily 
work, for observations of precision. 

/. Features Required in the Apparatus. 

(/) Generally necessary—that is, not peculiar to the differential thermoelectric, com¬ 
pensated calorimeter method . 

A. Pertaining to the Calorimeter. 

(a) Control of, or preferably prevention of, evaporation from the calorimeter. 

(b) Sufficiently vigorous stirring in the calorimeter and especially in the jacket. 

(c) Sufficiently constant speed of stirring in the calorimeter. 

(d) Reduction of certain lag errors, which are usually negligible, but should not 
be assumed to be so. 1 

(«) (Occasionally) provision against excessive evaporation or other detriment to 
uniformity in jacket temperature. 

B. Thermometric. 

(f) To have sufficient depth of immersion of the thermometer. 

C. Electric. 

(g) To provide adequate insulation at all points. 

(h) To provide equipotential leakage shields if necessary. 

(•) To have it definitely known how much attention is needed by dial and other 
contacts. 

(A) To have the coil corrections, if any, properly determined (usually there will 
be none). 

I (a) Features Required in the Apparatus , Peculiar to the Compensated Calorimeter 

Method. 

A. Pertaining to the Calorimeter. 

I* Provision against friction of the cold calorimeter stirrer against the thermo¬ 
element. 

II. Provision against appreciable heat of stirring in the cold calorimeter (or else 
against an appreciable difference between the two calorimeters). 

B. Thermometric . 

XU. (In divided installations only) to have a copper temperature shield over the 
horizontal part of the thermoelement, to protect thermoelement and calorimeter 
from the effect of room temperature. 9 

1 a to d are discussed in: "Lag Effects and Other Errors in Calorimetry," Loc< 
cit. Irregular heat conduction to the calorimeter along the thermometer, which is 
troublesome with some electric thermometers, is, of course, impossible in the differential 
thermoelectric method with a single jacket, since the thermoelement is then com¬ 
pletely indudhd; and is prevented in divided installations by the sheet copper shield 
over the exposed portion of the thermoelement. A good thermal contact with the 
jacket where the thermoelement passes through may give additional security; it has 
proved sufficient by itself under severe tests. 

1 The observer should, of course, by all means, see to it that his thermoelement 
is sufficiently homogeneous at the place where the temperature gradient comes, but 
this amounts merely to saying that he must have a satisfactory thermometer, so I 
have not classed it as a precaution. 
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C Electric 

IV. To have neutral (» e , practically, copper) wires and contacts outside of the 
eliminating switch 

V. To have an eliminating switch which has been thoroughly tested for neutrality 

VI To have some provision against the effect of direct sunlight, or heat from 

lamps, upon neutral switches or contacts 

II Precautions Needed tn Operation 
( 1) Not Peculiar to the Thermoelectric Methods 
A Pertaining to the Calorimeter 

(/) To avoid moisture on the working calorimeter 

(m) To have the right amount of water in the same 

(») To see that the jacket stirring does not accidentally become too slow, from 
slipping of the belt for instance 

( 0 ) To see that the proper speed of calonmetei stirring is maintained 1 

( p ) Not to overlook any change which may be produced m the heat equivalent 
of the calorimeter 

B Thermometric 

There are no general thermometric precautions which remain necessary when the 
compensated calorimeter method is used 

C Electric 

(q) and (r) To test insulation and shield whenever trying weather 01 other cause 
suggest the necessity 2 

(5) To Give the Contacts Needed Attention — (With the combination potentiometer 
this is almost nil if corrosive gases are absent An overhauling twice a year will then 
prove more than sufficient) 

(t) To avoid laying wires clothing, or other objects down so as to make a leakage 
path by the equipotential shield and to avoid letting live wires even if insulated, 
touch anything inside the shield in damp weather 

II (2) Precautions Needed in Operation, Peculiar to the Compensated Calorimeter Method 

A Calorimetric 

VII. To let 10 minutes or so intervene between any considerable change m the cold 
calorimeter temperature (m adjusting it) and the beginning of observations 
B Thermometric , nothing 
C Electrical, nothing 

Of these precautions n, 0, q, r are the most troublesome, and their inconveniences 
are trifling They are necessary for high precision by almost any method The 
compensated calorimeter method itself evidently calls for practically no precautions 

12. Availability of the Differential Thermoelectric Methods. 

The intrinsic advantages of the differential thermoelectric system 
m calorimetry have been stated at the close of a previous paper * They 
gi\e rise to methods superior m absolute precision, certainty, and free¬ 
dom from precautions, m quickness, and m the power of combining numer- 

1 Our speed is governed and the governor operates by means of incandescent 
hghts, whose winking shows when the governor is working properly 

8 The tests given in “Leakage Protection by Shielding, Especially m Potentiometer 
Systems** ( toe cit ), will usually be sufficient tn potentiometer systems 

9 “Potentiometers for Thermoelectric Work, Especially in Calorimetry,*' Loc cit 
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ous and varied observations. It will probably be dear from the present 
paper that the calorimetric arrangements necessary to secure these differ¬ 
ential methods entail disadvantages which are slight, and are practically 
done with, once the original installation is accomplished. The same may 
be said of the electrical arrangements. The methods will therefore 
nearly always be satisfactory, even where they are not noticeably pref¬ 
erable. Wherever a variety of work is to be done the thermoelectric 
apparatus is likely to prove decidedly superior for some of it. 

If apparatus is desired which can be made useful in work not calori¬ 
metric, the thermoelement installation will be useful not only for all thermo¬ 
electric work, induding high temperature measurement, study of heat 
conduction, etc., but also for much potentiometer work where no tem¬ 
perature measurement is involved. For measurements which are naturally 
or necessarily differential (such as freezing point depressions, for instance) 
the thermodement is especially advantageous. If, however, the dectrical 
apparatus is likely to be needed for very accurate measurement of single 
temperatures (i. e., not temperature intervals) as in determining fixed 
points with the highest predsion, the resistance thermometer, which is 
more convenient for such measurements, is more likely to be preferable. 

Summary. 

In the calorimetric “Method of Mixtures,” a precision approaching or 
reaching o 1 per mille, though somewhat unusual, is often desirable, 
and is ordinarily not difficult to attain with appropriate apparatus 
Its attainment is especially easy with a' twO-calorimeter installation, 
which secures the convenience and high predsion of differential thermo- 
dectric temperature measurement. Th& Is the only advantage of the 
two-calorimeter arrangement; the dhtlihution of heat-loss error, often 
counted an advantage, turns out upon examination to be largely illusory. 
By abandoning the twin calorimeters previously used to get this supposed 
advantage, and using for the comparison calorimeter a vacuum jacketed 
flask, there is a gain in convenience an^gfedffpn. A special thermoele¬ 
ment combination renders the necessity temperature observations as 
simple as with the twin arrangement, A completely indosing jacket of 
uniform temperature is necessary vtot this method, but this is no loss, 
for such a jacket proves to be ygOCSsary for highest precision with any 
other ineMux}. This method i$ jiidte as effective with two jackets, one 
around mch calorimeter, and tjtet&fore with adiabatic methods. 

Effident complete jackets duTbe very easily realized according to sev¬ 
eral methods, which are described. 

As compared with others* the present method is especially advantageous 
for observations of great absolute precision, and wherever it is desirable 
to secure the advantages which the thermoelectric system possesses in the 
way of rapidity and dt facility in making varied observations. 
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Apparatus especially valuable for this method is described in a series 
of papers, of which this paper is the last. 

GaOPHTftXCAX, Laboratory, 

CARNEGXS INSTITUTION 09 WASHINGTON, 

Washington, D. C. 

ALTERNATING CURRENT ELECTROLYSIS. 

By Jnansndra Chandra Ghosh. 

Received September 16 , 1914 . 

PART I. 

Manuevrier and Chappius 1 found that, when an alternating current 
is passed through electrodes of very fine platinum wires dipped into a 
sulfuric add solution, there is an immediate and abundant evolution of 
gas. They also found that the higher the frequency the less the amount 
of decomposition. 

Ayrton and Perry 2 used alternating currents having a frequency of 
10,000 per minute, and made the interesting observation that a deposi¬ 
tion of hydrogen gas on a platinum electrode hinders visible decomposi¬ 
tion by alternating currents, while deposition of oxygen favors such' 
decomposition. Hopkinson, Wilson and Lyddal 8 also investigated the 
nature of electrolysis by alternating currents, but they laid more stress 
on the physical side of the question. M. LeBlanc 4 passed an alternating 
current between copper electrodes in a cyanide solution and found that, 
with the rate of reversal of iooo per minute, copper passed quantitatively 
into solution; while, with the rate of 38,000 reversals per minute, only 
33 % of the theoretical quantity dissolved. LeBlanc holds that the cop¬ 
per passes into solution if the copper dissolved at the anode has time to 
be converted into the complex cuprocyanide ion before the reversal of 
the current. 

Brochet and Petit 6 do not share the view that the possibility of alter¬ 
nate current electrolysis depends on the formation of a complex ion. They 
conceive the general condition for the formation of a new compound 
to be, that the ion, on reaching the electrode, has had time to part with 
its charge before reversal produces the ion of the opposite charge, at the 
same electrode. Ostwald also holds the above view. It frequently 
happens that the immediate product of the chemicaj^rocesses at the 
electrodes undergoes further changes which are difficult to reverse. He 
considers that reversibility is often merely a question of time n'hft'JJte, 
short intervals of time is always present. This is shown by the fact that* 

1 Compt. rend., 106, 1719-22; 107, 37-40. 

2 Electrician, 21, 299-300. 

3 Proc . Roy. Soc. t 54, 407-417. 

4 Z. Eleckochem., n, 705 (1905). 

% Ibid,, xe, 909 (1904); «* 44i (1905). 
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in using alternating currents to measurc electric conductivity no devia¬ 
tion from Ohm's law has been observed. This proves that the energy 
of one current which has disappeared in polarizing the electrodes reappears 
in the next current of opposite direction, u e ., the chemical decomposition 
effected by the passage of the alternating current in one direction is com¬ 
pletely reversed by the succeeding identical current in the opposite direc¬ 
tion, and the resultant chemical action thus becomes nil. The direct 
experimental verification of this view is, however, a very difficult one, 
since, even if any chemical action takes place on the passage of a high fre¬ 
quency alternating current through an electrolyte, it will be so minute 
that our ordinary methods of chemical analysis would fail in detecting it. 
It occurred to the author that by measuring the potential differences 
between an electrode and an electrolyte, before the passage of an alter¬ 
nating current, and then during or just after the passage of the same, a 
due might be obtained as to whether any chemical action has taken place 
on the electrode surface. It was also thought possible that, since the elec¬ 
trode potential is due to the electrical double layer at the surface of separa¬ 
tion between the electrode and the electrolyte, the amount and direction 
of variation of dectrode potential may throw light on the nature of the 
chemical changes at the electrode surface. 

The following method of experimental procedure was adopted: A B 
is a potentiometer wire (see Fig. I) through which a constant current from 

a four-volt battery D 
is passing C is a 
Weston cadmium de¬ 
ment and E is a ded- 
normal calomel dec¬ 
trode of comparatively 
high resistance, X 
and X' are the elec- 
B trodes dipped into the 
dectrolyte whpse elec¬ 
trolysis on the passage 
of an alternating cur* 
rent is to be ftudied. 
They are joined 
key, K', to the two terminals of the secondary I of anittduc- 
Vtfen coil. The key K' consists of a mercury' cup in which the two connect¬ 
ing wires are dipped, and should be placed nearby on the potentiometer 
table. Since it is necessary to measure the electrode potential of either 
X or X' just after the passage of an alternating current, the time between 
breaking contact at K' and making the galvanometer oonta^Mfritfi 
potentiometer wire should not be at all appreciable. The iudbj&tta && 
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use<fis a very small one, such as is generally used in the conductivity meas¬ 
urements according to the method of Kohlrausch. The frequency of 
alternation was 30,000 per min. approximately. The current passing 
through the primary was measured by an ammeter placed in the circuit. 
K is a three-way key and G a galvanometer. The galvanometer was 
shunted off by means of a sliding resistance (which should be near at hand). 
The E. M. F. of the combination E and X is measured by comparison 
against C. 

The first experiments were carried out to determine whether there is 
any variation in the electrode potential on the passage of an alternating 
current through two pieces of the same metal dipped in its own salt solu¬ 
tion. Two clean zinc rods were taken and immersed in a normal solution 
of zinc sulfate. The internal resistance of the cell thus obtained was 
about one ohm. The current strength through the primary of the induc¬ 
tion coil was G f an ampere. 

E. M. F. of the combination of E and X before the passage of the alt. current » 
1.105 volt. 

E- M. F. of the combination of E and X during to passage of the alt. current ■» 
1.105 volt. 

E. M. F. of the combination of E and X just after the passage = 1.105 volt. 

The same constancy of behavior was obtained in the case of cadmium 
in cadmium sulfate solution and copper in copper sulfate solution. In 
the case of metals dipped in their own salt solutions such constancy of 
behavior is to be expected, for here the question of an irreversible change 
being conducted reversibly does not come in. These results also justify 
the assumption that only when there is some such change as would alter 
definitely the chemical nature of the electrical double layer, is its effect 
noticeable by the measurements of the electrode potentials. 

The next investigation carried out consisted in determining the changes 
in the electrode potentials in cells consisting of two platinum electrodes 
dipped in any electrolyte. The great disadvantage of these determina¬ 
tions lies in the fact that we seldom get a constant value of the electrode 
potentials in these cases, and therefore these measurements canhot be 
exactly repeated. But, since the variation of electrode potential is the 
only point of importance, the uncertainty in the absolute values of these 
potentials does not affect the worth of these measurements. Two pieces 
of polished platinum of equal area—3.5 cm. in length and 1 cin. in breadth, 
were cut out from the same foil, cleaned, ignited red hot and then kept 
dipped in the given electrolyte for about 24 hours. It was found, in ac¬ 
cordance with the observation of Smale 1 and others, that, in order to ob¬ 
tain a maximum constant potential difference between the electrodes 
and the electrolyte, it is necessary to keep the electrodes immersed in the 

1 Z. phys. Ckm ., X 4 » 577 (1894) 



giro* solution lor quite a bug time. The electrodes wen washed and 
ignited red hot each time they were used for potential measurements 


Acid 


Table I 

Concen¬ 

tration 

BMP 

before 

passage 

BMP 

during 

passage 

BMP 

after 

passage 

HC1 


i o N 

-f o 52 

4-o 31 

4-0 35 

HNO, 


i o N 

4*0 68 

+0 48 

4-o 52 

CHgCOOH 

0 2 N 

+o 25 

—0 02 

—0 01 

HCOOH 

o 2 N 

+o 07 

—0 37 

— 0 30 

COOH 

I 


0 2 N 

4-o 31 

—0 02 

+0 01 

COOH j 
HgS0 4 


0 2 N 

4-o 51 

+0 61 

4-0 60 

H1C1O4 


i o N 

4-o 8o 

4-o 96 

-fo 92 

Monochloroacetic 

0 2 N 

4-o 31 

4-o 60 

4-o 57 

Trichloroacetic 

0 2 N 

+o 35 

+0 52 

-f 0 49 

Lactic acid 

O 2 N 

4*0 34 

4-o 51 

4-o 50 

Tartanc acid 

o » N 

-*-0 34 

4-0 54 

4-o 52 

Malomc acid 

O 2 N 

-fo 35 

4-o 6 j 

4-o 60 

Malic acid 

0 2 N 

4"0 31 

+0 42 

-fo 39 

Citric acid 

0 2 N 

-fo 36 

4-0 58 

-fo 54 

Benzene sulfonic acid 

0 2 N 

4-o 34 

+0 54 

4-o 51 

Potassium hydroxide 

Table II 
i o N 

+0 05 

—0 02 

-fo 01 

Sodium hydroxide 

i o N 

4-o 06 

—-0 02 

-f 0 01 

Sodium carbonate 

o i N 

+0 09 

4-0 02 

-fo 03 

Potassium permanganate 

Table III 
o i N 

+0 45 

4-o 54 

4-o 49 

Potassium dichromate 

o i N 

4-0 35 

4*0 45 

-fo 41 

Potassium nitrate 

x o N 

4-0 2 

4-0 30 


Potassium chlorate 

i o N 

4-0 22 

4-0 31 


Potassium bfomate 

i o N 

4-o 35 

-fo 43 


Hydroxylamine hydrochloride 

Table IV 
i o N 

4-o 02 

—0 05 

—0 01 

Hydrazine sulfate 

i o N 

—0 13 

—0 18 

—0 16 

Sodium sulfite 

i oN 

—0 16 

—0 21 

—0 17 

Potassium iodide 

i o N 

4-o 10 

—0 08 

+0 Oj 

Salt 


Table V 

Concen 

tration 

BMP 

before 

passage 

BMP 

during 

passage 

BMP 

after 

passage 

Potassium chloride 

o N 

4-0 15 

4-o 30 

4-o 2$ 


n Dropude 

oN 

4-0 X2 

4-o 26 

4-o ^ 

sium sulfate ^ 

oN 

4*0 15 

-fo 21 

-f 0 ah 

^sulfate 

o N 

+0 14 

-fo 28 

4*0 at 

Copper sulfate $ 

o N 

4-o 30 

4-o 38 

4*0 36 

Zinc chloride 

o N 

4-0 21 

4-o 40 

+0 38 

Sodium tartrate 

oN 

4-o 05 

4-0 024 

4-o 03 

Sodium citrate 

oN 

4-o 11 

4-0 21 

4-0 *> 

Chromium sulfate 

oN 

+0 41 


-fo 48 
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against a fresh solution. The electrodes were kept i cm. apart Qtl d an 
alternating current passed for 15 min. The current strength through the 
primary was 2 /nth of an ampere. The E. M. F. was measured just be¬ 
fore the passage of the alternating currents during the passage, and then 
just after the stoppage of the alternating current. The secondary circuit 
was always kept closed. 

It was found that, although the absolute values of the E. M. F. depend 
much on the concentration of the electrolyte, the amount of variation 
of E. M. F. is much the same for all concentrations between 1.0N and 
o.iiV* The variation depends much on the time of the passage of the 
current, rising to a maximum after a definite interval which did not ex¬ 
ceed 15 minutes in any of the cases studied. In the tables, therefore, 
the maximum variation has been noted down. The negative values of 
K. M. F. in the tables mean that in these cases the calomel electrode is 
positive. It will be noticed that, in all the cases recorded above, the 
E. M. F. just on stopping is 
nearer the initial E. M. F. than 
the K. M. F. during the passage <0 
of the alternating current. In- ^ 
deed, in all the cases invest i- ^ 
gated, a complete recovery curve ^ 
was obtained. They are all simi- ' ^ 
lar in nature and only some of ^ 
the typical ones are given in Figs. 

II, III and IV. It will be noticed ^ 
that, in the beginning, the re- ^ 
covery is quite rapid but after- ^ 
wards it becomes quite slow. ^ 

The fact that in each case the K. 

M. F. gets back to the original 
value goes to show that they are 
tending towards stable condi¬ 
tions. The new chemical sub¬ 
stances produced by the action 
of the alternating current alters the nature of the electrical double layer, 
but they soon disappear by diffusion and we get the old values of the 
E. M. F. again. ' 

On examination of Table I, it will be noticed that the acids may be 
divided into two groups. For the acids 1-5 the E. M. F. diminishes 
on the passage of the alternating current,* while for the rest the opposite 
is the case. The latter dass of adds are all characterized by either con¬ 
taining Cl or (OH) groups. Thus the behavior of lactic, tartaric, or mono- 
ohloroacetic adds is quite different from that of formic, acetic or oxaHc 









adds. It frill also be observed that the E* M, F. of adds undergoes 
greater variation that the E. M. P. of other electrolytes—the amount Of 
variation being from 0.2 to 0.4. 

In Table II it will be observed that the variations are in the same direc¬ 
tion—the E. M. P. diminishing during the passage of the alternating cur¬ 
rent. The variations here are also relatively small. 

In Table III all the substances are oxidizing agents and we find that 
the E. M. F. increases during the passage of the alternating current. With 
the reducing agents the contrary is the case—the E. M. F. diminishing 
during the passage of the current. 

In the case of the salts e. g., potassium chloride, sodium chloride, 
the E. M. F. generally increases with the passage of the alternating cur- 



T/me in minutes t/zne in minures 

F/gJU /vff’JJt 


rent. Now the electrode potential observed on the platinum surface is 
always referred to as being the potential difference between the air and 
the solution, or more particularly between the oxygen gas of the atmosphere 
and the O* or OH* ions of the solution. A diminution in the value of 
the electrode potential must therefore be attributed to a diminution in 
the concentration of the oxygen gas. We may expect a diminution of the 
value of the electrode potential on the passage of an alternating current 
in the case ot platinum foils dipped in solutions of reducing agents, if we 
believe that the anion of the electrolyte breaks up at the electrode surface 
and combines with the oxygen there to form more stable bodies. The 
diminution of electrode, potential in the case of certain adds is also in¬ 
telligible on the assumption that the discharged hydrion goes to combine 
with the oxygen of the double layer.. Similarly, by assuming the decom¬ 
position of the anion of an oxidizing electrolyte and the consequent setting 
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free of oxygen gas, we may explain the increase in the electrode potential 
observed in those electrolytes. The above variations in electrode poten¬ 
tial therefore give us a direct experimental evidence of the fact that on a 
polished platinum surface, even for such short intervals of time as 
1/2 X 30000 minute, the chemical process at the electrode is not a re¬ 
versible one, t. e., the ion has had time to part with its charge and form 
other more stable bodies 

When the platinum electrodes in the previous cases were substituted 
by mercury electrodes, a good deal of the variation in the electrode poten¬ 
tial on the passage of the alternating current was also noticed Here, 
however, it is very difficult to obtain fairly concordant results, even after 
taking all the precautions used in the case of platinum electrodes Here 
the electrolytic cell of the previous cases was replaced by a II shaped cell, 
at the bottom ot the two limbs of which there is a sufficient quantity of 
pure mercury to act as electrode The cross-section of the surface of 
mercury was o 75 cm sq and the distance between the surfaces of the 
electrodes 1 2 cm. 



Tabee VI 

E M F 

E M F 

E M F 


Concen 

before 

during 

after 

Electrolyte 

tration 

passage 

passage 

passage 

h*so 4 

1 O N 

-f-O 20 

+0 23 

4-0 22 

HC 1 

1 0 N 

+0 II 

+0 15 

4-0 12 

KaCraC >7 

0 1 N 

+0 272 

4-o 32 

4-0 31 

NajSaOj 

0 1 N 

—O 40 

—O 51 

—0 42 

KI 

0 1 N 

—O 46 

—O 49 

—0 48 

Na s SO, 

1 0 N 

—O 05 

—O 06 

—0 05 


The amount of variation to be observed in these cases is not so great 
as in that of platinum. The nature of variation is also, in many cases, 
quite unlike that of platinum. The peculiarity was observed that after 
the passage of the alternating current the mercury surface in most cases 
lost its brilliancy, and it was therefore suspected that some chemical 
compounds might have been formed Indeed Manuevrier and Chap- 
pius 1 noticed that when an alternating current was passed through mer¬ 
cury electrodes in sulfuric acid solution there was formation of mercurous 
sulfate on the electrode surface. 

When, however, electrodes of platinum black are used the above varia¬ 
tion ip electrode potection on the passage of alternating currents almost 
disappears. In no case were the fluctuations more than o 015 volt. 
This proves that there is no appreciable consumption of energy at the elec¬ 
trode surface and the condition which Ostwald lays down for the trust¬ 
worthiness of conductivity measurements by means of alternating current 
is almost fulfilled. 

1 Loc. at. * 





The vgriatkmfi, under the influence of alternating: currents, of the rib* 
gle electrode potentials of combinations which have an E. M. F. of their 
own was neat studied. Here it is impossible to observe the fluctuations 
in electrode potentials during the passage of the alternating current, 
for there the two dissimilar electrodes are in metallic contact through 
the secondary of the induction coil. The readings are therefore taken 
for each electrode, before and just after the passage of the alternating 
current—the arrangements, as has been previously mentioned, being 
such that no appreciable time passes between the breaking of the second* 
ary circuit and the determination of the null point. A completely re¬ 
versible element shows no peculiarity, inasmuch as the electrode poten¬ 
tial remains absolutely the same before and after the passage of the alter¬ 
nating current. 

The study of cells containing an electrode consisting of a metal sur¬ 
rounded by its insoluble salts gave quite interesting results. In this type 
of cells, which have an E. M. F. of their own, the electrode gets polar¬ 
ized when the cell is allowed to work for itself. Here, in order to deter¬ 
mine the effect of the alternating current, it is necessary to study first 
the behavior of the cell as regards its E. M. F. after it has been allowed 
to work for itself for a certain amount of time; the cell is then left to itself 
to recover its normal condition, and when the recovery is complete 
it is again allowed to work for the same interval of time under the influ¬ 
ence of an alternating current, and its behavior as regards E. M. F. again 
studied. The Helmholtz calomel element, zinc-zinc chloride-mercurous 
chloride-mercury, was taken up for study. The cell, after prepara¬ 
tion, should be left to itself for a few days, so that mercurous chloride 
may settle completely and in a compact condition on the surface of mer¬ 
cury. This is necessary in order to secure standard conditions as regards 
the depolarizing capacity of the cell. The electrodes of the cell were 
corrected through a resistance box and the mercury cup K' to the two 
terminals of the secondary coil. Here there is no necessity of the calo¬ 
mel electrode, A and B being directly connected to the electrodes of the 
calomel element. 

Initial E. M. F. of the cell = 1.02 volt. The circuit is closed through 
a resistance of 460 ohms. E. M. F. of the cell just on breaking circuit 
after 10 min. 0.61 volt. The cell is allowed to recover, and then after 2 
hours, external circuit is closed with an alte rn ating current passing through 
the secondary coil—the current strength* through" lie primary being 
Vuth 0 f ^ ampere. E. M. F. of the cell just on breaking circuit after 
10 min. «= 0.15* volt. By varying the external resistance, different read¬ 
ing for the two sets of values of E. M. F. could be obtained. The circuit 
is kept closed in each case for 5 minutes. 
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T4»Wl VII. Table VHt. 

_. B M F. 8E9, 


Red* 

tone*. 

Ohms. 

Initial 

E. M F 
Volt 

E M. F. 

after 

doting 

circuit 

•imply 

BMP. 
after 
doting 
circuit 
with an 
alt current 

Rent- 

tance 

Ohms 

Initial 

B M F 
Volt 

B M F 
after 
doting 
circuit 
•imply 

*&*■ 
doting 
circuit 
with an 
alt current 

400 

1.02 

0 51 

O 12 

200 

0 8 

O 49 

0 26 

700 

I 02 

O 76 

O 16 

300 

0 8 

O 18 

0 x6 

900 

1 02 

0 84 

0 20 

500 

0 8 

O 19 

0 16 

300 

I 07 

0 45 

O II 





700 

1 07 

0 64 

0 16 





900 

1 07 

0 81 

0 20 






In the cell whose E. M. F. was i 07 volt the zinc chloride solution 
was more dilute. The recovery curve could also be easily traced in the 
case where the external circuit was kept closed through a small resistance 
for about 15 minutes. Fig V shows a typical one The rate of recovery 



Y 


is slow at the beginning, very rapid after some time, and then again slows 
down as the normal E. M. F. is approached. The curve in the case where 
no alternating current passed is always above the curve of the case where 
the alternating current did pass. 

The cell Cd-CdClj-HgiCb-Hg also lends itself to study in the same 
manner. 

The recovery curve is given in Fig. VI. It will be noticed that in the 
case of these cells, even when there is sufficient resistance in the external 
circuit, the rate of recovery is slow enough to be accurately traced. 

The cell zinc-zinc sulfate-mercurous sulfate-mercury was also studied. 
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The external resistance in the circuit should be as small as possible, mer¬ 
curous sulfate being soluble enough to give unpolarizable electrodes for 
small current densities. In this case, the recovery curves are similar 
to those of the calomel cell. Now, since in all the cells studied, there re¬ 
mained always a sufficient amount of mercury salt on the surface of the 



Time m minutes 


Fig VI 

mercury electrode, we may reasonably hold that the depolarizing capacity 
of each cell retained a constant value. Now the curves of recovery to the 
normal E. M. F. with time, as also the values of E. M. F. just on the 
breaking of circuit, show unmistakably that the cell retains its polariza¬ 
tion longer in the case when an alternating current plays in the external 
circuit than in that in which the external circuit is simply kept closed. 
If therefore we attribute a constant value to the depolarizing capacity of 
each cell we may conclude that a greater amount of polarization takes 
place in the former case than in the latter. 

The effect of impressing an alternating current to the above type of 
cells is therefore to increase the amount of polarization at the mercury 
electrode, and necessarily to increase the amount of the polarizing current 
which the celj furnishes of itself. 

The behavior of cells containing an electrode which is very easily polar¬ 
izable was next studied. The internal resistance of the cell was always 
very small—never greater than one ohm. 
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Tabu IX Tabus X 




E M F 
after 
simply 
closing 
circuit 

B U F 
after 
cloafog 
circuit 
with alt 
current 


BMP 

of the mercury 
electrode 

Cell 

E M F 
before 
passage 

Cell 

Before 

passage 

After ^passage 
current 

Zn Z11SO4 Pt 

I 41 

O 05 

O 05 

Cd-ZnS0 4 Hg 

—O 05 

+0 98 

Cu-CuS0 4 Pt 

O 31 

0 04 

O 04 

Al-ZnS0 4 Hg 

—0 07 

-hi 01 

Cd CdS0 4 Pt 

I 20 

O 05 

0 05 

Fe ZnS0 4 -Hg 

—O 06 

+ 1 02 





Ni ZnS0 4 Hg 

— O i 

-fx 00 





Ca ZnS0 4 Hg 

— O 08 

-ho 10 


Quite a number of such cells were studied, but in no case was a great 
difference found between the values in the 3rd and the 4th column The 
rate of disappearance of polarization with time did not yield reliable re¬ 
sults However, in the case of those cells where mercury is the polariza¬ 
ble electrode, e g , zinc zinc sulfate mercury, magnesium magnesium 
sulfate mercury, it is observed that ripples begin to play more violently 
on the mercury surface when an alternating current plays in the external 
circuit 

The next type of cells consisted of electrodes both of which were easily 
polarizable The electrode potential of each electrode of the cell was 
measured against a decinormal calomel electrode, before and then just 
after the passage of the alternating current The salt solutions used were 
quite concentrated and the internal resistance of the cell was, as in the 
previous ones, very small The alternating current was allowed to pass 
for 15 minutes 

Except in the case of nickel, the electrode potential of the more elec¬ 
tro positive metals of the above cells did not change appreciably In 
the case of the cell Ni-ZnSCh Hg the electrode potential of nickel rises 
from -fo 24 to +0 42, but this high value is not retained long enough 
In all the above cells, except m the case of the cell Cu ZnS 0 4 Hg, it will 
be observed that the mercury electrode assumes a potential value which 
is almost equal to that of metallic zinc against a zmc sulfate solution 
Evidently zmc has formed an amalgam with mercury The mercury elec¬ 
trode loses its high E M F only very slowly 


Table XI 

B M F of tue platinum 
electrode 



Before 

After passage 
of the alt 

Cell 

passage 

current 

Cd-ZnSOi-Pt 

—0 25 

+0 95 

Pe-ZnSO,-Pt 

—O 22 

+0 56 

Ni-ZnSOj Pt 

—O 23 

+0 62 


Table XII 

E M F of mercury 
electrode 



Before 

Aft . 
of alt 

Cell 

passage 

current 

Ni CdS0 4 Hg 

—O 12 

H-O 62 

Fe-CdS0 4 Hg 

—O 15 

+0 63 

Ca-CdS0 4 -Hg 

—O 16 

-ho 60 


It is to be noticed that the platinum electrode attains the E M. F* 
of zmc only m the case of the cell Cd-ZnS 0 4 -Pt Unlike the behavior of 
the mercury electrodes, platinum does not retain this high potential for 
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A longtime. Pig. VIJ Ism typical recovery cur*e of the platinum electrode 
in the case of the cell Cd-ZnSOv-Pt. The two breaks at 0.83-0.86 volt 
And again at o 2-0.25 volt are very peculiar. The first break perhaps 
indicates the lower limit of existence of zinc and the other at 0.23, the 



dWJfction of the massive metal, may be referred to. Cells were then studied 
' Iplrhich the ‘electrolyte was a salt of cadmium. 

all the above cases the electrode potential of mercury, after the pas- 
AAfe of the alternating current, approaches the potential value of cadmium 
Against cadmipm sulfate solution. Here also mercury loses its high 
BMM..F. only very slowly. In the cell Cu-CdClj-Hg, mercury did not 
1 WUd . Ann ., 31,336 (1887) 

* Ptys . Z 6, 847, 849 (1905). 
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exhibit the S. M. F. of cadmium, and tlte contrast between the behavior 
of the two salts is quite marked. 

T able XIII. 

B. M. F. of the platinum electrode 


Ni-CdS0 4 -Pt. 

Cu-CdS0 4 -Pt. 


Before the 

pomace. 

—0.26 


After the paaaage 
of the alt. current. 


Platinum in the ease of the first cell approaches the potential value of 
cadmium, but not in the case of the second cell. However, the cell Ni- 
CdS 0 4 ~Pt shows quite an anomalous behavior. The behayior of the 
platinum electrode of the cell depends essentially on the condition of the 
nickel electrode. If the alternating current be passed through the cell 
just after the nickel wire, thoroughly cleansed and polished with emery 
paper, is dipped into the electrolyte, platinum could be made to attain 
the potential value of cadmium. If, however, the alternating current 
is passed, several hours after the cell has been prepared, the E. M. F. 
of platinum rises from —0.27 to -|-o.oi volt. The behavior of nickel 
electrode itself also indicates this change in the condition of its surface 
on being kept dipped into the electrolyte. The E. M. F. of nickel against 
a decinormal calomel electrode just on dipping it into the solution was 
-l-o 2 volt, and after the passage of the alternating current for 10 min¬ 
utes was 0.5 volt. However, if the electrode be kept immersed in the 
solution for several hours the initial value is only +0.08 volt, and that 
after the passage of the alternating current only +0 10 volt. No change 
in the surface of the nickel electrode could be observed with the eye 

Some cells formed by the combination of two electrolytes were next 
studied. It has been stated before that when an alternating current 
passes through the cells Cd-ZnS 0 4 sol.-Hg, Cd-ZnS 0 4 sol.-Pt, the mercury 
or platinum exhibits the electromotive force of zinc. But the behavior 
of the cells Cd-CdS 0 4 -ZnS 0 4 -Hg, Cd-CdS 0 4 -ZuS 0 4 -Pt is quite other¬ 
wise. In no case could the value of the electrode potential of mercury 
or platinum be made to exceed the electrode potential of cadmium against 
cadmium sulfate solution. In cells of the type M-MX-MiX-Mi, where 
M is the more electropositive metal, it was found that Mi, even under 
the influence of a fairly strong alternating current, could not be made to 
attain an electrode potential greater than that of M. 

The cells Ni-ZnS 0 4 -CdS 0 4 -Hg, Ni-ZnS 0 4 -CdS 0 4 -Pt were next studied. 
It was observed that after the passage of the alternating current both 
mercury and platinum electrodes assumed the electrode potential of cad¬ 
mium. 

Further work on the nature of electrolysis under the simultaneous in¬ 
fluence of a direct and an alternating current is in progress. 
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EQUILIBRIUM IN THE SYSTEM: LEAD ACETATE, LEAD OXIDE, 

WATER, AT 25 0 . 

By Richard F. Jackson. 

Received September 24, 1914. 

The basic acetates of lead owe a considerable importance in applied 
chemistry to the fact that, for a large class of crude substances, they are 
the most effective and most convenient clarifying agents known. In the 
analysis of crude saccharine products the question of clarification is as¬ 
suming an ever-increasing importance, as the sugar analysis approaches 
a continually higher precision. In order that further advances may rest 
upon a firm basis, it seems highly advisable that in place of acquiring 
more empirical data on the crude products themselves, we turn our at¬ 
tention to some of the more fundamental problems involved. The pres¬ 
ent work was undertaken in order to contribute to our very meager knowl¬ 
edge of the basic acetates themselves and their behavior in aqueous solu¬ 
tion. Its application to the complicated problem of sugar clarification 
will form the subject of a special investigation. 

A glance into the history of the study of this problem reveals the fact 
that while a number of compounds have been reported, no work has been 
done in the light of modern knowledge. Much of the work which has 
hitherto been accepted was done under assumptions which we now know 
to be radically erroneous. As an instance of this the work of Lowe 1 may 
be cited. This investigator boiled lead oxide and lead acetate for an arbi¬ 
trary length of time and, upon obtaining a solution and a residue, he as¬ 
sumed that each represented a compound. In order to identify these com¬ 
pounds he used them to precipitate the insoluble basic nitrate of lead* 
which was then recrystallized before analysis. Its analysis was assumed 
to indicate the proportion of basic to neutral lead in the original com¬ 
pound. The conclusions based upon this procedure must be considered 
invalid. 

In other instances investigators have attempted to isolate and purify 
the basic compounds and have reported the formulas on the basis of the 
direct analysis of these substances. In most cases the substance obtained 
must have been heterogeneous. Indeed, as will appear from the present 
work, it is almost, if not quite, impossible to isolate at least one of the basic 
compounds, while the danger of obtaining a mixture is so great that it 
unties this method of investigation unreliable. 
prakt . Chem ., 98, 383 (1886). 
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The following compounds have been reported 
Pb(C 2 H 3 02) 2 5PbO l 
Pb(C 2 Hg 0 2 ) 2 2Pb0 8 
Pb(C*H 8 0 2 ) 2 PbO 8 
3 Pb(C 2 H 3 0 2 ) 2 2 Pb 0 4 
2 Pb(C 2 H 3 0 2 ) 2 PbO H 2 0 6 

The U S Pharmacopoeia states that neutral lead acetate is soluble m 
two parts of water at 25 0 Other than this, no measurement of the solu¬ 
bility of neutral or basic lead acetate has been made 

The present work has been intended to show what compounds exist 
and what are the limits of stability of each For this purpose the problem 
was attacked from the standpoint of the Phase Rule 
Preparation of Reagents. 

Lead Acetate —Lead acetate, C P , from Baker & Adamson, was re- 
crystallized once from distilled water containing a slight excess of aeetic 
acid Two samples were tested by separating the lead quantitatively 
as sulfate and sulfide, respectively The filtrate in each case yielded no 
significant residue 

Lead Hydroxide —Recrystallized lead acetate was dissol d in water 
free from carbonic acid A small quantity of this solution was added to a 
caustic alkali solution and the mixture allowed to stand several days to 
permit lead carbonate to settle The solution was then filtered rapidly 
through asbestos and mixed with the remaining lead acetate solution 
The lead hydroxide precipitate was thrown on a filter and washed with 
water free from carbon dioxide until free from sodium salts The con¬ 
tent of lead oxide was determined b> ignition of a small sample This 
procedure could not have accomplished the complete elimination of car¬ 
bonate, but a few experiments showed that the presence of even a con¬ 
siderable amount of carbonate was without influence on the equilibrium 

Acetic Acid —The C P re .genr of commerce was redistilled and the 
middle portion of the distillate reserved for use 
Analytical Procedure. 

The analytical processes were required to yield the percentages of neu¬ 
tral lead acetate and of basic lead present m the sample These data were 
obtained by measuring the quantity of standard acid neutralized by the 
basic lead and the quantity of reagent required for the complete precipi¬ 
tation of l^ad Two methods of estimation of total leac^were utilized, 

1 Wittstofai and Kuhn Buihner s Rep 84, 181 
* Lowe hoc cit Pelouse Ann 42, 206 (1842) 

8 Lowe hoc cit 

4 Brown s Handbook of Sugar Analysis p 207 j^W 

6 Stolle Handbuch fur Zucktrfabriks Cbemiker p 527. Wohler 
6 3 (1839) 
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ten 

mmdy, precipitation by normal sulfuric add 1 and precipitation by one- 
third normal sodium oxalate.* 

To the weighed sample, in a 500 cc. volumetric flask, a slight excess of 
normal acetic add was measured from a pipet. In the sulfate method the 
solution was diluted and sufficient normal sulfuric add added for complete 
predpitation. The solution was made up to the calibration mark with 
water free from carbon dioxide, mixed and allowed to remain over night. 
Since the total precipitate of lead sulfate amounted to more than 15 grams, 
the quantity remaining in solution in the presence of the excess sulfuric 
add was too small to be significant. Four 100 cc. aliquot portions of the 
dear supernatant liquid were drawn off in a pipet. Duplicate titrations 
were made with standard alkali to determine the excess of acid. The 
alkali was a solution of sodium hydroxide containing a little barium 
hydroxide. Phenolphthalein was used as an indicator. In the remaining 
two portions the excess of sulfuric acid was determined by precipitation 
with barium chloride. In this precipitation the precautions recommended 
by Allen and Johnson 8 were observed. 

In the oxalate method the acetic add was added in the same manner. 
An excess of third normal sodium oxalate was measured in and the solu¬ 
tion made to volume, mixed, and allowed to settle. The aliquot portions 
of the supernatant liquid were titrated for free acetic acid with normal 
alkali and for excess of oxalate with potassium permanganate. 4 This 
method, on account of its greater convenience, was the main reliance. The 
two methods proved to be equally trustworthy. The lead oxalate is much 
less soluble than lead sulfate. The presence of the slight quantity of acetic 
add did not appear to increase the solubility appreciably. The acetic 
add was without influence upon the permanganate titration, provided it 
was purified by redistillation. 

The volume o£ the precipitate was computed in every instance and de¬ 
ducted from the c^brated volume of the flask. For this purpose the data 
of Schroder* for the density of precipitated lead sulfate are available, 
but no data exist on that of lead oxalate. Consequently this was deter¬ 
mined. The precipitated oxalate was washed by decantation and trans¬ 
ferred to a calibrated pycnometer. The pycnometer was nearly filled 
with water, which was then brought to boiling in a vacuum to remove air. 
After adjtljtmd^ and weighing, the contents of the pycnometer were 
transferredL_t^p < Gooch crucible and the weight of the dry precipitate 
“Quantitative Chemical Analysis,” Vol II, p 599 (1904). 

/iPR^^rbuch der Chemisch-Analytischen Titnrmethoden,” 7th Aufl., P 
plumetric Analysis,” 10th ed , p 245 
SSgfitmis Journal, 3*> 588 (1910). 

■Hk procedure was that recommended by McBride, Bull. Bur. Standards, 8, 
This Journal, 34» 393 (191a)* 

$$Pogg. Ann, Erg , Bd 6, 622 (1874). 
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was determined. From the data obtained the density of lead oxalate 
was found to be 5.28. In computing the total excess of reagent from the 
aliquot titer, the latter was multiplied by the ratio of the true volume 
of the solution to the actual volume delivered by the pipet. 

Inasmuch as the computation of results was troublesome until it was 
condensed to routine, it is considered advisable to illustrate, by specific 


instance, the final method used. 

Total normal acid added 

58 37 


Excess of acid, bv alkali titration 

17 26 


Normal acid equivalent to basic lead 

41 11 


41 11 X V* M W PbO 

PbO — - 

Wt of sample (28 86 g) 


is 89% 

Total Nf 3 oxalate added 

400 v 


Excess oxalate by permanganate titration 

16 ^6 


Oxalate equivalent to total lead 

383 9b 


Ditto in normal solution 

127 99 


Total lead equivalent minus basic lead equivalent 127 99 -41 11 - 

86 88 


„ - , , 86 88 X V. M W Pb(GII,0 2 ), 

Pb CjH, 0 2 ) 2 present = - , , „ 

Wt sample (28 86) 


4* 95% 


The computation from the analysis as sulfate was similar, the total added 
acid being the sum of the acetic and sulfuric acids. 

Synthesis of Basic Acetates. 

The usual methods of preparing the basic lead acetates have consisted 
of boiling the neutral acetate with varying quantities of lead oxide. In 
the present work the compounds were made by the interaction of the neu¬ 
tral acetate and a suspension of lead hydroxide. These reactions were 
in many cases very striking and, in contrast to the long period of boiling 
required in the case of the oxide, they occurred with great rapidity. 

A few instances will illustrate the ,e phenomena: 

In the preliminary work before the saturation curves had been located, 
a synthetic mixture was made up of about the composition 20% PbO. and 
15% Pb(C2H 8 0 2 ) 2 . The hydroxide was added in the form of a suspension 
in water. On shaking up the mixture there was an immediate solution, 
with the exception of a slight turbidity. Then after a few minutes the en¬ 
tire solution stiffened to a solid mass. This was due to the crystallization 
of Pb(C 2 H«02) 2 .2Pb0.4H 2 0. 

Another synthetic mixture was made up of compositive 20% PbO, 
53 % Pb(C 2 H 3 0 2 ) 2 . In order to prepare a mixture containing little enough 
water it was necessary to dry both the neutral acetate crystals and the 
hydroxide suspension, the latter to a stiff paste, in a desiccator. On weigh¬ 
ing out the components into a bottle the unmixed mass had the appear¬ 
ance of nearly dry solid material. After a few seconds’ vigorous shaking 
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the reaction occurred rapidly and the -whole mass Was transformed into 
|l mobile liquid. At the same time there occurred a very considerable 
absorption of heat. 

The Establishment and the Determination of the Equilibria. 

The equilibria were established m long narrow flasks of thin glass 


'Which 

were agitated m 

a motor-driven rotating frame under the 

water 
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Density 

Refrac 


Solution 


Residue 


of solu 

tive 

Sapt 



. 


Solid 

tion 

index 

No 

PbO 

Pb(CtHiOs)s 

PbO 

Pb(CiHiOt)* 

phase 

d 25/4 


X 

—o 27 l 

35 19 



Fb(C*H,0 *) 2 

326 


2 

-fo IO 

35 60 



3H2O 

334 

1 380 

3 

I OI 

37 H 




367 


4 

3 38 

38 93 




422 


5 

6 oi 

41 95 

2 85 

64 34 


531 


6 

9 47 

44 71 




658 


7 

14 22 

47 88 

9 44 

60 68 




8 

14 44 

47 92 




1 852 


9 

15 89 

48 95 

14 10 

60 99 

Transition 


I 456 

IO 

15 90 

48 42 

16 68 

58 84 

3 Pb(CiH«O s ) 2 

I 930 

I 456 

n 

16 25 

48 85 

16 63 

55 52 

PbO 

1 942 

I 4605 

t2 

16 29 

48 87 



3H2O 

1 941 


13 

16 65 

49 04 




1 956 


*4 

18 83 

48 71 

18 61 

58 98 


2 024 

I 467 

IS 

22 23 

48 52 

20 50 

60 05 


2 161 

I 4845 

16 

22 94 

48 96 

21 72 

57 06 


2 193 

I 491 

17 

23 28 

49 14 

21 81 

57 05 




18 

23 53 

49 01 




2 220 


19 

24 71 

49 22 

26 02 

52 90 

Transition 

2 282 

I 502 

20 

24 77 

49 20 

27 44 

52 12 

Transition 

2 279 

I 501 

21 

23 59 

43 17 



Pb(CsH*Oj)t 

2 048 

I 469 






2 PbO 








4 * 1*0 



22 

22 78 

40 78 

29 14 

40 39 


I 951 


*3 

19 63 

31 40 

25 14 

32 60 


I 657 


24 

18 73 

29 63 




i 599 

I 4<>9 

25 

14 62 

20 06 

35 00 

30 49 


1 382 

X 379 

26 

13 41 

19 65 




1348 


*27 

10 66 

12 99 




1 229 


*8 

8 47 

8 64 




1 157 


*9. 

8 08 

8 07 






30 

*7 «4 

5 36 






31 

7 87 

5 27 




1 119 


32 

7 1* 

5 25 




1 117 

I 344 

33 

7 17 

4 7i 



Pb(OH), 



34 

6*t84 

4 31 




1 100 

1 343 

33 

6 54 

4 25 

68 60 

I 39 


1 095 


36 . . 

5 91 

3 82 




1 085 

1 340 

37 * 

5 29 

3 40 




1 075 


3« 

0 20 

0 U 







1 Acidity expressed in terms of PbO 
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of * thermostat for At least 48 hours. The temperature of the bath was 
constant to about o.oi°. All experiments were made at 25.00°. In 
order to determine with certainty whether equilibrium was reached ih 
48 hpurs, the time of agitation in a number of experiments was increased 
by varying amounts. In these instances practically identical results 
withjw the error of experiment were obtained. See Experiments 7 and 8, 
11 aiid 12, 19 and 20, 31 and 32. Moreover, in general, the times of 
agitation were very varied, never less than 48 hours, frequently as long as 
seven days. The fact that smooth curves were obtained is further evi¬ 
dence that equilibrium was attained. 

After the mixture had reached equilibrium the flask Vvas placed in a 
rack in the thermostat to permit the solid phase to separate. In taking 
the sample the solution was drawn up into a pipet and a measured vol¬ 
ume delivered into a weighed 500 cc. volumetric flask. The flask and sub¬ 
stance were then weighed. This procedure gave the weight of the sample 
and, as the subsequent treatment was in the same flask, no further trans¬ 
fer of material was necessary. A knowledge of the volume and weight 
of the solution permitted a calculation of the density. The values to three 
decimals are given in the summary of data. 

In studying the solid phase the indirect method of Schreinemakers 1 
was employed. The supernatant solution was decanted and a portion 
of the solid with the adhering mother liquor shaken into the volumetric 
flask for analysis. 

The Solid Phases. 

As a study of the diagram, Fig. i, will reveal, there are four solid phases 
which can exist in equilibrium with aqueous ‘ solutions of the two solid 
components. 

The neutral lead acetate, Pb(C 2 H 3 0i{)2-3H 2 0, consists of brilliant mono¬ 
clinic prisms. It can exist in equilibrium with an aqueous .solution con¬ 
taining dissolved substance of it& own composition. It is also capable 
of existence in equilibrium with solutions containing as much as 15.9% 
basic lead, estimated as oxide. Its saturation curve is continuous with 
one extending into acid solutions. 

The tetra-lead-monoxy-hexacetate, 2 3Pb(C 2 H30 2 ) 2 .Pb0.3Ht0, consists 
of perfectly formed needles which may attain the length of 5 mm., but 
usually appear as small, lustrous, silky crystals whose form is difficult 
to recognize. It is exceedingly soluble in water and forms solutions 
of density, 1.93 to 2.28. It cannot exist in equilibrium with aqueous 
solutions of itself, but depends upon an excess of dissolved basic lead. 

1 Z. physik. Chem., n, 76; Bancroft, J. Phys. Chem ., 6, 179; Findlay, “Phase 
Rule/* 3rd ed„ p. 305. 

1 For nomenclature see Hoffman, “Dictionary of Inorganic Compounds,’ 1 Vdl. I, 
P- 44. 
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On atoooutrt: of the ami size and softness of the crystals, and the high 
density and viscosity of the mother liquor, it is practically impossible 
to isolate in pure form. It is probable that these experimental diffi¬ 
culties are responsible for the fact that its composition has rot pre¬ 
viously been correctly ascertained. To establish the formula of this 
compound six lines were determined. These gave rise to a large number 
of intersections, of which ten were at sufficiently large angle 4 o be 
considered representative of the solid phase. The mean of these ten 
was the accepted value. 

Cak. for 3Pb(C a H a 0 2 ) 2 Pb0 3H a 0. Pb(C a H|0 2 ) 2 , 77 9, H 2 0, 4 3, found 77 9 and 

42 

The apparent precision of the accepted value is somewhat deceptive* 
as the individual determinations are slightly scattering. 

The tri-lead-dioxy-diacetate, Pb(C 2 Ha02)2.2Pb0.4H20, has been iso¬ 
lated previously and its formula, with respect to the two solid components, 
correctly ascertained. It has been hitherto described as an amorphous 
solid and, in fact, as it usually occurs, it has that appearance. Neverthe¬ 
less, by slow evaporation of its clear solution it can be obtained in small, 
rather ill-formed, needles which leave no doubt of its crystalline charac¬ 
ter. Its saturation curve has a very great length, extending from 13% 
to 74% of dissolved substance. It is stable in contact with aqueous solu¬ 
tions of itself. 

Calc for Pb(C 2 H 8 0 2 ; 2 2PI1O 4H/) PbO, 52 9, H 2 0, 8 55, found 52 5 and 8 6 

Lead hydroxide, Pb(OH) li , is in equilibrium with solutions containing 
less than 4.8% of lead acetate. 

The Quadruple Points. 

At 25 0 there are three sharply defined quadruple points. The transi¬ 
tion mixture at B was obtained by approaching it with successive addi¬ 
tions of neutral acetate to the solution of the monoxy-acetate. 

The transition mixture at C was reached in two separate experiments, 
one a new synthetic mixture which was filtered and allowed to concen¬ 
trate in a desiccator, the other a mixture formed by addition of neutral 
lead acetate to a solution which was on the saturation curve CD. The 
solutions proved to be of identical composition; while the solid phases, 
as shown by the arrows, were mixtures in different proportions of the two 
solid phases in equilibrium with the two intersecting saturation curves. 

At the point D, the dioxy-acetate and lead hydroxide can exist in con¬ 
tact with the same solution. 

The Saturation Curves. 

The saturation curves in equilibrium with the four respective solid 
phases are in some respects noteworthy. The curve AB, representing the 
solubility of neutral lead acetate in basic solutions, shows a remarkably 
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high *ate of increase of solubility of the solid phase. In order to cause 
such a rise in solubility there must occur a more deep-seated chang e hi 
the solution than the mere admixture of two solutes. The curve is slightly 
convex toward the solid phase. The curve BC is approximately a straight 
line. The solution contains a nearly constant quantity of lead acetate 
with varying lead oxide content. Since the dioxy-acetate has a low tem¬ 
perature coefficient of solubility and the neutral acetate a high one it is 
conceivable that at some temperature in the neighborhood of o° this 



Fig. i.—Isothermal equilibrium at 25 °. The curves AB, BC, CD and DK repre¬ 
sent the composition of the solution in equilibrium with the respective solid phases 
The area ABCDE encloses the region of unsaturated solutions Note the great in¬ 
crease of solubility of the neutral acetate in basic solutions the high solubility and 
limited range of stability of the monoxy-acetate, and the very great range of stability 
of the dioxy-acetate. The data are computed with respect to weight per cent. 

small curve would be squeezed out of existence. At such temperature 
we should have three solid phases in equilibrium with the same solution 
and vapor and hence a nonvariant point. The curve CD in equilibrium 
with the dioxy-acetate shows again the great effect upon the solubility 
which a relatively slight change in the ratio of basic to neutral lead ex¬ 
erts. It is slightly concave toward the solid phase. The curve DE is 
practically linear. 



The pkrt, Fig. i, >wti cosafetrueifd sritik aedteraaofe <w8y to weight 
ceniages. If the data are plotted in molecular percentages, a diagram 
of the same general form results but of very much diminished area. On 
account of the high molecular weight of the lead compounds the moleeular 
percentages become very low. 

A study of the purely chemical equilibria enables us to understand some 
of the changes which occur in the solution and thus to predict, in some 
measure, the course of the saturation curves. I 

Starting at the point A of the diagram, we find neutral lead aqetate 
crystals in equilibrium with a solution of neutral lead acetate. We may 
suppose that the first equilibrium is between whole molecules thus: 

solid molecules in .solution 

(i) Pb(C 2 H 3 0 2 ) 2 Pb(C 2 H 3 0 2 ) 2 

neglecting the water of hydration. 

Undoubtedly the dissolved salt is then to some extent both ionized and 
hydrolyzed. However, it must be equilibrium (i) which determines the 
solubility of the crystals and the constant of that equilibrium must be 
maintained whatever subsequent reactions occur. 1 

Upon addition of lead hydroxide the first basic acetate which makes 
its appearance has the formula 3Pb(C 2 H 8 02) 2 .Pb0.3H 2 0. The solution 
does not become saturated with respect to the solid phase until about 15% 
of lead oxide is dissolved. Here again, an equilibrium between whole mole¬ 
cules of solid and dissolved basic acetate must exist. The solution repre¬ 
sented by the saturation curve AB of the neutral acetate must also con¬ 
tain this same molecular species although in a state of unsaturation. 
There must then be in the solution an equilibrium between the dissolved 
molecules of neutral acetate and those of the monoxy-acetate thus - 
(2) 3Pb(C a H 8 0 2 )2 + PbO [Pb(C 2 H 3 O i ) 2 ] 3 .PbO 
Now from this equation it appears that one molecule of lead hydroxide 
causes the disappearance of three molecules of neutral acetate. The 
equation would occur almost totally from left to right at the low concen¬ 
trations of the basic acetate. If then we add lead hydroxide to a satu¬ 
rated solution of the neutral acetate we cause a disproportionately large 
quantity of dissolved lead acetate molecules to disappear. But now the 
origi^l equilibrium between the neutral crystals and the dissolved neu¬ 
tral jjfaoleculas must be maintained, hence a large quantity of neutral 
acetate must go into solution. This would account for the astonishing 
increase of solubility of the neutral acetate in basic solutions. 

Of interest in this connection is the correlation of another phenomenon. 
Parsons* has shown that the freezing point of a lead acetate solution is 

1 This must be rigorously true for minute changes in the solution 
* J Phys. Chem , xs, 659 (1907). 
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raised fyy the addition of basic lead even although more solid substance 
is in solution. In his discussion he very justly pointed out that no evi¬ 
dence of a molecular complex then existed. If, however, Equation 2 
is substantially correct the addition of one molecule of lead hydroxide 
to three of acetate has caused the formation of but one molecule of the 
basic compound or a disappearance of three molecules. Since the low¬ 
ering of freezing point depends only upon the number of dissolved parti¬ 
cles, we should expect a rise and not a lowering upon the addition of basic 
lead. 

If we make the assumption that the constancy of equilibrium (1) is 
rigidly maintained throughout the wide variation of conditions repre¬ 
sented by the curve AB, we can make a further prediction m regard to 
the saturation curve. If wc continue the addition of lead hydroxide, 
the concentration of the basic acetate continually increases and gradually 
Equation 2 becomes important m the sense from right to left Thus 
at the farther end of the curve the addition of a small quantity of lead 
hydroxide must produce a smaller relative effect than at the low concen¬ 
trations In other words, the saturation curve should have, according 
to this theory, the convex shape which was found bv experiment 

The nature of the solution represented by AB undergoes some varia¬ 
tion between A and B in respect to basicity, viscosity, and density, and 
it seems at first somewhat violent to assume the constancy of Equation 
1 On the other hand, if we calculate in molecular per cent instead 
of weight per cent, we find that the point A corresponds to but 2 98% 
lead acetate and the point B to 6 93% lead acetate and 3 28% l^ad oxide. 
As far as molecular percentages are concerned, we are still dealing with 
fairly dilute solutions This justifies, to some extent, our assumption. 

The mechanism of the reac'ion cannot be supposed to be as simple 
as represented by Equation 2, but even so, we may say with certainty 
that the end members of the chain of reactions are just as represented, 
namely, neutral lead acetate molecules and basic lead acetate molecules, 
and whatever reasoning has been applied would be equally valid if the 
mechanism of the reaction included the products of ionization and" hy¬ 
drolysis 

With regard to the second saturation curve BC, mz , that in equilib¬ 
rium with the solid phase [Pb(C2H 3 0 2 ) 2 ]3.Pb0, let us suppose that we 
are following the curve from right to left. Neutral lead acetate has now 
acquired so great a solubility that the basic acetate is the more insoluble 
substance and separates from its own saturated solution As we continue 
to add lead hydroxide the following reaction becomes important 
( 3 ) [Pb(C a H 8 0 2 )2]*.Pb0 + 5PbO ^ 3 [Pb(C 2 H 8 0 2 ), zPbO] 

Here it requires five molecules of lead hydroxide to cause the disappear¬ 
ance of one molecule of the monoxy-acetate and we should expect just 



what happens much skwwar increase of solubility of 

the sohd phase with continued addition of lead hydroxide. Fuxthenante, 
since the dioxy-aoetate is a relatively insoluble substance it must reach 
its saturation after a relatively small addition of lead hydroxide. As 
we pass down the saturation curve BC of the solid phase 3Pb(C 2 H 8 0 2 ) 2 .- 
PbO we gradually increase the concentration of the dioxy-acetate, namely, 
Pb(CjHaO*)s.2PbO, until at the quadruple point C we increase it to its 
saturation point and it begins to separate. Further addition of lead hy¬ 
droxide converts the soluble monoxy-acetate into the relatively insoluble 
dioxy-acetate which immediately precipitates. Hence occurs the very 
rapid decrease of solubility as shown by the saturation curve CD. 

The convexity of the curve CD may be explained if we make assump¬ 
tions similar to those made with the curve AB. Let us start with the 
transition point D and approach C. This can be accomplished by adding 
neutral lead acetate to the saturated solution of the dibasic acetate. The 
reaction is then 

(4) Pb(C*H, 0 2 ) 2 . 2 Pb 0 + 5Pb(C2H 3 0 2 ) 2 ^ 2[(Pb(C 2 H 8 0 2 ) 2 )3.Pb0]. 
The increase of solubility would, according to our theory, depend upon 
the disappearance of the dissolved dioxy-acetate and the appearance of the 
very soluble monoxy-acetate. At first the concentration of the monoxy- 
acetate is low and the reaction proceeds almost entirely in the sense of 
the equation from left to right. As the concentration of monoxy-acetate 
increases the former reaction is opposed by the reverse equation and con¬ 
sequently the rate of increase of solubility diminishes. Thus the con¬ 
vexity toward the solid phase. 

The slope of the saturation curve DE of lead hydroxide possesses some 
interest. Upon adding lead acetate the following reaction occurs: 

(5) 2Pb(OH) 2 + Pb(C 2 H 3 0 2 ) 2 Pb(C 2 H 8 0 2 ) 2 .2Pb0 + 2H 2 0 

Since, with lead hydroxide as the solid phase, we are to from the region 
of stability of the neutral acetate, the latter cannot remain in considera¬ 
ble concentration, and since the hydroxide itself has but slight solubility, 
we should expect the dissolved substance to consist almost entirely of 
the dioxy-acetate. In this compound the weight ratio of lead acetate 
to lead oxide is o 73 while in the solution of the curve DE it is o 64. 
This indicates a slight excess of dissolved lead hydroxide which apparently 
acquires an increased solubility in solutions of basic acetates. „ 

If this latter conclusion is correct, reaction (5) will continue in the sense 
from left to right even after the point D has been passed and the solid 
phase has changed from the hydroxide to the dioxy-acetate. During the 
initial stages of the curve DC the addition of neutral acetate results only 
in an exhaustion of this dissolved hydroxide and makes no demands upon 
the dioxy-acetate. Consequently reaction (4) does not become predbnd- 
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riant until lead hydTOJpde is exhausted* As a result of this we find at the 
upper end of CD a slight but unmistakable change of curvature 

In conclusion, it is a pleasure to acknowledge the kind assistance ren¬ 
dered by Dr William Blum, of this Bureau, who made many valuable 
suggestions m regard to analytical procedure, and by Dr John Johnston, 
who read the manuscript critically 

Summary. 

1 The analysis of basic lead acetate was performed by measuring the 
volume of standard acid neutralized by the basic lead and the volume 
of reagent required for the complete precipitation of lead 

2 The synthesis of the basic acetates was accomplished by the inter¬ 
action of lead acetate and lead hydroxide Some of the accompanying 
phenomena arc described 

^ A theory of the course of the saturation curves is proposed 

4 The solid phases capable of existence arc 

Pb(QH30 2 )2 3H2O, brilliant monoclimc crystals It can exist in equi 
librium with acid and neutral solutions and with basic solutions contain 
ing as much as 15 9% lead oxide Its solubility m water is 35 50% 

3Pb(C 2 Hs02)2 PbO 3H2O crystallizes m needles It is exceedingly 
soluble m water and forms solutions of density 1 93 to 2 28 The sub 
stance is unstable m contact with solutions of itself For its existence 
in equilibrium with a solution there must be an excess of dissolved basic 
lead The solutions contain at the extremes of the saturation curve 
15 89% PbO, 48 95% Pb(C2H 3 0 2 ) 2 and 24 74% PbO, 49 21% Pb(C 2 H, 0 *V 
Pb(C 2 H 3 02)2 2PbO 4H2O consists of needles which may be so small 
as to seem amorphous It is capable of existence in equilibrium with solu¬ 
tions of itself but under such onditions has a solubility of but 13 3% 
Its saturation curve possesses a very great length The extremes of solu¬ 
bility are 7 4% PbO, 4 8% Pb(C 2 H 8 02)2 and 24 74% PbO, 49 21% 
Pb(C2H 3 0 2 ) 2 

Pb(OH) 2 is stable m equilibrium with solutions containing as much 
as 7 4 % PbO and 4 8% Pb(C 2 H 3 02) 2 

Bureau Of STANDAJU>a, 

Washington D C 

ON THE RHYTHMICAL PRECIPITATION OF FERROUS FERRI- 
CYANIDE AND FERROUS HYDROXIDE IN JELLY. 

By Hsnry Jsrmain Mauds Crsiohton 
Received September 23 1914 

When a drop of silver nitrate solution is placed on a thin layer of gelatin 
containing potassium dichromate, silver chromate precipitates out m 
circles which are concentric to the drop of silver nitrate Such precipita¬ 
tion of silver chromate has been investigated during the past few years. 
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by Ueaegaug mad other®. 1 Analogous phenomena have been observed 
by Uescgang 4 with mercurous chromate, lead chromate and Prussian blue, 
a ad by Morse and Pierce 2 with lead sulfate, silver carbonate, phosphate, 
bromide and thiocyanate, cobalt hydroxide, barium chromate and mer¬ 
curous bromide. This phenomenon of rhythmical precipitation is ex¬ 
plained by Ostwald’s theory of super saturation. 4 

Phenomena similar to the foregoing have recently been observed by 
the writer with Turnbull’s blue and ferrous hydroxide. 

The horizontal part of a glass tube 70 cm. long and 2 cm. in diameter, 
the ends of which were bent up at right angles, was filled with a 10% 
solution of agar-agar containing small quantities of potassium ferricyanide 
and sodium chloride. After the jelly had solidified, the vertical arms of 
the tube were filled with a dilute solution of sodium chloride, and an iron 
electrode, made from a clean wire nail, was placed in the liquid in each 
arm. An electric current having a potential gradient of 0.00679 volt 
per cm. was then passed through the jelly. 

Within a short time after the current was started, the end of the jelly 
near the anode became blue, and for four days the blue color continued 
to advance through the jelly. During the following twenty-four hours 
there was no perceptible advance of the color, but at the end of this time 



Fig. 1. 

a very thin f dark blue layer or disc was observed to have formed in the 
jelly at right angles to the axis of the tube. This blue disc gradually 
increased in thickness during the next few hours until it attained a width 
of 1 mm. This disc, which was more intense in color than the blue jelly 

1 R. E Liesegang, Z. physik. Chem 33, 365 (1897); 59, 444 (1907); 88, x (x9*4)i 
Morse and Pierce, Ibid., 45, 589 (1903); Bechhold, H., Ibid., 53, 185 (1903). 

* "Chemische Reaktionen in Gallerten,” Ddsseldorf, 1898. 

* Loc. cit. 

4 "Lehrb. d. allgem. Chemie,” 2 Aufl., 2, 778. 
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behind it, was separated from the latter by 3 mm. of practically colorless 
jelly. At the end of another twenty-four hours a second disc had formed 
which was separated from the first by 4 mm. of colorless jelly. In this 
experiment a new disc appeared every twenty-four hours, the discs forming 
in the direction of the flow of the electric current. The time at which 
each disc appeared, and the distance between each disc and the preceding 
one is shown in Table I. 


Table I. 

Turnbull’s blue discs Ferrous hydroxide discs. 


Number 

Time of appear- 
ance of disc 

Distance between 
consecutive discs 

Time of appear¬ 
ance of discs 

Distance between 
consecutive discs. 

of disc 

Days 

Mm 

Days 

Mm 

I 

O 


O 


2 

1 

4 0 

1 

3 

3 

2 

4 0 

2 

5 

4 

3 

5 0 

3 

3 

5 

4 

4 O 

4 

5 

6 

5 

3 5 

5 

4 

7 



6 

4 

8 



9 

6 

9 



11 

4 

10 



14 

6 


An experiment similar to the foregoing was earned out, except that the 
jelly contained small quantities of sodium chloride and phenolphthakin. 
The ferrous ions diffused into the jelly under the influence of an electric 
current having a potential gradient of 0.0093 v °lt per cm. The progress 
of the hydroxyl ions was followed by means of the phenolphthalein. The 
ferrous and hydroxyl ions, which were moving in opposite directions, 
met at the end of one hundred and fifteen days from the beginning of the 
experiment, and a dark green layer or disc of ferrous hydroxide was pre¬ 
cipitated in the jelly at right angles to the axis oi the tube. At the end 
of twenty-four hours, a second disc TTr at> observed to have formed. This 
was separated from the first by 3 mm. of jelly, colored pink by the phenol¬ 
phthalein. Every day or two a new disc formed, each being separated 
from the preceding by several millimeters of pink jelly. The discs formed 
in the opposite direction to the flow of the electric current. The time at 
which each disc appeared, and the distance between each and the pre¬ 
ceding one is shown in Table I. Fig. 1 shows a photograph of the ferrous 
hydroxide discs. The ferrous hydroxide discs always commenced to form 
at the bottom of the tube and continued to grow towards the top, always 
sloping m the opposite direction to the flow of the electric current. Some¬ 
times a new disc started to form before the preceding one was completed. 
In such cases the old disc ceased growing. The photograph shows several 
of these partially formed discs. 

The cause of the rhythmical precipitation of Turnbull’s blue and fer- 
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few hy d roxide may doubtless be ascribed to jwpersaturatioii phenomena. 
As the Fe+ + ions are carried into the jelly by the electric current, a meta- 
stable supersaturated solution with respect to Turnbull's blue first forms. 

Ultimately precipitation occurs and the FeCy«-ions in the neighborhood 

are removed; the Fe+ + ions then advance a few millimeters and form a new 
supersaturated solution, when the process is repeated. In the case of 
ferrous hydroxide, the OH” ions form a supersaturated solution with the 
Fe + + ions. After precipitation has taken place, the OH” ions must ad¬ 
vance a few millimeters before a sufficient number of Fe‘ f ' f ions are en¬ 
countered to form a new supersaturated solution. 

Chsmical Labora Tory, Swartkmors Collsob, 

SWARTHMORB, Pa 


[Contribution prom the Chemistry Department, Ohio State University ] 

THE SULFATE METHOD FOR STANDARDIZING A 
MAGNESIUM SALT SOLUTION. 

By C W Foulk and O R Swebnby 
Received September 1, 1914 

For a number of years one of us has had work in progress on the pre¬ 
cipitation of magnesium as magnesium ammonium phosphate, the object 
being to discover, if possible, the causes of the discrepancies among the 
results by different methods and especially those obtained by various 
workers with the same method. As the investigation progressed it seemed 
to fall more and more into a study of the preparation of pure material 
and of the art of measuring the substances produced, until finally it nar¬ 
rowed to the question of preparing and standardizing a solution of a mag¬ 
nesium salt. 

This trend of the work was an evolution rather than a part of the orig¬ 
inal program. At first a large amount of work was done in the way of 
comparing methods and of course different results were obtained. Differ¬ 
ent results were also obtained at times by the use of the same method. 
These differences were small and might have been due to impure reagents, 
improper handling or finally to lack of knowledge as to the exact concen¬ 
tration of the solution of magnesium salt used. As the subject was taken 
up by successive advanced students whose interest prompted them to 
undertake a share in the experimental work, new sources of error were 
found and studied. When these corrections were applied, they some¬ 
times had the effect of reducing or eliminating the discrepancies in the re¬ 
sults of the magnesium-ammonium-phosphate precipitations and sometimes 
they had the effect of making these discrepancies larger. The notes on 
the earlier part of this work were destroyed by the burning of the Chem¬ 
ical Building at the Ohio State University in 1904. A summary of the 
rest will be presented in a separate paper. 
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The lack of agreement in our results could, of course, be due to one, 
or to a combination of several causes, but the question of our knowledge 
of the content of the magnesium salt solution used seemed to be the 
most fundamental. Unless we could be absolutely sure of that, within 
our experimental errors, looking for other causes seemed a doubtful quest. 

In the previous work the general plan had been to prepare pure mag¬ 
nesium chloride and then to standardize the solutions made from this 
pure chloride by treating a measured portion with a slight excess of sul¬ 
furic acid, evaporating and igniting the residue under carefully regulated 
conditions. This method appears to have the best standing in the litera¬ 
ture, though it is not universally accepted. 1 

It gave beautifully concordant results, it is true, but that meant only 
that it might be right. Other methods also gave concordant results, 
but they differed from the MgS0 4 values. Which was right, was the ques¬ 
tion we wanted answered and our preliminary problem was to find a way 
to do it. It is not easy to test a method of measurement unless a more 
accurate method is at hand and it at once became evident that we must 
look beyond the range of th^ usual analytical procedures to find such a 
method for the magnesium salt solutions. 

In the preparation of the pure magnesium chloride, methods that had 
been used by atomic weight workers had been adapted, that is, we used 
the same purification processes but did not carry them quite so far. For 
example, recrystallizations were made only three or four times instead 
of nine or ten times. It seemed worth while, then, to see if more of the 
methods of atomic weight determinations might not be adapted to a prob 
lem of this sort. 

Richards and Parker, 2 in the determination of the atomic weight of 
magnesium, had used anhydrous magnesium chloride as the .starting 
point. This was sufficient to give that substance ample standing as an 
ultimate magnesium mate;ial if only the experimental difficulties of 
handling it could be overcome. It had the further advantage of being 
the very salt of which our standard solutions \ycre composed, so that if 
we succeeded in preparing the chloride and in quantitatively transforming 
it into the sulfate it would be at least strong evidence of the correctness 
of the sulfate method of standardization. Accordingly, this was the plan 
of work finally adopted, the details of which will now be given. 

Preparation of Material. 

Distilled Water. —The distilled water of the Ohio laboratory is prepared 
by boiling the ordinary tap water by means of a steam coil and condensing 
the steam thus formed in block tin, the water then being stored in a tinned 
copper tank. The original tap water is softened by the city water works 

1 Bube, Z. anal. Chem., 49 » 535 (19 m)- 
•Z. anorg, Chem., 13, 81 (1897). 







'with Him and soda ash and k then filtered through mechanical filters. 
This furnishes a high grade tap water containing little organic matter 
and carbon dioxide* The water used in this investigation was made by 
redistilling the ordinary distilled water from a Jena glass flask after the 
addition of a little sulfuric add and of potassium permanganate. The 
condenser was block tin, a wad of glass wool being used to prevent the 
carrying over of spray from the boiling. Only the middle portions of the 
water were collected. It was received and stored in “Resistenz” glass 
bottles which had been steamed out. 

Hydrochloric Acid .—This was prepared by dropping c. p. sulfuric acid 
into c. p. hydrochloric acid solution, sp. gr. i. 20, and receiving the evolved 
HC 1 in distilled water in a platinum dish which was set in a large glass 
vessel covered by a glass lid, provided with a tubulure for admitting the 
tube carrying the HC 1 gas. The evolution flask was arranged with a 
two-holed paraffin-soaked cork carrying a separatory funnel and the egress 
tube. No heat was applied. 

Ammonium Hydroxide .—The so-called c. p. ammonium hydroxide 
solution (0.90 sp. gr.) was heated in a Jen^flask and the NH 3 conducted 
through a Jena glass tube into water contained in a platinum dish which 



was protected from dust as de¬ 
scribed under the preparation of 
hydrochloric acid. A rubber 
stopper was used. 

Ammonium Chloride .—Various 
attempts to purify ammonium 
chloride by sublimation proved 
and finally the 
^^illustrated in Fig. 1 was 
used. Hydrochloric acid gas, 
generated in A, and NH 8 from B 
were passed into water in the 
platinum dish C till NH4CI be¬ 
gan to crystallize out. The 
saturated solution was then anal¬ 
yzed, and the volume required 
in the preparation of the double 
chloride of ammonium and mag¬ 
nesium was calculated. This 
preparation left no residue on 
ignition. 

Carbon Dioxide .—This was 
generated in a Kipp apparatus 
by the action of c. p. hydrochloric 


Fig. x. 
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add on marble. It was washed by passing it through KMn0 4 solution, 
water and sulfuric add. 

General Precautions and Tests of Purity,— All glass ware used was either 
of the Jena or Resistenz brand, and in all cases the vessels were steamed 
for an hour before using. In order to keep out dust, the reactions, if possi¬ 
ble, were made to take place in covered vessels provided with tubulures 
for admitting the reagents. When this could not be managed, the sub¬ 
stances were protected by dust shields or by watch glasses. Where the 
details of the method are not given below, it can be assumed that due 
precautions were taken. Ignitions were made with an alcohol lamp. 

The different salts, acids, ammonia and water used were all tested with 
the spectroscope and if a sodium line showed they were rejected. Since 
all the materials originally contained a little sodium it was assumed 
that the purification had been carried far enough for our purposes when 
the sodium was eliminated. 

Magnesium Salt.— The contents of an unopened bottle of c. p. MgCl 2 .- 
6H 2 0, containing 600 g. of the salt, were dissolved in 500 cc. of redistillfd 
water. Apparently this was an unusually good specimen of the salt. 
Treatment with H 2 S and a little NH 4 OH produced no precipitate and also 
no test for calcium could be found with (NH 4 ) 2 Cj 0 4 . Duplicate tests 
were made on portions of the solution to which very small quantities of 
the heavy metals and of calcium had been added and these portions at 
once gave positive tests with H a S and with (NHJ2C2O4. The spectro¬ 
scope, however, showed the presence of sodium. To effect the separa¬ 
tion from this metal, precipitation of the magnesium as the doubL car¬ 
bonate of magnesium and ammonium was employed. 1 

A number of experiments were first made to determine the best condi¬ 
tions for precipitation and finally the following was adopted: About 25, 
•cc. of the concentrated magnesium chloride solution were placed in the 
platinum dish A, Fig. 2, and ailuted till the dish was nearly full. Am¬ 
monia produced in the still B, and carbon dioxide, made and washed 
as described above, were now led into the solution a$ shown in the figure. 
Cold water was kept circulating around the dish by means of the tubes 
shown at H. Both the NH* and C 0 2 were passed into the solution for 
two hours when the NH 8 was stopped and the current of C 0 2 allowed 
to continue for twenty minutes more. This caused the precipitate to 
take dh a crystalline form, that made it easy to handle. The dish was 
finally removed from its container and the salt washed 40 to 50 times by 
decantation. The precipitate was then transferred to a platinum funnel, 
containing a finely perforated platinum cone, on which it was washed 
for about four hours, after which it was transferred to a platinum dish, 
covered with a watch glass, and heated in a hot air oven till no more odor 
1 Bray, This Journal, 31, 611 (1909)- 
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of ginnumla cotfld be noted* Tbe «lt so obtained was labeled Prepm* 
tion I. 


The spectroscope showed no sodium, and quantitative tests for calcium 
and platinum gave negative results. This procedure of treating 25 cc. 
portions of the original magnesium chloride solution was repeated until 
a sufficient amount of Preparation 1 was obtained. 

Preparation II was next made by dissolving portions of No. I in HC1, 
in the large platinum dish in the apparatus used before, and precipitating 
and washing as described above for Preparation I. This salt was also 
tested spectroscopically and showed no sodium. 

Double Chloride of Ammonium and Magnesium .—A suitable amount 
of Preparation II was placed in a large platinum dish, covered with water 


ea. 



and hydrochloric acid 
gas passed in till the 
salt was dissolved. 
Ammonium chloride 
in slight excess of the 
amount to make 
MgCl-NH 4 Cl wasthen 
added. (The approxi¬ 
mate amount of mag¬ 
nesium in Preparation 
II had been deter¬ 
mined.) The mixture 
m the dish was evap¬ 
orated just to dryness 
over an alcohol lamp, 
after which the result¬ 
ing mass was dissolved 
in water and crystal* 
lized. The first crop 
of crystals was again 
dissolved and recrys¬ 
tallized. The product 


% Fig 2 * so obtained was pre¬ 

served and qjarked 

Preparation III. All reagents used in preparing it were the pure ones 
described above and all the operations were carried out in platinum. The 
greatest mipautions against Sust were also observed. 

A numbqr pf portiwM^ere discarded, because, during the evaporations* 
a seqm gathered on the surface of the solution. The nature of this sc w* 
was not learned, further than that it was completely volatile. 
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A^paratu for the Preparation of Anhydrous Magneerom Chloride end 
its Conversion into Magnesium Sulfate, 

Magnesium ammonium chloride, when heated in a current of dry hydro* 
chloric acid gas, loses water and ammonium chloride and leaves a residue 
of magnesium chloride which can be fused in order to free it from the 
last traces of volatile matter. The anhydrous magnesium chloride is, 
however, so hygroscopic that it must, at all times, be protected from the 
least trace of moisture. Richards and Parker, 1 in their determination 
of the ratio 2Ag : MgCla, used the well-known Richards apparatus, which 
permitted the bottling of the boat containing the magnesium chloride 
before it was exposed to the air of the laboratory. Such an apparatus 
with its specially ground glass connections was, however, not available 
for us and we therefore were obliged to find a substitute, the details of 
which can be seen from Fig. 3. It is perhaps needless to say that this 



apparatus, crude as it may be, was the result of much experimenting be¬ 
fore a workable combination was obtained. Its operation was as follows. 

The hollow, ground-glass stopper G was removed and the platinum 
boat containing a portion of the double chloride was pushed into place in 
the combustion tube A, which was supported in a long combustion fur¬ 
nace. The weighing bottle D and its stopper B were next put into 
the bottling chamber C, wb^'ch was then closed by the stopper G. 
Dry HC 1 was next passed into the apparatus through the tube sealed into 
the stopper G, the combustion tube was heated to the requisite tempera¬ 
ture, the HC 1 was displaced by dry air and when fhe whole had cooled 
down to the temperature of the laboratory, the boat was pushed back 
into the weighing bottle by means of a long glass rod operated from the 
other end of the combustion tube. The stopper was likewise pushed 
into the weighing bottle, after which the bottling chamber was opened 
by removing G and the weighing bottle taken out to the balance. 

In the construction of this apparatus the difficulty that seemed hard¬ 
est to overcome was the matter of the connection between the combus¬ 
tion tube and the bottling chamber. In the Richards apparatus, which 
was our model, this was effected by a ground-glass joint. It served the 
l Loc . cii. 
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im toecedfcry purposes of giving 1 tight connection and yet making 
disconnecting easy for inserting the weighing bottle. We had, however, 
no means for grinding such joints and therefore had to meet the situation 
in some other way. Experiments showed that dry HC 1 acted upon rub¬ 
ber stoppers, but appeared to have no effect upon paraffin. A paraffined 
cork therefore suggested itself. The two important objections, the low- 
melting point of paraffin and the nuisance of melting in the joint for each 
determination, were overcome (1), by using a very long combustion 
tube so that the joint did not come near the furnace, and (2), by having 
the opening into the bottling chamber at the other end. 

This permitted the use of any suitable piece of stock apparatus already 
provided with a ground stopper carrying a sealed-in tube for connection 
with the HC 1 generator and air supply. Such a stock piece was found 
in the ordinary gas washing bottle. One about 24 cm. long and 6 cm. 
in diameter was taken, the bottom was cut off for the insertion of the cork 
with the combustion tube and one of the tubes through the stopper was 
closed, the other serving for the connection with the drying train. This 
made an excellent bottling chamber and permitted a permanent connec¬ 
tion with the combustion tube. This was accomplished by using a cylin¬ 
drical cork F, so that it could be inserted its full length into the bottling 
chamber. This cork, after being bored, was dipped into melted paraffin „ 
the combustion tube was then inserted and the cork pushed into place. 
The apparatus was then supported in an upright position and melted 
paraffin was poured through a funnel onto the cork till a thick layer was 
produced, the end of the combustion tube being left almost flush to avoid 
the pocketing of gas behind it. This gave a strong joint that withstood 
perfectly the handling it received. Owing to the length of the combus¬ 
tion tube and protection shields of asbestos board, not the least softening 
occurred. It was not called upon to withstand pressure and consequently 
remained tight. The most careful watching failed to show any action 
of the HC 1 gas upon the paraffin or any penetration of the gas to the cork 
under the paraffin. 

The handling of the stopper of the weighing bottle was facilitated by 
the construction of a trough from two narrow glass plates in the bottom 
of the bottling chamber, a cross-section of which is shown at H. The 
cork F had an eccentric boring so that the end of the combustion tube 
came opposite the opening of the weighing bottle as it lay in the trough. 
The bottling chamber was long enough so that, after the boat had been 
pushed into the weighing bottle by means of a long rod inserted from the 
other end, die bottle itself could be pushed back a little to allow the stop¬ 
per previously placed* on it to fall down in front of the mouth, from which 
position it was easily pushed into place and could be tightened by light 
blows with the end of the rod. 
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Tte apparatus fpr generating and drying the HC1 gas and lor drying 
the air is illustrated in Pig. 4 . A, A, A, A are gas washing bottles. These 
were half filled with concentrated sulfuric acid. The bottle B was of 



Fig. 4 


the same size and design. The large tube C and the two-way cock D 
and tube E were sealed to the tubes through the stopper. Hydrochloric 
acid gas was generated by dropping concentrated sulfuric acid from 
the buret C into concentrated hydrochloric acid solution in B. 

On first trying this apparatus it was found that the back pressure 
was so strong that the HC1 gas was forced up through^ 
the column of H*S0 4 in the buret. To prevent this, the 
arrangement of T-tubes and rubber tubing, as shown in 
tjfc drawing, was put on. This was connected to the air 
Ippply of the laboratory, the pressure of which, for our 
purposes, was regulated by inserting a T-tube dipping 
into a mercury well as shown in Fig. 5 . The supply of 
air was kept at such a point that a slow stream of bub¬ 
bles constantly escaped through the mercury. By closing 
F and setting the two-way cock D so that an opening from 
B to A was provided, and leaving G open, an air pressure 
of any desired amount, as controlled by the regulator 
above, could be maintained over the acid in C When Fig. 5 







C. W. PQVUK AJfD 0 , H. 9 WBWWV. 


ail** 

the stream of hydrochloric add was to be replaced by air, the two-way 
cock was turned so as tb disconnect B and connect the tube E with the 
tube I, By closing G and opening H a current of air could be sent 
through the washing bottles. By opening F any HC 1 gas still coming 
from B could escape through C to the drain. 

The washing bottles themselves were connected by joints made from 
Kotinsky’s cement, as shown in Fig. 6. A and B are the glass outlet 

and inlet tubes, respec¬ 
tively, of two bottles. C 
is a short piece of glass 
tubing, large enough to 
slip loosely over the otlm two. The space between was filled- with the 
Kotinsky cement. 1 Thilfcrrangement made a very strong and satisfac¬ 
tory joint,, ' 

The suction and absorption flask illustrated in Fig. 7 was employed 
for disposing of the fumes from the treatment of the double chloride 
and it also served, it is believed, to prevent a back current of laboratory 
air into the main apparatus. e 
The tube A fitted loosely over 
the end of the combustion tube, 

So that when suction was applied 
at B a steady current of air 
ftpwed through the space between 
the two tubes carrying the am¬ 
monium chloride and hydro¬ 
chloric acid into the sodium hy¬ 
droxide solution. This arrange¬ 
ment was preferred to a direct 
connection with the combustion 
tube, because it did not produce Fig. 7. 

reduced pressure in the apparatus with consequent danger of moist air 
leaking in and because it was easily handled and did not clog with sqfid 
ammonium chloride. As a final point in the construction of the apparatus 
it should be mentioned that the ground-glass joint of the bottling ch ftpr 
and the two glass cocks on the HC 1 generator were lubricated with syt&fl* 
phosphoric acid. 

Weights dnd Balance .—The weights used were gold plated, from Sar- 
torius. They had been calibrated by the Bureau of Standards and were 
marked N-5543. The balance was a long arm Troemner. Dishes of 
sulfuric acid were kept inside the case. 

Method of Weighing .—All weighings were made by the method of 
tares. The magnesium chloride and the magnesium sulfite, excepting 
1 This Journal, 30, 13 (1908). 
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where the crucible method (see below) was used, were in a platinum 
boat which was contained in a glass-stoppered weighing bottle. Another 
bottle of similar size and shape was tared against this one in such a way 
that it was a trifle lighter than the first one plus the empty platinum 
boat. 

In the crucible method for the conversion of the chloride into the sul¬ 
fate the same method of weighing was used. The crucible containing the 
sulfate was put into a short, wide-mouthed weighing bottle, which was 
counterpoised by another one of the same size and .shape carrying an 
empty crucible. 

In all cases after removing the weighing bottle from the ‘ combustion 
apparatus it was placed, together with its tare< in a desiccator over sul¬ 
furic acid and left for several hours. On being taken out for weighing, 
the glass pieces were wiped with a dry cloth and lef^on the balance for 
about an hour. When the empty boat was weighed, it was first heated 
to glowing and placed at the side of its weighing bottle in the desiccator 
to cool. When cool the desiccator was opened, the boat put into the 
bottle and the stopper inserted. This operation required only a few 
seconds. A similar procedure was employed in obtaining the weight of 
the empty crucible for the sulfate method. 

Typical Operations. 

(1) Conversion of the Double Chloride into Anhydrous Chloride .—The . 
platinum boat, previously weighed, was filled with Preparation III and 
placed in the combustion tube, about three-fourths of the length of the 
tube distant from the bottling chamber. The weighing tube with its 
stopper was next placed in position in the bottling chamber which was 
then closed. The absorption apparatus at the other end of the tube 
was now put into place and the suction started. A current of dry HC 1 
was passed through the apparatus and continued till all the air was dis¬ 
placed, when two low flames were started at a distance from the boat 
so that the current of HC 1 was warmed. This was continued until the 
water was driven out of the salt, a point easily recognized by experience. 
More burners were then lighted in such a series thdt the heat was very 
gradually increased. When the ammonium chloride was all expelled, 
burners were lighted along the full length of the tube so as to obtain 
the maximum temperature around the boat for the purpose of fusing 
the MgCl 2 . Occasionally an extra Bunsen burner was necessary to 
accomplish this. The chloride was kept in a molten state for about ten 
minutes, after which it was gradually cooled by turning off a few’ burners 
at a time. When cool, the current of HOI was replaced by one of dry 
air, which was continued till all of the HCl was driven out. The absorp¬ 
tion apparatus was then removed and the boat pushed back into the weigh¬ 
ing tube by means of a long rod. The stopper was next pushed into place 
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and tapped fast. The current of air was then shut off and the bottling 
chamber opened fat removing the weighing tube. 

(a) Conversion of the Chloride into the Sulfate .—Two methods were em¬ 
ployed which may be designated as (a), the boat method, and ( 6 ), the 
crucible method. 

(а) The Boat Method .—The anhydrous magnesium chloride in the boat 
was covered with dilute sulfuric acid containing o. 16 g. H 8 S0 4 per cubic 
centimeter. The excess of water was evaporated on a steam plate—a 
cast iron box through which live steam circulated—in an apparatus as 
shown in Fig. 8 . 

The boat B was placed' in a large glass tube A which was laid on 
the steam box C. A current of air, washed with sulfuric acid and fil¬ 
tered through a wad of glass wool, was passed through the tube A to 
m hasten the evaporation and 

also to protect the contents of 
the boat from dust. When 
the bulk of the water had 
8 - been removed in this way the 

boat was placed in the combustion apparatus, the excess of H 8 S0 4 driven 
off and the resulting MgS0 4 ignited to constant weight at a low red heat. 
It was then bottled and weighed as described above for MgCl 2 - 

Trouble was at first experienced during the evaporation of the dilute 
arid by a tendency of the magnesium sulfate to creep over the sides of 
the boat. This was remedied by smearing the edges with a trace of vase¬ 
line. Blanks were run to prove that no residue was left by the vaseline. 

( б ) The Crucible Method .—This consisted in dissolving the chloride and 
transferring it to a platinum crucible before transforming it into the sul¬ 
fate. The method was used merely because it more nearly resembled 
the conditions that would obtain in the actual standardization of a mag¬ 
nesium chloride solution. By way of preparation for this method, the end 
of the combustion tube was raised slightly while the chloride was in a 
molten state, thus causing it to collect in one end of the boat, where it was 
allowed to solidify. Melted magnesium chloride does not wet platinpni; 
consequently, this operation was very successful. The transfer to the 
crucible was made by putting the end of the boat containing the cUoridm 
into the crucible, where it was covered with a little dilute sulfuric arid. 
After solution was complete the boat was rinsed off, dried and examined 
for traces of salt that might remain. This manipulation seems more 
difficult than it really was, for it was possible to remove all the chloride 
from the boat without filling the 30 cc. crucible more than half full. 

The excess of water was driven off by heating on the steam box amder 
the protection of an inverted funnel, the bell of which had upturned 
for collecting the condensation. A current of air, filtered and emihrd 
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as described above, was passed through the funnel during the evapora¬ 
tion. The excess of acid was driven off by heating in a small por cel ain 
drying oven. The final ignition of the sulfate was made by setting the 
crucible on a small platinum triangle in a larger crucible also of platinum. 
The outer crucible was heated so that the temperature between the two 
was 700°, as measured by a Hoskin's pyrometer. The crucible contain¬ 
ing the sulfate was coolled in a desiccator over sulfuric acid and when cool 
was set into a wide-mouthed weighing bottle closed with a ground-glass 
stopper. Ignitions were always made to constant weight and on two oc¬ 
casions the treatment with sulfuric acid was repeated. 

Two or three complete operations were at first carried through to be¬ 
come familiar with the manipulation and then the following, using Prepara¬ 
tion III, were made: The calculated values in Column 3 were obtained 
by multiplying the weights in Column 1 by 1.26407. In deriving this 
factor the atomic weights in the 1914 table were used. Weighings were 
not corrected to vacuum since the difference in the specific gravities of 
the two substances—MgCli 2.18, and MgSO* 3.66—is so small th$£ 
the error introduced by disregarding it is negligible in comparison with 
the errors as given in Column 4. The letters 6 and c in Column 1 indi¬ 
cate the boat method and crucible method of transforming the chloride 
into the sulfate. 


MfCk taken. 

MgSOi obt 

MgSO« cal. 

Error. 

0.7530 b 

O 9520 

0.95x8 

+0 0002 

0 1374 b 

0 1733 

0.1737 

—0 0004 

0 4027 c 

0.5094 

O.5090 

4-0 0004 

0.5312 c 

O.6714 

0 6715 

—O OOOI 

0 6957 b 

O 8794 

O.8794 

0 OO00 

0.5457 c 

0.6900 

O.6898 

4*0 0002 


In all, 3.0657 g. of MgCl 2 were transformed into MgSCh, giving 3.8755 g. 
The calculated amount is 3 8751 g. 

Discussion. 

Of the six experiments carried through, four gave good results and two, 
the second and third, have rather large errors. We 'have no explanation 
to offer for these, since there was nothing observed in their carrying out 
to suggest that they were different from the others. It is to be noted that 
one is by the boat method and one by the crucible method and that one 
carries a minus and one a plus error. Indeed the plus and minus errors 
are so distributed in the whole series that they may fairly be ascribed 
to manipulation rather than to impure materials or to some inherent 
source of trouble in the nature of the reaction. 

We regret greatly that time did not permit carrying through at least 
twice as many experiments but, as it is, we believe that the results add 
*naterially to the evidence in favor of the correctness of the sulfate method 
for standardizing a magnesium salt solution. 
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Alter all, though, if work of this type has any value it is not so likely 
to lie let the actual results obtained by the first attempt as in the general 
suggestion it offers for such studies of the more important analytical re¬ 
actions. It is at any rate the intention in this laboratory to carry out 
other investigations of a similar kind. 

Summary. 

In this article there has been described: 

x. The preparation of pure magnesium salt for use as a standard in 
analytical work. 

2. An easily constructed piece of apparatus by which material can be 
heated in a combustion tube and transferred to a weighing bottle with¬ 
out exposure to the air. 

3. A set of experiments in which anhydrous magnesium chloride was 
transformed into magnesium sulfate. 

Columbus. O. 

BEHAVIOR OF AMMONIUM PHOSPHOMOLYBDATE WITH AM¬ 
MONIUM HYDROXIDE. 

By Pulxn Bxhari Sircar. 

Received September 15 , 1914 . 

In the Woy 1 method of estimation of phosphates, the phosphoric add 
is first precipitated as ammonium phosphomolybdate, which is then dis¬ 
solved in ammonia and reprecipitated by magnesia mixture. Evidently, 
in solution, free phosphate ions exist. 

Gibbs* has made a thorough investigation of these reactions and he has 
shown that the ammonium phosphomolybdate dissolves in ammonia 
and on allowing the ammoniacal solution to stand, glistening needles or 
prisms, having the composition 2(NH 4 )*P04.5Mo0 a .7H*0 separate out. 
The present investigation was undertaken for a fuller study of the sol¬ 
ubility of ammonium phosphomolybdate in ammonium hydroxide. A 
pure sample erf ammonium phosphomolybdate was prepared by precipi¬ 
tating a solution of sodium-hydrogen phosphate with ammonium molyb¬ 
date. The predpitate was then washed free from mother liquor and 
dried. The dry yellow powder was placed in a beaker and an excels <4 
strong solution of ammonia was added to it and stirred; a white crystalline 
salt was at once thrown down with evolution of heat. 

This white substance was immediately dried by pressing between the 
folds of bibulous drying paper and analyzed. The substance was not 
put in a desiccator but dried in air. 

Calc, for (NH4)iMo*0»4NH»: Mo - 4911; N - 17 88; H « 4.42; found: Mo - 
49.8; N (by Kjddahl) • X7-25J H (by combustion) - 4.15. 

1 Chem. Ztg., ax, 442. 

* Am. Chm , 5, 361, 39*» etc. 
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A dozen preparations were undertaken in which the strength of ammonia 
was varied, but invariably the same crystalline substance was obtained, 
as was determined by quantitative analysis. 

That it was not a mixture of two or more substances was proved in the 
following way: A sample, freshly prepared, was taken at random, care¬ 
fully washed with distilled water, dried and analyzed. 

Found for washed portion: Mo = 49.22; NH, (by Kjeldahl) - afo.6; found for 
unwashed portion: Mo = 49 - 35 . NH» (by Kjeldahl) « 20.7. 

Thus we see that a definite compound, having the composition 
(NH02Mo2O 7 .3NH 3 , 

is obtained as precipitate by adding strong solution of ammonia to ammo¬ 
nium phosphomolybdate. It has been found, however, that the sub¬ 
stance gradually loses ammonia and if we put the salt in a weighing tube 
it very gradually loses weight and the smell of ammonia is given off. At 
the same time the crystals crumble to a white powder. Moreover, that 
the ammonia in the compound is loosely combined is shown by its peculiar 
behavior in the determination of nitrogen. On heating the substancJb 
during analysis about three-fifths of the total nitrogen is immediately 
given off and the remaining two-fifths is collected after a long time on 
prolonged heating. That the salt of the composition (NH^MoaOf^NH* 
gradually loses ammonia was shown by the following comparative tests: 

0.1870 g. of the salt gave, by the Kjeldahl method, o 0383 g. of am¬ 
monia, or 20.5%. 

On the very next day 0.5249 g. of the same sample gave o. 1029 j. of 
NH*, or 19.6% ammonia. 

The final and stable product oS decomposition was then carefully anal¬ 
yzed: 

Calc, for (NHOiMojO?: Mo «= 56.48; N « 8.23; H * 2.48; found: Mo ■ 56 - 35 # 
N (Dumas method), 7.8; H (by comb stion), 2.81. 

Hence the substance (NH^MoaOr^NH* obtained as precipitate de¬ 
composes into the dimolybdate (NH^sMo/):- But# sometimes a little 
phosphoric acid, varying from o. 1 to o. 2%, has been found, which is prob 
ably adsorbed with the crystals. 

If the ammonia used is very dilute we do not get an immediate precipi¬ 
tation on its addition to ammonium phosphomolybdate, but if the solu¬ 
tion is allowed to evaporate, generally at first crystals of ammonium 
Molybdate, having the composition (NH^jMojCb^NHj, separate out. 
Very seldom we get the salt described by Gibbs. , 

But if we add a large excess of strongest solution of ammonia available, 

first the same crystalline substance is obtained, which on further addi¬ 
tion of ammonia dissolves, and after a short time a gelatinous, flocculent 
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ptedpitfctfe appears. Alter vigorously stirring stud allowing to settle, a 

precipitate thus obtained was then churned from the mother Hqttor by 
strong suction and dried by means of blotting paper. It was extremely 
hygroscopic. The precipitate was found to be absolutely free from 
molybdate. On analysis it gave the following results: 

Calc, for (NH«),HP0 4 ; PO* - 7199; N - 21.3; H - 6.8; found: P0 4 - 7186, 
W (Dumas) *» 21.9; H — 6.5%. 

Evidently on adding a large excess of strong solution of ammonia the 
salt of the composition (NH^iHPO* is obtained. Now the dimolybdate 
(NHOaMofO: is rather sparingly soluble and the substance (NH^sMojO?.- 
3NH« is much more soluble, but on adding excess of ammonia, evidently 
a compound containing ammonia much in excess to the compound de¬ 
scribed above is formed which is very easily soluble and hence remains 
in solution and only ammonium hydrogen phosphate is precipitated. 
These relations will be clear from Table I. 


Specific 

•rarity 

of 

ammonia 

lined. 

Weight of 
ammonium 
phosphoatolyh- 
date taken 

Volume of 
the solution 
of am¬ 
monia used. 

Table I. 

OramA 

Cc 

Observation 

O.9O 

9*5 

40 

Extremely hygroscopic crystals 0! (NH 4 )*HPt>* 
were obtained as precipitate. 

O 91 

9 45 

2 5 

Prismatic crystals of (NIUbMotOr.jNHi were 
obtained as precipitate 

O 92 

9 5 

1 1 

No precipitate: but on allowing the ammontacal 
solution to evaporate, first, all the molyb¬ 
denum appears as (NH 4 )sMosOt 3NH1 and 
then phosphoric acid as (NH4)*HP0 4 . 


Incidentally, crystals of ordinary ammonium molybdate were analyzed 
and it was found to correspond to the formula (NH4)sMo702 4 .4H*0; 

Calc, for (NH4)*MotQ*.4HjO. Mo « 54 - 37 , N “ 6 . 8 ; found: Mo *» 54.37. 
N - 7.38. 

Summary. 

The addition of ammonium hydroxide of medium strength to ammo¬ 
nium phosphomolybdate usually produces a crystalline deposit having 
the composition (NH4)tMos07.3NH 3 , on the addition of strongest am¬ 
monium hydroxide available, hygroscopic crystals of the composition 
(N , H 4 )tHP04 are obtained. 

In conclusion, I offer my best thanks to Professors Ray and Bhadufi. 

* 

CttVttICAL La»o»ato*y. Pft*»I0«NCY Couioi. 

Calcutta. 
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THE USE OF HYDROFLUORIC ACID IN THE SEPARATION OF 
COPPER AND LEAD FROM TIN AND ANTIMONY 
BY MEANS OF THE ELECTRIC CURRENT. 

By LiRoy W. McCay. 

Received July 22 . 1914 . 

A few years ago I published in This Journal 1 a paper on a method for 
separating antimony from tin. The method is based on the fact that when 
antimonious oxide and stannic oxide are present in a hydrochloric or sul¬ 
furic acid solution containing some hydrofluoric acid, the introduction of 
a stream of hydrogen sulfide into the solution occasions a precipitation of 
antimonious sulfide only. If the antimony be in the higher state of oxida¬ 
tion and sufficient hydrofluoric acid be present it undergoes at first no 
change when its solution is treated with hydrogen sulfide. On continued 
action of the gas, the solution becomes slightly turbid from the separation 
of a small amount of sulfide of antimony, but this turbidity disappears 
at once when the solution is warmed. Copper and lead and a number 
of other heavy metals in hydrofluoric acid solution behave like antimonious 
antimony; they are thrown down completely by hydrogen sulfide. , 

The analogy between the behavior of solutions of the metals when treated 
with hydrogen sulfide and when subjected to the action of the electric 
current led me sometime ago to the belief that from a hydrofluoric acid 
solution containing both antimony and tin in the higher states of oxidation, 
the electric current would precipitate neither metal. Such, indeed, turns 
out to be the case. If copper, or lead, or both, be present along with the 
antimonic antimony and stannic tin, and the solution be a nitrohydro- 
fluoric acid one, the copper is deposited at the cathode, the lead as the 
peroxide at the anode. 

There can be no doubt but that other heavy metals can be separated 
from tin and antimony in a similar way. 

Those who have had much to do with the chemistry of tin and anti¬ 
mony are familiar with the ease with which their compounds undergo 
hydrolysis. Particularly marked is this phenomenon in the case of salts 
of antimony. The presence of hydrofluoric acid, however, even in com¬ 
paratively small amounts, inhibits entirely all tendency on the part of 
these two metals to form insoluble basic compounds. We can dilute 
a tin or antimony solution containing a little hydrofluoric acid indefinitely 
without the resulting liquids becoming turbid. 

Nitric acid converts tin into insoluble metastannic acid, antimony 
into a mixture of antimonious and antimonic oxides which are almost 
insoluble in the concentrated as well as in, the dilute acid. If, however, 
to the nitric acid a little hydrofluoric acid be added we obtain the best 
of all solvents for antimony and tin and their alloys. Dilute nitric acid 
* 3*i 373 (1909)- 



I4O0Y W. KeCAt 


*»* 

: 4) containing a sandl amount of hydroA u cnteacid Wdf, when 1 g&Hfy 
warmed, tftesehrts in le«>*thafl 5 mintites over ©nfc gram of" b*tinMaiitimony 
alloy, provided the material be in a finely divided condition.' 

It matters not how rich the alloys are in tin or lead, the resulting solu¬ 
tions are clear and limpid. In all my work I use as a solvent 25-50 cc. 
of dilute nitric acid (1 : 4) to which 5 cc. of 48% hydrofluoric acid 1 have 
been added. Of course, the solutions are made in platinum. In the cir¬ 
cumstances, all the tin, but only a part of the antimony, is converted into 
the higher state of oxidation. To complete the oxidation of the antimony, 
a saturated solution of potassium bichromate has proved best. I add it 
drop by drop with constant stirring until the pure green color of the warm 
solution takes on a slight yellowish green tint. The stirring is done with 
a platinum spatula tied to the end of a short stick. The chromic salt and 
small excess of chromic acid have no influence on the separation of the 
copper and lead from the tin and antimony, or on their subsequent de¬ 
termination. It is an interesting fact that, in the separation of copper 
from tin, a little platinum is dissolved at the anode and partially repre¬ 
cipitated along with the copper at the cathode The amount dissolved 
is variable, but seems to increase with the amount of tin present. It 
appears in the form of a black powder, or very thin film, when the copper 
deposit is dissolved in nitric acid. The film can be readily removed by 
gently rubbing the surface of the dish with a bit of rubber on the end of 
a glass rod. The amount, so far as the eye is concerned, appears to be 
considerable, and yet when the powder is filtered off, ignited and weighed, 
it rarely amounts to more than half a milligram. I have found that by 
first coating the anode with a film of lead peroxide the copper comes down 
free from platinum. Since, however, any platinum in the copper can be 
determined rapidly and with great accuracy, 1 do not think we gain any¬ 
thing by using an anode coated with lead peroxide. The current from one 
or two storage cells was employed in my work. 

Experimental. 

Separation of Cqfjggj' from Tin .—The copper solution used contained 
20.001 g. pure^ptoevitriol in a liter of water. 

f (jSjjpnated. 25 cc. * 0.1274 Cu; found. 25 cc. 0,1275 Cu. 

The tiw.&Bd was a well-known German firm’s best, and in order that the 
solvent migfyt attack it most readily I had the machinist convert it into 
thin turnings. The weighed sample of tin was placed in an ordinary 
Classen dish, the requisite amount of solvent added, the dish covered with 
a piece of platinum foil, and the liquid very gently heated. When solu¬ 
tion was complete a known volume of the blue vitriol solution was run in, 

* Satisfactory results have been recently obtained by using smaller amounts of 
hydrofluoric add. 
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the liquid diluted to no cc. and electrolyzed over night with a current 
strength of 0.25 A. The liquid over the deposit was siphoned off with 
a short piece of black rubber tubing upon which the hydrofluoric acid has 
no action. The washing was done in the usual way, water being poured 
into the dish and siphoned off until the needle of the ammeter dropped 
to zero, the main liquid and washings being trapped in a large ceresin 


beaker. 

( upper taken 
(..ram 

Tin taken 
Oram 

Copper found (Cor for Pt) 
Gram 

fi) 

O 1020 

0 204 ^ 

O 1015 

(2) 

0 1275 

0 SO 

0 1274 

U) . 

0 I 27 S 

0 S014 

0 1274 

( 4 ) 

0 127s 

u S‘»P> 

0 1276 1 


Separation of Copper jroni Antimony. The separation was carried out 
m a manner similar to that employed 111 separating copper from tin. 
Before introducing the current, however, all antimonious oxide was oxi¬ 
dized to antimonic oxide with a concentrated solution of potassium bi¬ 
chromate. In (3) I detected a trace of platinum in the copper. The 
current ran over night Current strength, 0.25 A. ' 



Copper taken 

Antimony taken 

C *pper found 


Oram 

Grain 

Gram 

(1) 

O 1020 

<> 1993 

0 101ft 

(2) 

O 127S 

O 2102 

O 127S 

(0 

0 1 *>7 S 

O 

O 1274 


In order to see how accurate the results for copper would be when both 
tin and antimony were present, I dissolved in the platinum dish in 50 cc. 
of the nitrohydrofluoric acid various amounts of a tin-antimony alloy 
containing from 0.13 to 0.14% copper, oxidized the Sb 111 to Sb v with po¬ 
tassium bichromate, added 25 cc. of the standard blue vitriol solution 
and brought the volume to 110 cc. From the weight of the copper found 
in each case, the amount of the metal present in the quantity of alloy taken 
was deducted. The alloy was analyzed several years ago with the fol¬ 
lowing results 


Tin 

Antimony 

Lead 

Coppei 


60 42 
19 34 
n 26 
« 13 


Sum 


Since the lead separated as the peroxide on the spiral anode I also de¬ 
termined it in each case. The current ran over night. Current strength, 
0.25 A. 

1 Anode coated with PbO» 
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Copper taken. 
Gram. 

Alloy taken 

Copper found (Cor. 

Lead found in 


Grams. 

for Ft). Grain. 

alloy. Per cent. 

(I). 

.... 0 1275 

0.5001 

0 1274 

0 26 

(2) . 

0.1275 

1.0005 

0.1275 

0 27 

(3). 

O 1275 

I 0010 

0 1276 

0 26 

( 4 ). • 

. O 1275 

I 0100 

0 1277 

0 25 


Separation oj Lead from Tin and Antimony .—The solutions contained 
20 cc. cone, nitric acid and 5 cc. 48% hydrofluoric acid. The large amount 
of nitric acid is necessary in order to inhibit the separation of metallic 
lead at the cathode. The antimony present in the lower state of oxidation 
was converted into the higher state by means of chromic acid and the 
volume of the solution was always brought to 110 cc. The lead peroxide 
was deposited in a Classen dish roughened by means of a sand blast. Since 
this dish is made the anode, and a large surface is consequently exposed 
to the action of oxygen, which in the presence of hydrofluoric acid has 
a slight action on platinum, it may lose in weight during the electrolysis, 
and should, therefore, be re weighed after dissolving out the peroxide. 
Hot, dilute nitric acid, containing considerable oxalic acid dissolved in it, 
is well adapted for removing the peroxide from the dish. Dilute nitric 
acid to which a little ordinary hydrogen peroxide, free from hydrochloric 
acid, has been added serves the purpose equally well. 

My first results for lead were much too high, in spite of the fact that 
I could detect no tin or antimony in the peroxide deposits. It is a well 
recognized fact that when lead is determined as peroxide, with the electric 
current, the results are apt to be high, and this is thought by most chemists 
to be due to the presence of water which is not completely expelled at 
190-200°. My results, however, were almost 2 mg. in excess of what 
they should be. Thus far I havfe been unablefrto account for these high 
figures. 

The lead solution used as a standard contained 6.0004 R- pure lead 
nitrate in a liter. 

Found 

Calculated By electrolysis By evaporation and 

Oram Gram ignition Gram. 

25 cc. *= o 0938 25 cc = o 0939 25 cc -* o 0937 PI) 

Separation oj Lead from Tin .—The current ran over night. Current 


strength, 0.3 A. 

Lead taken 

Tin taken 

Lead found 


Gram 

Gram 

Gram 

(i ) 1 

O 0938 

0 5014 

0 0956 

(2) 

0 0938 

O 5084 

0 0955 

(5) 

O.O938 

O 5102 

O 0957 

0.0956 g. found 

Average, 0 0956 gram 
— 0.0938 g taken *■ 0 0018 g. 

overweight 


In separating the metal from antimony the same high results were ob¬ 
tained. A determination of lead in dilute nitrohydrofluoric acid solution, 
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when no till was present) gave me the figure 0.0957. Since a satisfactory 
result was always obtained when no hydrofluoric add was present) it 
seems reasonable to assume that the overweights of the deposits are due 
to the presence, in them, of fluorine in some form. Thus far, however, 
I have been unable to detect any with certainty. The error can be elim¬ 
inated, and results obtained equal almost in accuracy to those arrived at 
when lead is determined as peroxide in nitric add alone, by proceeding as 
follows: After siphoning off the supernatant liquid and washing a de¬ 
posit until the needle of the ammeter stands at zero, 20 cc. cone, nitric 
add axe again poured into the dish, the dish is filled with water until the 
peroxide is just covered, and the current reversed. In a few minutes the 
solution is complete, the current is then again reversed and the lead re- 
precipitated as peroxide. Using a current strength of 0.5 A., the time 
necessary for complete reprecipitation is from 4-5 hours. 

Here are some results obtained by following the modification just de- 


scribed: 

Lead taken 
Gram 

Tin taken 
Gram 

Lead found 
Gram 

(x) 

O 0938 

O 7015 

O 0935 

(3) 

O 0938 

O 262 s 

00 

C 

O 

(3) 

O 0938 

O 302 s 

0 0939 

( 4 ) 

O 0938 

O 4987 

0 0937 

(s) 

O 0938 

O 5036 

0 0939 

(6) 

O 1876 

O 5168 

O 1881 


The next determinations show that all the tin taken is present in the 
liquid siphoned off from the first peroxide deposit, and that from the stand¬ 
point of ordinary analysis no appredable amount can be included in the 
Pb02. 

Lead taken Tin taken 

Oram Gram 

(1) O 1876 O 1614 

(2) o 1876 o 2994 

(3) .... o 1876 o 5169 


Lead found 
Gram 

o 1875 
o 1881 

o 1875 


Tin found. 
Gram 

o 1623 
O 2995 
o 5170 


I determined the tin by adding to the solution containing it 10 cc. cone, 
sulfuric acid, evaporating as far as possible in platinum on the water bath, 
heating the residue to strong fuming to expel the hydrofluoric acid, cooling, 
and pouring the liquid into a liter of water The tin was weighed as 
stannic oxide. 

Separation of Lead from Antimony .—The details to be observed in sepa¬ 
rating lead from antimony will be evident from what has already been said. 
It should be remembered, however, that before introducing the current 
all antimony present in the lower state of oxidation must be brought to 
the higher state with a solution of potassium bichromate. The deposits 
first obtained were redissolved by reversing the current, and the results 
for the lead calculated from the weights of the reprecipitated peroxide 
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(see the Separation of Lead from Tin)* Current strength for fust pre¬ 
cipitation (over night), 0.25 A, far second (4-5 hrs.), 0.5 A. 



Lead taken. 

Antimony taken 

Lead found. 

Antimony found. 


Gram 

Gram 

Gram. 

Gram 

(I) 

O 0750 

0 1201 

O 0753 

O 1200 

(*) 

O 0938 

O 1402 

0 0935 

0 1411 

( 3 ) 

O 0938 

O 2100 

O 0936 

0 2099 

4 ) • 

O 1876 

O 1209 

0 1871 

0 1208 


In each case the liquids and washings from the first precipitations of 
the lead as peroxide were treated with 10 cc. of cone, sulfuric acid and 
evaporated on the water bath in platinum as far as possible. The residues 
were heated to strong fuming, the dish was covered, a piece of pure sulfur 
dropped in and the sulfuric acid boiled as gently as possible for 20 minutes 
The antimony, now in the lower state of oxidation, was then determined 
volumetricaily with potassium permanganate according to Kessler’s 
method. 1 

Excellent results have been obtained by dissolving the lead peroxide 
deposits first obtained in about 10 cc. dilute nitric acid to which 5 cc. 
ordinary hydrogen peroxide free from hydrochloric acid were added, trans¬ 
ferring the solution to a quartz or porcelain dish, adding 5 cc. cone, sul¬ 
furic acid, evaporating as far as possible on the water bath, heating the 
residue to strong fuming, and determining the lead as the sulfate. The 
salt was collected and ignited in a Neubauer crucible. 



Lead nitrate taken 

Lead cal 

Alloy taken * 
Gram 

Lead found. 1 


Gram 

Gram 

Gram 

(1) 

O 2103 

0 1315 

O 3900 

O 1316 

(a) 

O 3002 

O 1877 

0 4993 

O 1878 

( 3 ) 

O 6007 

0 375<5 

0 5005 

O 3752 


Some experiments having shown, at this stage of the work, that lead 
peroxide is attacked quite slowly by dilute nitrohydrofluoric acid, I broke 
the current in all the last three separations as soon as precipitation was 
complete, and at once poured off the liquid above the deposits. The re¬ 
sults are perfectly satisfactory, and prove that it is not necessary that the 
deposits should be washed while the current is still passing. This is im¬ 
portant, as we are not required to evaporate such large volumes of liquid, 
in case a determination pf tin or antimony is desired. 

The copper and lead in a white metal, very homogeneous in composi¬ 
tion, have tyeen determined with marked success according to this hydro¬ 
fluoric acid method. About 0.5 g. of the finely divided material was 
employed in each case. The lead peroxide first deposited was transformed 
into the sulfate, according to the directions above given, and weighed in 

* Pogg Anti, 118, 17 (1863). See also Fresemus’ Quant. Analyse (1873), B. 

P 360 

* The composition of this alloy is given on p 2377. 

* Corrected for the 0.26% present in the alloy. 
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this form. Froth the liquid £t>ured off from the lead peroxide the d apper 
was precipitated, after the excess of add had been neutralized with am¬ 
monia. 

_ BUctroljrtically 

2 70 2 70 2 74 2 76 2 75 

12 66 12 60 12 50 12 67 12 66 

11 65 11 62 } Determined in the liquid from which the Cu had 

73 20 73 2 5 ) been precipitated The Sb was determined 

- - volumetncally, the Sn gravimetncally 1 

ioo 21 100 17 # 

From a dilute mtrohydrofluoric acid solution, copper can be separated 
from tungsten, and mercury and silver .from tin and antimony. My 
assistant, Mr. N. H. Furman, finds that the results obtained in separating 
mercury from tin and antimony are fully as exact as those arrived at in 
separating copper from these metals. Attempts are being made to sepa¬ 
rate and determine other metals by means of the current when they are 
present in solutions containing hydrofluoric acid. 

PRINCKTON. N J 

THE CONSTITUTION OF ALUMINATES. II. 

By Edward G. Mahin 
Received August 18, 1914 

In a recent paper by Blum, 2 entitled “Constitution of Aluminates/* 
criticism was made of an earlier paper bearing the same title* by Mahin, 
Ingraham and Stewart Inasmuch as the author seems to have entirely 
misinterpreted a part of the experimental work described in the first 
paper, and the deductions therefrom, it seems necessary to correct these 
impressions 

Mahin, Ingraham and Stewart concluded {hat the hypothesis of alum- 
mates having definite formulas had not been substantiated by any of the 
earlier work and that sufficient attention had not been given to the colloidal 
properties of aluminium hydroxide, as bearing upon its solubility in solu¬ 
tions of bases Their supposition was that by adsofption of hydroxyl ions 
the aluminium hydroxide may be, to a considerable extent, maintained 
in a dispersed condition, molecular aggregates acquiring thereby a negative 
charge which has caused these aggregates to be mistaken for definite anions, 
because of their behavior when a current of electricity is passed through the 
solution of “alummate.” 

This possibility seemed to be favored by the results of experiments 
upon the heat of solution of aluminium hydroxide in bases, upon the pre- 

1 The metals were separated according to the method described m This Journal 
3 *> 373 (1909) 

1 This Journal, 35 » H99 (*9»3). 

* Ibid , 35, 30 (1913) 
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Antimony 

Tm 
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capitation of aluminium hydroxide by ieacttoaa of ammonium mtxqte-mth 
sodium ghtmsikate and up on the electrolysis of aluminate solutions. 

The reaction between ammonium nitrate and sodium aluminate was 
found to precipitate a proportionately greater quantity of aluminium hy¬ 
droxide than would be indicated by the formula NaAlOi, favored by most 
investigators. A substance of this formula could not produce more alumin¬ 
ium hydroxide than is indicated by the molecular proportion AltOi/NHU- 
NO* » l /». the experiments, however, the ratios 1/1.885 and 1/1.930 1 
were obtained. This would indicate a substance having less sodium than 
that having the formula NaAlC>2 (see equations of former paper). Blum 
criticizes these deductions by saying that the theoretical ratio could not 
be expected because of incomplete hydrolysis of the aluminate, complete 
hydrolysis being possible only in case of absolute nonionization of ammo¬ 
nium hydroxide. This is certainly true, but Blum apparently overlooks 
the fact that incomplete hydrolysis would result in incomplete precipita¬ 
tion of aluminium hydroxide, with a consequent experimental ratio of 
AWVNH4NO8 less than l / 2 , whereas Mahin, Ingraham and Stewart found 
ratios in two cases greater than Vs. In his reply (see following paper) 
Blum suggests that these ratios may have been obtained as a result of 
spontaneous decomposition of the aluthinate solutions, the duration of 
the experiment not having been stated. Less than 15 minutes was re¬ 
quired ior these experiments and other portions of the aluminate solutions, 
not treated with ammonium nitrate, remained clear. Spontaneous de¬ 
composition is, therefore, extremely improbable. 

A similar error was made by Blum in his discussion of the results of the 
electrolysis of aluminate solutions. The formula NaA10 2 indicates the 
least alkali metal of all formulas that have been proposed for the alkali 
aluminates. Mahin, Ingraham and Stewart argued that electrolysis of 
such a substance could not produce a greater quantity of aluminium 
hydroxide, relative to oxygen liberated at the anode, than that indicated 
by the proportion AljOa/O* « 2/1, while resolution of aluminium hydroxide 
in the basic solution at the anode was an unavoidable error that worked 
always toward diminishing the experimental ratio. The authors did 
not argue (although Blum so states) that failure to obtain a definite ratio 
for AljOa/Oj indicated absence of aluminates of definite formulas. They 
merely pointed out that the ratios obtained in three experiments showed, 
as in the ammonium nitrate reactions, that if aluminates as salts existed 
in the solutions their formulas must be different from any that have been 
proposed. 

In the electrolysis of alkaline solutions of aluminium the difficulties en¬ 
countered in the attempt to prevent resolution of aluminium hydroxide 

1 In the original paper this ratio was given as x/1.530, as a result of a typo¬ 
graphical error. 
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are practically insurmountable. Out of eighteen experiments reported 
in the original paper, three gave ratios of aluminium oxide precipitated to 
ox!ygen liberated at the anode, greater than 2/1. *"These were 2/0.9968, 
2/0.8658, and 2/0.9174. Since that time, one of the authors (Mahin), 
working with Mr. O. M. Harrison, has obtained the ratios 2/0.8820 and 
2/0.9524 in two experiments out of seven. If resolution could be entirely 
prevented the ratios would be still larger. If definite salts are present 
in the solutions they must be represented by such formulas as NasAUO?, 
NaAlsO*, etc. The number of such formulas that might be invented is end¬ 
less. (Blum suggests the possibility of spontaneous decomposition f of the 
aluminate solutions in these experiments also. Such possibility was 
excluded by the fact that the experiments were watched very carefully, the 
electrolysis being stopped in each case whenever the least turbidity ap¬ 
peared in the main body of the solution.) 

The evidence presented by Blum in his measurements of the amount 
of basic solution required to precipitate and redissolve aluminium hy¬ 
droxide from aluminium chloride, 1 appears to be the most definite of any 
that has been presented. However, it may be pointed out that in*his 
curve C, 2 if the third point of inflection is taken strictly as 4 he curve indi¬ 
cates, it will fall at a point corresponding with [H + ] *= (nearly) 10“ n * 
instead of io“ 10 6 . At this point the volume of basic solution is 28.5 cc. 
instead of 28 cc. In this case the ratio of base required to redissolve the 


precipitate, to that required to form it is 


28.5 — 21.5 


« 0.4, not 0.33. 


21.5—4 

This would correspond with an aluminate containing more alkali metal 
than is indicated by the formula KAIO*. In other words, this definite 
formula can be obtained from the curve only by a somewhat arbitrary 
selection of a point of inflection which is not indicated by the experi¬ 
ments. 

PUKDUB UNIVBMIUTY. 


THE CONSTITUTION OF ALUMINATES.' 

By William Blum. • 

Received September 10, 1914 

In my discussion 4 of the evidence of Mahin, Ingraham and Stewart, 6 
regarding the reaction between sodium aluminate and ammonium nitrate, 
stress was laid upon the uncertainty due to incomplete hydrolysis of the 
aluminate, which would lead to incomplete precipitation of the aluminium 
hydroxide, such as evidently occurred in Expt. 2 of Table I, where the ratio 
1 Loc. tit. 

1 This Journal, 35 » 1500 (1913). 

1 Published by permission of the Director of the Bureau of Standards 
4 This Journal, 3$> 1503 (1913) 

* Ibid., 3$, 36 (1913)* 



' vntiuk at ttk." 


2.68/1 was obtained. The slight excess of aluminium hydrocdde pet- 
dpitated in the other two experiments may have been due to spontaneous 
decomposition of the aluminate solutions, even though the period of the 
reaction was only fifteen minutes, a phenomenon I have often observed 
with aluminate solutions saturated with aluminium hydroxide. It is at 
least interesting to note that the effect of any such error, if present, would be 
proportionally greater in Expts. 1 and 3, than in 2, owing to the smaller 
amounts of aluminium hydroxide involved in the former experiments. 
Indeed, if the molecular ratio NftNOi/AljO* be calculated for the sum 
of the amounts involved in the three experiments, the ratio 2.39 is obtained; 
i. e., the total error is in the direction expected, a deficient precipitation 
of aluminium hydroxide. In this connection, attention should be called 
to an error in calculating the result for Expt. 3 of Table I, where the mol¬ 
ecular ratio NH4NO3/AUO8 should be 1.93 (and not 1.53 as given). 

Similarly, in the discussion of the electrolysis experiments, attention 
was called in my former paper to the probable spontaneous decomposition 
of the solutions during electrolysis; especially since “In every case the 
precipitated aluminium hydroxide possessed at first the appearance of a 
colloidal gel, changing to the crystalline modification as the experiment 
proceeded.** Such an effect might have counteracted, or even counter¬ 
balanced, the admitted solvent action of the liberated alkali. The fact 
that in only three out of eighteen experiments described in his original 
paper and in only two out of seven mentioned in the second paper 1 Mahin 
obtained ratios indicating an excess precipitation of aluminium hydroxide, 
is certainly not conclusive evidence of the nonexistence of sodium alumi- 
nate with a formula, NaAlO*, or some multiple. 

The curve C in my paper, referred to by Mahin, represents the action 
of potassium hydroxide upon aluminium chloride, in which, as pointed 
out in the original article, great difficulty was experienced in obtaining a 
clear solution, owing to the above-mentioned spontaneous separation of 
crystalline aluminium hydroxide. Greater significance should therefore 
be given to curve B, representing the action of sodium hydroxide. 

The above considerations, together with the failure of Hildebrand* 
to detect colloidal particles in aluminate solutions by means of the ultra¬ 
microscope, seem to justify the original conclusion that definite alum- 
inates, having the formula MAlOj or some multiple of it, probably exist 
in aqueous solution. 8 

Washington. D C 

1 This Journm., preceding paper. 

9 Ibtd , 35, <1913) 

* My attention has been called to an article by Slade and Polack in Trans Faraday 
S<h , to, 150 (August, 19(4). discussing the original paper by Mahin, Ingraham and 
Stem art. which came too late for consideration by the authors of these papers. I Editor. ] 
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NOTE. 

Natural Indicators. — Since the publication of the article on “Some 
Natural Indicators" in the September number of This Journal, Mr. 
G. A. Fraps has called my attention to an article entitled “The Wide 
Occurrence of Indicators in Nature,” by himself, published in the Amer¬ 
ican Chemical Journal for September, 1900, in which he has recorded some 
similar observations. H. W. Brubaker. 

[Contribution from the Chemical Laboratory of Northwestern University.) 

THE STRUCTURE OF MALTOSE AND ITS OXIDATION PRODUCTS 
WITH ALKALINE PEROXIDE OF HYDROGEN. 

By W. Lis Lewis and Sirosl A Bucksokoi/oh 
R eceived August 19, 1914. 

Nef 1 and his students have established the methods for oxidizing the 
sugars with various agents and for separating and identifying the resulting 
products. Nef 2 has recently submitted a complete system of dissociation 
of the sugar molecule in explanation of these oxidations and in explana¬ 
tion of the reciprocal conversion of certain sugars under the influence of 
dilute alkalies. 

One 8 of us investigated the products formed when maltose is oxidized 
with alkaline cupric sulfate. This work brought out that maltose is 
oxidized largely as an unhydrolyzed disaccharose, forming glucosido- 
adds, whose subsequent hydrolysis gives dextrose and simpler acids. 
There were thus obtained from ioo g. of anhydrous maltose, 34*7 2 g- of 
hydrolyzed dextrose, 29.78 g. of hexonic acids, 2.86 g. of glycoliic, 0.25 
g. of oxalic, 3.46 g. of formic acids, and 7.74 g.'of carbon dioxide. Of 
unidentified material, believed to contain glycerinic and trioxybutyric 
adds, there remained 27.29 g., with 2.15 g. lost during the various 
manipulations. The ratio of the various products found was quite 
different from that observed by Nef 4 in a study of the oxidation products 
of the simple hexoses, dextrose, levulose, and mannose, especially in 
respect to the larger amount of mannonic lactone (21.00 g.) formed from 
the disaccharose. This investigation of maltose, however, failed to throw 
any light on the constitution of that sugar, largely because the amount 
of oxygen taken up by each molecule was insufficient. 

The present study was therefore undertaken in the hope that the more 
complete destruction of the maltose molecule, under the influence of 
alkaline hydrogen peroxide, might permit a better quantitative separation 
of the products, thus reflecting the point of the glucosido union between 

1 Ann., 357, 2i4-3i2;37$ t i-u 9 ; 4 <> 3 » 204-$*$- 

2 Ibid., 403, 204-242. 

* Lewis, Am. Chcm . 42, 301-319. 

4 Ann. t 357, 259. 
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the two constituent dextrose groups in malt sugar. The results con¬ 
firmed the previous findings that maltose oxidizes largely without hy¬ 
drolysis and that saccharmic add formation does not take place under 
the conditions. A larger amount of oxygen is taken up with* alkaline 
peroxide as evidenced in the larger yield of adds containing few carbon 
atoms. One hundred grams of anhydrous maltose gave, by this method, 
22.97 g. of hydrolyzed dextrose (corr. 24.97 g.) 0.16 g. of mannonic lactone, 
16.04 £• of glycollic, 0.11 g, of oxalic, 55.37 g. of formic acid and 4.44 g. 
of carbon dioxide. Of unidentified material there remained 1./8 g. f 
believed to contain erythronic and /-threonic adds. One gram of ma¬ 
terial was used up in titrations and otherwise lost in manipulation. 
Especially noteworthy are the larger amounts of formic and glycollic acid 
found in comparison with the previous work using alkaline copper sulfate. 
Herein it is bdieved are to be found the proofs indicated by Nef 1 which 
establish the structure of maltose as originally assumed by Fischer, 2 as 
st Y-d-glucosido-d-glucose hydrate, 


O 


I-CH- 

I 

CHOH 

I 

CHOH 

I 

CH 

I 

CHOH 


CH 0 .H ,0 

I 

CHOH 

I 

CHOH 

I 

CHOH 

i 

CHOH 


CH,OH 1 -CH,, 


in which the primary alcohol hydroxyl functions in the gl ucosido union. 

Fischer 3 established the structure of maltose 8 as a disaccharose com¬ 
posed of two molecules of d-glucose and containing a 7-lactone ring 
similar to his synthetic alkyl glucosides. According to Armstrong 4 
maltose is an a-glucoside, as established by selective enzyme action. 

5 4,3,2, I. 

The resulting formula C 6 Hio 0 6 .CH 2 OH(CHOH) 4 .CHO.H 2 0 does not, 
however, determine which of the carbon atoms 1, 2, 3, 4, and 5, holds the 
hydroxyl group taking part in the glucosido union. Carbon atoms 1, 
2 and 3 may be at once eliminated as possibilities from the following 
consideration: {/-Maltose with 1V2 molecules of calcium, hydroxide at 
ordinary temperature gives a very large quantity of glucosido a and 
0-d-isosaccharinic acids, 6 
1 .*1 nn , 403, 299-303 
1 Ber , 27, *98# 

' Ibid,, 35, 3141; 28, f 145; Nef, Ann., 403, 299 
1 Trans Ckem. Soc , 85, 1305 

> Kiliana, Ber , 18, 631, 2514, 38, 3668; Nef, Ann., 357, 306, 376, 54-56. 
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This product can only come about through enolization of malt sugar 
with subsequent addition and splitting off of water forming intermediately 

O 

11 

vd-glucosido-d-fructose, CeH^Os.CHoOHfCHOH).!—C- -CH 2 ()U, after 
the analogy of the interconversion of simple liexoses under the influence 
uf alkalies. 1 This product similarly goes over into 7-d-glucosido ortho- 

0 0 

II I 

hexoson, C 6 H 1 o05.CH 2 OHCHOHCH 2 --C--C- -CH 2 OH, which, by the 
benzilic acid rearrangement, can give the final product 7-d-glucosido 
a and 0 -isosaccliarinic acids. Hydrolysis of the latter yie^s d-glucose 
and and 0-isosaccharin. It may be seen that these transformations 
involve the three hydroxyl groups attached to carbon atoms 1, 2 and 3, 
which therefore must be present as such in the original maltose molecule. 
The participation of any one of these in the glucosido union is therefore 
precluded. > 

The selection of the correct hydroxyl group, as between the two remain¬ 
ing, is fixed upon that attached to carbon atom 6 by the following 
considerations: 

Xef 2 and Glattfeld 3 have shown that, when glucose is treated with alkali of 
a certain concentration, there results six sugars; i. e., d-glucose, d-mannose, 
d-fructose, d-pseudofructose aid a- and d-d-glutose. The intermediate 
1,2-hexose dienols of this transformation undergo dissociation into 
hydroxy methylene and methyleneols of the pentoses. There result, 
finally, through further dissociation, various sugars containing one, two, 
three, four and five carbon atoms (CH 2 0 )*, the oxidation of which, ac¬ 
companied in some instances by the benzilic acid rearrangement, produce# 
the ultimate products found in sugar oxidation. 

It is altogether probable that maltose under the influence of alkalies 
enters into a similar equilibrium 4 of the six glucosido hexoses of the 
glucose series. The intermediate glucosido hexosedienols undergoing 

1 Ber ., 28, 3078; Rec. trav. chem . Pays - Bas ., 19, 1 (1900). 

^ Ann., 403, 362. 

1 Am. Chem. J., 50, 137. 

4 Nef, Ann., 403, 300, 381-382. 
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disaodation, oxidation,, etc., would produce the glucosido adds whose 
hydrolysis would give the final products found *n this study: 

The step-by-step splitting off of oxymethylene with the formation of 
formic and carbonic adds, as the main course of the reaction, could not 
gobeyond the carbon atom whose hydroxyl enters into tflfe glucosido 
union, otherwise glucosido acids would not be the principal product of 
the oxidation. In the following equation it may be seen that if Formula 
I were correct for maltose the principal product of the oxidation would 
be glucosido glycerinic: 


I. 


-CH- 

1 

CHOH 

CHD.H*0 

| 

-CH- 

I 


1 

CHOH 

! 

CHOH 


0 | 

1 

O 1 


CHOH O 

CHOH 

CHOH O 


i 

-CH 

| 

CHOH 

1 

r 

-O — 

w 

COOH 

| 

1 

CHOH L- 

| 

1 

—CH 

1 

* 

CHOH L 

1 * 

1 

—CH 
| 

1 

CHtOH 

1 

CHtOH 

I 

CHtOH 

1 

CHtOH 



CHOH CHOH CHOH COOH 


CHtOH 1 -CH, CHtOH «-CH, 

One hundred grams of maltose with alkaline peroxide gave finally 16.04 
g. of pure crystalline glycollic add while glycerinic add was not found 
present. 

The ratio and nature of the oxidation products of d-glucose with alkaline 
hydrogen peroxide are quite different from those of maltose, especially 
in respect to the small amount of glycollic add 1 (4.3 from 100 g.) and the 
presence of d-arabonic lactone 2 in the former. These differences must 
be due to the effect of the above glucosido bond. 

Regarding the source of the other products found, the large quantities 
1 Spoehr, Am. Chem. 43, 238. 

jJGlattfeld, Ibid., 50, 135-157* 
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of carbonic and formic adds undoubtedly result from the oxidation of 
dissociated hydroxymethylene, >CHOH. Oxalic add could result 
from a more complete oxidation of diose methyleneol, HOCHiCOH<. 1 
Erythronig and /-threonic add were indicated in the results but not 
established because of the small amounts. Their formation is most 
probable from the dissodation of glucosido 2,3-d-glucose dienol, 



into the methylenols of diose, HOCHjC(OH) <, and of glucosido-d- 
erythrose. The osone of the latter, formed by oxidation, could undergo 
the benzilic acid rearrangement (asymmetric in part or entire) to give 
C 4 adds. 

Mannonic lactone, on the other hand, has been proved to arise from the 
hydrolysis of glucosido mannonic acid through the action of dilute alkalies 
on maltosone. 2 That the benzilic acid rearrangement often takes place 
asymmetrically has been pointed out by Nef* in explanation of the pre¬ 
ponderating gluconic acid in oxidation of the simple hexoses and of 
mannonic acid when maltose is acted upon by Fehling s solution 4 In 
the oxidation of maltose with alkaline peroxide there is formed inter¬ 
mediately therefore some malt* -sone. 

Experimental Part. 

A solution of 3.22 g. of maltose in 80 cc. of 3% hydrogen peroxide 
(6.5 molecules) was prepared and added with vigorous shaking through 
a period of ten min utes to a solution of 5.62 g. of 85.7% potassium hy¬ 
droxide (equivalent to 4.82 g. of potassium hydroxide net, being 7*7 
molecules) in 100 cc. of water. The total volume was then increased to 
200 cc., makin g the concentration of the alkali approximately half normal. 
Under similar conditions 3.22 g. of maltose were dissolved in 160 cc. 
hydrogen peroxide and the mixture poured with vigorous shaking through 
a period of ten minutes into a solution of 5.62 g. of potassium hydroxide 
in 40 cc. water. 

1 Cf. Anderson, Am. Chem. J ., 42, 406- 
1 Lewis, Ibid., 42, 3>5“3*9- 
1 Ann., 357, 231-2, 284. 

4 In unpublished notes one of us (Lewis) has obtained mannonic lactone hi quan¬ 
tity from the oxidation of lactose with Fehling’s solution. 
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* thm solutions of eadj^onciatmtkm were pretend and kept at roots 
temperature, being protected ftom the carbon dioxide of the air by mottos 
of soda lime tubes. 

In none of the above mixtures was any change in temperature or ap¬ 
pearance of the solution noted. The final solutions were in all cases 
colorless. 

By testing with Fehling’s solution the oxidation was found in the 
first three trials (80 cc. hydrogen peroxide) to be complete after seven 
to ten days and in the last three (160 cc. hydrogen peroxide) after fourteen 
to seventeen days, as evidenced by the absence of reduction. While the 
solutions were standing, as, well as at the conclusion of the oxidation, the 
continued presence of an excess of hydrogen peroxide was proved by 
frequent tests with starch potassium iodide paper. The excess of hydrogen 
peroxide was finally removed by the addition of a little platinum black and 
vigorous stirring. 

(l) Quantitative Determination of the Amounts of Carbon Dioxide Formed 
in the Oxidation. —To determine the amount of carbon dioxide* in each 
case, an apparatus was set up in which a wash bdttle of concentrated 
potassium hydroxide was connected with a large U-tube filled with soda 
lime, and this in turn with the flask containing a sugar solution. To the 
Other side of the flask was attached a reflux condenser in series with six 
towers containing a saturated solution of barium hydroxide. The 
calculated amount of hydrochloric acid was then added to the alkaline 
reaction mixture by means of a dropping funnel, and air free from carbon 
dioxide was slowly and continuously drawn through the apparatus. 
The flask was finally heated in an oil bath at i io° to 120° for one hour. 
The barium carbonate precipitate was then thoroughly washed, dried at 
ioo° and weighed. 

Blank experiments were also made to determine the amount of carbon 
dioxide in 5,62 g. of potassium hydroxide. Three determinations gave 
respectively, 0.2430 g., 0.2439 g. and 0.2435 g- of barium carbonate. 

The three solutions of maltose with 80 cc. of hydrogen peroxide, after 
the correction was made for the potassium hydroxide, gave respectively, 
0^584 g., o.8$$6 g. and 0.8540 g. of barium carbonate. Two of the 
solutions prepared with 160 cc. hydrogen peroxide, after the correction, 
gave 0.9851 g. and 0.9629 g. of barium carbonate. 


Xable I —Summary of Results for Carbon Dioxide 
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(*) Qnasststative Betormmatum of the Amounts of Vohtils Acids.~+As 
before, three lots of 3.2a g. of maltose with 80 cc. hydrogen peroxide 
were set aside under like conditions, also three lots with 160 cc. hydrogen 
peroxide. JThe time periods for complete oxidation were the same as in 
the first series. After adding the platinum black to the solutions and 
heating the flasks to remove the excess of hydrogen peroxide, theoretical 
amounts of hydrogen chloride were added. Each solution was then 
separately distilled from a flask provided with a Kjeldahl bulb to prevent 
the volatilization of possible glycollic acid. A pressure of 10-25 mm. 
was maintained and the flask finally heated for some time in a boiling 
water bath. The residues were several times dissolved in 100 cc. of water 
and the distillation repeated. The distillate, which proved to be free 
from hydrogen chloride, was then made up to a definite volume and the 
formic add determined by titrating an aliquot part with o.iiV sodium 
hydroxide. The Jones 1 method was also used, in which the formic add 
was oxidized to carbon dioxide with 0.1 Af permanganate. The two 
methods agreed perfectly, thus proving formic the only volatile acid 
present. * ^ 
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(3) The Nonvolatile Acids .—In the determination of the nonvolatile 
acids left behind with the salt lesidue after the distillation of formic add* 
it was decided to use larger quantities of the materials in the same pro¬ 
portion as in the preliminary experiments, in which 80 cc. hydrogen 
peroxide were used. Eight 25.76 g. lots of maltose (equivalent to 195*77 
g. of anhydrous sugar) were thus set aside. In each case the strength of 
the hydrogen peroxide was again determined just before using and correct 
tion made so as to keep the concentration uniform. No change in the 
temperature or color of the solution was ever noticed on addition of the 
hydrogen peroxide solution to the sugar. There were only slight differ* 
cnees in the time required for complete oxidation, the average being eleven 
days. After no reduction was shown with Fehling’s solution, the con¬ 
tents of each flask were heated for a half hour and shaken repeatedly 
with platinum black to remove the excess of hydrogen peroxide. Then 
in excess of the theoretical amount of hydrochloric acid was added/ 
and the solution distilled at a temperature of 45 0 to 50° under a pressure 
1 Am. Chem. 17 , 539 . 
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o 1 15-45 Am. The residue A the desk was dried at 80 0 for half an hour, 
rtidiseefaed in 150 cc, water And again distilled. This process of re- 
distillation was continued until the nonvolatile acids were entirely free 
from hydrogen chloride. 

The amount of formic arid in the filtrate from each lot was determined 
by the Jones method, the yields being as follows: 13.20 g., 13.48 g., 13.70 
g., 14.19 g., 13.50 g., 13.45 g-> 13-28 g. f and 13.67 g., respectively. These 
results are nearly 25% higher than those obtained with small quantities 
of sugar. 

The salty residues of arid gum from each lot of sugar were taken up in 
95% alcohol, thus separating most of the potassium chloride. The 95% 
alcohol residties from each lot were then combined and refluxed with 
absolute alcohol, thus eliminating more of the salt. After filtering and 
concentrating somewhat, the filtrate was left at a low temperature for 
twenty-four hours. A little more of the salt separated out, together with 
a small amount of material which reduced Fehling’s solution and which 
apparently was hydrolyzed sugar. 

The final product, dried at 75 0 and 20 mm., weighed 105 g., which is 
53-6% of the weight of the sugar used. 

The gums, which were slightly darkened, were dissolved in five parts of 
5% sulfuric acid and heated on the boiling water bath for ten hours under 
the reflux. Then the theoretical amount of barium hydroxide, necessary 
to remove the acid, was dissolved in 300 cc. of hot water and slowly 
added. After heating on the boiling water bath for another half hour 
the mixture was filtered. On concentrating the solution to two liters, 
the amount of split off sugar was determined by the Munson and Walker 1 
method and also by the Fehling solution method. The results by the 
former in two determinations were 0.3808 g. and 0.3812 g. of cuprous 
oxide. This weight of cuprous oxide from 8 cc. of the solution corresponds 
to 178.4 mg. of dextrose, equivalent to 44.6 g. of this sugar in the 2000 
cc. By the latter method 20 cc. of the sugar solution were diluted to |oo 
cc. and 11.20 cc. of this were required for 10 cc. of Fehling’s solution, 
corresponding to a total of 45.0 g. of dextrose. 

In order to determine to what extent dextrose was destroyed during 
the ten hours hydrolysis with five parts of 5% sulfuric acid, an inde¬ 
pendent experiment was conducted in which 100 g. of c. p. dextrose 
hydrate (sjb.90 anhydrous) was refluxed on the boiling water bath ten 
hours with 500 cc. of 5% sulfuric acid. The solution darkened and 
showed a final content of 80.12 g. of anhydrous dextrose (91.43 g. hydrated) 
or a loss of 8,56%. 

The solution was now adjusted so that a few drops gave the slightest 
precipitate with a 2% solution of sulfuric arid, filtered and concentrated 
1 This Journal, 28, 663: *9* 541. 
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to about 1500 oc. Td remove the dextrose, the solution was heated 
in a bqjling water bath with 60 g. of calcium carbonate for ten hours and 
filtered. The filtrate was of a golden red color and syrupy odor. Thirty- 
eight grams of calcium carbonate were filtered off and digested with 5% 
acetic acid. An insoluble residue was left which was dissolved in hydro¬ 
chloric acid and reprecipitated with ammonia several times until per¬ 
fectly white. This gave 0.3047 g. of calcium oxalate. When dried to a 
constant weight at 100 0 and analyzed the following result was obtained: 
0.3047 g. of the salts gave on ignition 0.1168 g. CaO. 

Calculated for CaCjC^H^’ CaO, 33 89; found, 38 33 

The aqueous solution of lime salts and dextrose was then concentrated 
in two hemispherical evaporating dishes on steam baths. Cold dilute 
alcohol was added with much stirring and decanted several times. The 
darkened lime salts thus obtained were taken up in water and decolorized 
with animal charcoal. On repetition of the above process the lime salts 
became granular in appearance and so free from sugar that 0.5 g. showed 
no reduction with Fehling’s solution. The air-dried lime salts weighed 
60.7 g. and on ignition 0.3978 g. of calcium salts gave 0.0718 g. or 18.05% 
calcium oxide. 

The calcium was split off by treating the lime salts in a hot dilute solu¬ 
tion with a slight excess of oxalic acid. After filtering, the aqueous 
solution was distilled under reduced pressure, as usual, and the residue 
dried. The thin syrupy acids which weighed 40.5 g. dissolved, with the 
exception of 0.3 g., in 500 cc. hot absolute alcohol. This solution was 
concentrated several times and set aside in the ice box, but no crystals 
formed. Finally it was concentrated to a weight of 80 g., representing 
40 g. of gums and 40 g. of alcohol. There were now added slowly 250 
cc. of absolute ether with much shaking and the whole mixture placed 
in the ice box over night. On decanting the ether solution and distilling, 
30.9 g. mobile light brown residue, Fraction A, was obtained. The 
portion insoluble in absolute ether was darker and thicker and weighed 
g. To the latter was added acetic ether in repeated portions of 300 cc. 
each, and the mixture refluxed till no more of the gum went into solution. 
The acetic ether solution was concentrated and set away but no crystals 
formed. Finally the ether was removed by distillation and 8 g. of gum, 
Fraction B, obtained. The remaining gum, Fraction C, soluble in ab¬ 
solute alcohol weighed 0.9716 g. 

Fraction A. —On standing for some time after careful drying, the entire 
ether residue weighing 30.9 g!, solidified to a homogeneous mass of leafy 
crystals characteristic of glycollic acid. Its identity with this acid wa* 
established in five different ways. 

The melting point of the crystals was found to be 80 °. 1 
1 Nef, Ann ., 357, 223. 



’ A portion was carefully dried te a* vacuum desiccator, weighed and 
dissolved in water. A part of this solution, equivalent to 0,267$ g, of 
crystals, on titration required 34.72 cc. of 0.1 AT sodium hydroxide, or 
64.8 ce. for 0.5 g. The theoretical amount required for 0.5 g. of glyoollic 
add is 65.8 cc. 

To 4.1 g. of A was added 4 cc. 50% alcohol and 7.09 g. of phenyl hy¬ 
drazine. After standing three or four days at room temperature the 
mixture suddenly became a mass of fine crystals. These were filtered 
off and recrystallized twice from 30% alcohol. Three and one-tenth 
grams of shiny hexagonal plates with a melting point of 100 01 were ob¬ 
tained. 

Four and six-tenths grams of the crystals from the residue A were 
digested eight hours on a boiling water bath with 5 g. of quicklime. An 
excess of 5 g. of calcium hydroxide was filtered off. On concentration 
of the filtrate, 3.4 g. of crystals of calcium glycollate were obtained and 
recrystallized. 1.0100 g. of air-dried salt lost on drying to constant 
weight at 100 0 to 120° 0.2838 g. of water. 

Calculated for Ca(CjH 8 0 8 ) 4H s O HaO, 27 48; found, 28 09 
The remaining 0.7266 g. of anhydrous calcium salt gave on heating 
0.2126 g. of CaO. 

Calculated for Ca(C*H 8 0 8 )- CaO, 29 47; found, 29 27 
Four and five-tenths grams of the residue A on being treated with an 
excess of strychnine in the usual manner gave on crystallization 8.0 g. 
strychnine glycollate melting at 185° to 190 0 . 2 

On heating the strychnine glycollate with an excess of quicklime for 
ten hours there was obtained 3.4 g. of calcium salt. 1.2125 g. of air-dried 
salt lost on being dried in the air bath to constant weight as above 0*3420 
g. of water. 

Calculated for Ca(C 2 HiOi)4.H s O. HiO, 27.48; found, 28 20. 

The remaining salt, 0.8705 g., gave on further heating 0.2550 g. of 
CaO. 

Calculated for Ca(C 8 H 8 0 8 ): CaO, 29 47; found, 29 29 
Fraction B, —This residue of 8.0 g. was diluted with water to 250 cc. 
Ten cc. of this solution containing 0.32 g. of the original gum was diluted 
to 100 cc. and treated with 49.8 cc. 0,1 N sodium hydroxide. This was 
heated for ten minutes on the boiling water bath and the excess of sodium 
hydroxide titrated with 0.1 N hydrochloric add. A total of 23.19 cc. 
0.1 N sodium hydroxide was thus used to neutralize 0.32 g. of the add* 
On the basis of this titration, the calculated amount of brudne, 25.5 
was added to' the add solution, together with a small amount of alcohol. 

* Ann., 357, 233. 

* Kef, Ibid., 357, 238. 
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Thte was digested on the boiling water bath one hour after the complete 
solution of the brucine. On concentrating the solution under reduced 
pressure a white precipitate of 5.1 g. formed which was filtered off and 
proved to be brucine. 1 The water was removed by distillation and the 
residue taken up in half its weight of water and five times its weight of 
absolute alcohol, after which seven crops of crystals, totalling 20 g., were 
obtained as follows: 5 g., 1.9 g., 1.5 g. and 1 g. of transparent plates, 
melting respectively at 198-202°, 195-202°, 202-205° an d 190°; 8 g., 
1.6 g. and 1 g. of small cubes all melting at 175°. 

Fraction C .—This alcohol-soluble residue of 0.9716 g. was diluted with 
water to 100 cc. and titrated as above. Ten cc. of the solution required 
7.25 cc. of 0.1 N sodium hydroxide. To the remaining solution was 
added the calculated amount of brucine, 2.85 g. On taking up the salts 
in alcohol 0.2 g. melting at 184° and 0.2 g. melting at 185° crystallized 
out. After concentration a residue of 1.5 g. was left which, combined 
with a corresponding residue from Gum B, made 9.5 g. In order to 
convert this combined residue into free brucuie and acid, sodium hydroxide 
was added on the basis of one and one-half molecules of sodium hydroxide 
to one molecule of the brucine salt of an assumed four-carbon atom acid. 
Eight grams of brucine were filtered off. To neutralize the sodium 
hydroxide a .slight excess of hydrochloric acid was added and the solution 
distilled to dryness. The salty residue was dissolved in water and re¬ 
distilled to remove all traces of hydrogen chloride. The acid was then 
taken up in absolute alcohol and, after the removal of the alcohol, 2.052 
g. of gum were obtained. This residue was titrated as before in a 2% 
solution and 0.5 g. was found to require 38.49 cc. 0.1 N sodium hydioxide. 

The remaining portion of the solution was digested eight hours on the 
boiling water bath with 3.3 g. of quicklime. The filtrate on standing 
gave 0.7869 g. of crystals. On heating these to a constant weight 0.7245 
g. was obtained. After ignition o.i T 02 g., or 10.85%, of calcium oxide 
was left. 

The high melting salts, including the first four crops from B and the 
two small crops from C, were combined, making 9/8 g. in all. Likewise 
the remaining low melting salts from B were combined, making 10.6 g. 
On treatment with sodium hydroxide in the usual way the high melting 
salts gave 2.4 g. of acid gum and the low melting salts 3.2 g. On stand¬ 
ing, after having been freed from absolute alcohol by distillation, the 
low melting salts gave 0.52 g. of leafy crystals resembling in appearance 
glyoollic acid and melting at 79°. This was boiled with strychnine, and 
after filtering off the excess gave, on concentration, 0.2 g. of strychnine 
glycollate crystals melting at 185°. The remainder of the solution of 
this residue was added to a similar residue from the high melting salts. 

1 Anderson, Am, Chem. J., 42, 410 (foot-note) (1909)- 
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The 44 c*.of gum from tbs low melting saks, an bdi^ taken up in alocAol 
rad allowed to stand for some time, gave 6.32 g, of the characteristic 
crystals of mannonic lactone melting at 150°. Some of this was mixed 
with pure mannonic lactone with no change in melting point. 

After various futile attempts at identification, the remaining portion 
from the low melting salts was combined with that from the high melting 
salts, giving 2.32 g. An optical determination of the latter gave: d ** 
1.054; f m 2; t. e, t 0.5223 g. substance and 25.5927 g. water; [a] in a 
1 dcm. tube equals —0.70°; whence [o] 2 D ° * —33.2 °. 1 Of the residual 
gum 0.5 g. was found to require 37.55 cc. 0.1 N sodium hydroxide. With 
quicklime the final portion gave 0.8364 g. air-dried, calcium salt. This, 
on drying to constant weight, lost 0.0886 g. or 10.5% water. On ignition 
0.1271 g., or 17% of CaO was obtained. 

Summary. 

1. Saccharinic acid formation does not take place at room temperature 
when maltose is treated with an alkaline solution of hydrogen peroxide 
with an alkalinity of 0.43 N. 

2. The ratio and nature of the oxidation products from maltose with 
alkaline peroxide are quite different from that of glucose with the same 
reagent, a fact which must be attributed to the effect of the glucosido 
bond. 

3. Approximately half of the maltose in the reaction mixture used, 
oxidizes as such. The remainder is apparently hydrolyzed before oxida¬ 
tion. 

4. The formation of glucosido acids in the oxidation of maltose ex¬ 
plains why a molecule of dextrose requires 2.48 atoms of oxygen by 
Fehling’s solution while the larger maltose molecule requires but 2.86 
atoms with the same reagent. 

5. The formation of a - and* /S-d-isosaccharinic acids from maltose under 
the influence of mild alkalies involves free hydroxyl groups on the first, 
second and third carbon atoms from the free aldehyde group. These 
carbon atoms are therefore eliminated as having taken part in the 
glucosido bond. 

6. The formation of relatively large amounts of 7-d-glucosidoglycoUic 
acid in the oxidation of maltose rather than 7-d-glucosidoglycerinic add 
indicates that the terminal or primary alcohol carbon atom functions 
in the glucosicfo union of the two d-glueose molecules which go to make 
up maltose. 

7. The formula of maltose is that of a 7-d-glucosido-d-glucose with the 
glucosido union pn the primary alcohol carbon. 

8. It is probable that maltose under the influence of alkalies enters 
into an equilibrium of the six ghicosido-hexoses of the glucose series, the 

1 Glattfeld, Am . Chm . 7 ., 50, 15a 
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diasoria tto a and oxidation of whose intermediate hexose-dienols result 
in the various oxidation products found. 

This wddte was originally undertaken under the mistaken impression 
that it UfMipart of certain problems on sugar oxidations granted by Dr. 
Nef to oSrof us (Lewis) in 1909. The investigation was well under way 
before the error, fully acknowledged here, was discovered. The results 
are now published, however, with the full consent of Dr. Nef, grateful 
recognition of whose generosity in the matter is herewith freely accorded. 

Tre oxidation products of Fehling's solution on maltose and on lactose 
are now being studied in this laboratory and, with their completion, the 
authors will discontinue, as requested by Dr. Nef, all research on the 
oxidation products of the sugars with inorganic reagents. 

BRAIN CEPHALIN: I. DISTRIBUTION OF THE NITROGENEOUS 
HYDROLYSIS PRODUCTS OF CEPHALIN. 

By C. G. MacAkthuk. 

Received September 8, 1914 

The constitution of cephalin is uncertain. Though the nature of the 
glycerophosphoric acid produced on hydrolysis is fairly well established, 1 
the nitrogenous substances 2 and the fatty acids* present are not definitely 
known either as to identity or quantity. This series of investigations 
was started three years ago in an attempt to clear up these two uncer¬ 
tainties in the cephalin molecule. 

This paper considers the preparation of cephalin, the methods used 
in determining quantitatively its various nitrogenous products and the 
data obtained by these methods. 

Preparation and Purification .—Fresh sheep brains were cleaned care¬ 
fully, ground in a meat grinder wi f h a small amount of thymol, spread 
in very thin layers on glass plates, and placed in an air drier. By fre¬ 
quent turning the tissue dried in a day. The dry material was scraped 
off and placed in a vacuum desiccator. In some cases, instead of the 
above air-drying method, the dehydration was accomplished by adding 
to the tissue twice its weight of alcohol or acetone and filtering after a" 
day's standing. 

After complete desiccation the cholesterol was extracted by contin¬ 
uously shaking the tissue with twice its weight of acetone. Two such 
treatments of about four hours each removed practically all the choles¬ 
terol. 

1 Dimitz, Biochem. Z„ ai, 337. 

* Thudicum, “Die chemische Konstitution des Gehirns," p. 142; Koch, Z physiol . 
Chem., 36, 134; Neubauer and Frankel, Biochem. Z. t a 1, 321. 

* Cousin, J . pharm. chim., 34, 101 and as, 177; Dimitz and Frankel, Biochem . Z. # 
2 h 337 ! Parnas, Biochem. Z., aa, 411. 





'The chofesterol-free tissue was then similarly treated with bens&te. 
This removed most of the phosphatids, among them cephalin. 

After concentrating the benzene solution the cephalin wa^mdpitated 
by very slowly adding it to twice the volume of absolute sflpfel. The 
precipitate was evacuated and dried in a calcium chloride desiccator. 
On dissolving this material in ether, freshly distilled over calcium chlo¬ 
ride, an insoluble substance remained. Because it cannot be satisfac¬ 
torily filtered or centrifuged, it was separated by allowing the ether to 
stand m tall cylinders in an ice-box. The clear liquid was siphonei# off, 
concentrated in a vacuum and reprecipitated by alcohol, then dried as 
before. This process of solution in ether and precipitation with alcohol 
or acetone was repeated until no insoluble material remained. The 
final product was a yellow-white powder which will be called cephalin (o). 

Several different procedures were used to further purify the various 
preparations of cephalin. One lot was emulsified in water, filtered and 
precipitated by a slight excess of hydrochloric acid. To separate thor¬ 
oughly, the liquid was centrifuged and the precipitate washed by the 
same process. The procedure was repeated and the substance then dried 
in a vacuum desiccator. On powdering, a brownish yellow, slightly sticky, 
hydroscopic material resulted. This will be referred to as cephalin (i). 

In purifying another preparation, the watery emulsion was salted out 
by sodium sulfate, the precipitate washed, and the process repeated. 
Finally the cephalin was dissolved in ether, precipitated with acetone 
and evacuated. This product had a similar appearance to that of (i). 
This will be called cephalin (2). 

Another method used was to shake the watery emulsion in a separa¬ 
tory funnel with redistilled ether. The ether layer was dehydrated 
with anhydrous sodium sulfate and precipitated with acetone. After a 
repetition of this process and a desiccation of the product it was slightly 
darker than either of the first two preparations; it will be designated as 
cephalin (3). 

The method least open to objection is a reprecipitation of the ether or 
benzene or petroleum ether solution a large number of times by alcohol 
or acetone. The solvent is changed each time, as is also the precipitating 
agent. A better and more rapid purification is obtained by adding the 
solution slowly with continuous stirring to the alcohol or acetone. This 
cephalin is a light, yellowish white, hydroscopic powder (4). 

By choosing an amount of alcohol (95%) or acetone not quite sufficient 
to produce a complete precipitation, a partial separation of the more 
soluble cephalin -occurs. One lot of cephalin (4) which had been pre¬ 
cipitated three times was put through this partial separation. The first 
four fractions remaining dissolved were united and carefully evaporated 
to a light brownish, waxy, non-powderable material, to be called cephalin 
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(5)* The next four fractions were treated similarly, but gave a yellow, 
hard, powderable preparation (6). The residue which had been pre¬ 
cipitated twelve times was brittle, light brown, and not sticky. This 
should be very pure cephalin. It will be referred to as preparation (7). 

These seven products differed but little in their nitrogen and phos¬ 
phorus content. Many nitrogen analyses gave an average of 1 60%. 
The phosphorus was never far from 3 65% 

Quantitative Methods and Data .—After trying out the various acids 
and alkalies used for hydrolysis, it was found that the best results were 
obtained with 1% hydrochloric acid. Three grams of cephalin were 
hydrolyzed by boiling for twenty hours, cooled and filtered. The nitro¬ 
gen in the fatty acid residue was determined by the usual combustion 
method and called residue nitrogen. The filtrate, after careful evapora¬ 
tion to dryness, was repeatedly extracted with absolute alcohol The in¬ 
soluble material contained nitrogen as ammonium chloride. This was 
determined and labeled ah ohol-msoluble mitogen. The alcohol solution 
was precipitated by alcoholic chloroplatimc acid This precipitate was 
found to be ammonium chloroplatinate, and so the nitrogen in it, when^ 
added to the alcohol-insoluble nitrogen, would be ammonia nitrogen To 
distinguish between these two determinations, the nitrogen in the plat¬ 
inum precipitate will be labeled platinum nitrogen . After removing the 
excess of platinum by hydrogen sulphide the above filtrate was evapo¬ 
rated to dryness and taken up in water. It was made slightly alkaline 
with sodium carbonate and mercuric acetate was added as long as a pre¬ 
cipitate formed while keeping the solution alkaline with the sodium 
carbonate 1 An equal volume of alcohol was added and the solution 
filtered. The nitrogen in the precipitate was labeled mercury precipitate 
nitrogen, that in the filtrate mercury filtrate nitrogen The precipitate 
has been found to be ammo acid and amino alcohol, the filtrate mostly 
amino alcohol, 2 the latter being but partly precipitated as the mercury 
compound. Two of many analyses by this method follow 


Residue mtrogen 

Impure cephalin ( 0 ) 

O 53 

Cephalin ( 1 ) 

0 25 

Alcohol-insoluble nitrogen 

O 05? 

oil? ._ 

Platinum nitrogen 

>0 20 

O IS) 

>025 ammonia nitrogen 

0 14) 

Mercury precipitate nitrogen 

0 66 

0 89 

Mercury filtrate mtrogen 

0 15 

0 22 

Total nitrogen 

1 54 

1 5 i 


Many attempts were made to reduce the amount of nitrogen in the 
residue. Seventy-five hours’ hydrolysis in dilute acid or alkali did not 
1 Neuberg and Kerb* Biochem Z , 40, 498 

3 A later publication of this senes describes the finding of these two compounds 
See also Bauman, Biochem Z , 54, 30 for the finding of ammo alcohol 



lower it, sordid twenty hours in u>% sulfuric add or *o% p&mhm 
hydroxide. It was not reduced by alcoholic hydrochloric add. It seems 
to be a constant quantity of any preparation of cephalic . During purifica¬ 
tion the amount is lowered to a definite limit, beyond which further treat¬ 
ment does not reduce it. An unpurified cephalin (o) gave 0.53% resi¬ 
due nitrogen, but after purification, as cephalin (2), this became 0.28%. 
Results of a similar nature have been obtained for brain ledthin, heart 
cuorin, and heart lecithin. 1 All give a part of the nitrogen in the residue. 

Another method of studying the nitrogen distribution was worked 
out which was found more satisfactory than the above. After the hy¬ 
drolysis of the cephalin in 1% hydrochloric acid for twenty hours the 
fatty adds were filtered off and the filtrate very slowly and carefully 
evaporated to dryness. The residue was taken up in water made slightly 
alkaline with potassium carbonate or hydroxide, and air passed several 
hours to drive off the ammonia, which was collected in standard add.* 
The solution was then made slightly acid with hydrochloric add and 
carefully evaporated to dryness, taken up in water and made to 25 cc. 
in a measuring flask. In 10 cc. the total amino nitrogen was estimated 
by the amino apparatus. 8 A 5 cc. portion was used for the determina¬ 
tion of the amino add nitrogen by the copper method. 4 The nitrogen 
in the other 10 cc. was estimated by combustion. This gives the total 
nitrogen in the filtrate from the fatty acids and is a control on the total 
amino nitrogen. Several typical analyses by this method are given*be- 
low: 


Residue nitrogen. 

Cephalin (4). 

Far cent. 

Cephalin (7). 

Per cent. Per cent. 

... 0.21 

O.25 

0.27 

Ammonia nitrogen. 

... 0.21 

0.22 

0.21 

Amino acid nitrogen. 

... O.39 

0.70 

0 73 

Amino alcohol nitrogen (by diff.).. 

• ° 79,„ 

O 40 

0 40 

Total amino nitrogen. 


I.XO 

1.13 

Total filtrate nitrogen. 

... 1.20 

(I 18 ) 

1.18 

• 

— 

— 

— 

Total nitrogen.. *., .... 

.... i.6o 

1.57 

1.61 


In this table it'Will be noticed that the residue nitrogen, the ammonia 
nitrogen, and the total amino nitrogen are nearly constant in the differ¬ 
ent preparations, but that the amounts of amino add and amino alcohol 
nitrogen vary largely. To find out whether this might not be due to 
cephalin being a mixture, an attempt was made to partially separate 
the two fractions. This was done as described above for the preparations 

1 See a later article for data. See MacLean, Biochem. J., 4, 38 and 240. 

1 Denis, /. Bid. Chem., 8, 427. 

* Van Siyke, Ikid ., 12, 275- 

« Kober, This Journal, 35,1546. 
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of ccptaliiM (3), (6), (7). It will be seen from the accompanying taft)t 
that the amino alcohol content is larger m the more soluble portions, 
while the amino add increases in the more insoluble part. 

Cephalic (0. 4). Cephalin (S) Cephalin (6) Cephalin {7>. 

Per cent Per cent Per cent Per cent. 

Amino alcohol nitrogen o 82 o 82 • o 87 o 38 

Amino acid nitrogen o 32 o 25 o 22 o 74 

Cephalin (o, 4) is a sample partially purified according to the cephalin 
(4) method. It was probably similar to the preparation from which 
cephahns (5), (6) and (7) were derived. 

With the purification of cephalin (7) the per cent, of amino acid con¬ 
stantly increased. After the first treatment there was o 46% nitrogen 
in this form. Later in the process this became o 64% and finally o 73%. 
This last value is not a final one. It simply indicates the extent of the 
separation. 

Conclusions. 

It may be concluded from the above data that: 

1. There is neither choline nor neurine in cephalin. 

2. Cephalin has its nitrogen in four forms. These are residual nitro¬ 
gen, about o 20%; ammonia nitrogen, about o 20%; amino alcohol 
nitrogen, o 80%; and amino acid nitrogen, o 40%. These are values 
for a typical pure product. 

3. Ordinary cephalin is probably made up of at least two cephalins, 
one containing a large percentage or all its nitrogen as amino alcohol, the 
other having the larger amount of its nitrogen as amino acid. 

I wish to express my indebtedness to the late Waldemar Koch for his 
suggestion of this line of work and for his valuable advice during the first 
months of the investigation. I am also indebted to Professor A. P. 
Matthews for suggestions during the progress of this work. 

Laboratories of Bio-Chemistry of the 
Universities of Chicago and Illinois. 

[Chemical Section, Iowa Agricultural Experiment Station ] 

CHEMICAL CHANGES DURING SILAGE FORMATION. 

By Ray E. Nbidio 
Received September 4, 1914 

Introductory. 

Studies on the volatile aliphatic acids and the lactic acid in corn silage 
have been reported in previous publications. 1 It was shown that both 
nonvolatile and volatile adds are present in considerable amount, and 
occur in the ratio of about four parts of the former to three of the latter. 
The prindple volatile adds were acetic and propionic, these being pres- 
1 Dox and Neidig, Iowa Agr . Exp. Sta Research Bulletin* 7 and io. 
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ittt inth* propor ti on <rf about ten to octef The ndttv^adte add*x* 
fdfod to be lactic add. In the three types of rilos examined very title 
difference was noted in the above ratios. 

The results, thus far reported, deal principally with the composition 
of silage at various periods subsequent to the fermentation. The uni¬ 
formity of the successive samples throughout the feeding season 9eems 
to indicate that whatever changes occur after the early period of silage 
formation are of only minor importance. Chemical changes taking place 
during the fermentation period were not discussed at any length in the 
previous reports, It is known, of course, that the freshly cut com con¬ 
tains soluble sugars and very little acid, whereas the silage made from it 
contains considerably less sugar but an abundance of acid. It is reason¬ 
able to assume, therefore, that the acidity of silage is developed at the 
expense of the sugar. The mechanism of the process has not, however, 
been satisfactorily explained. Babcock and Russell, 1 of Wisconsin, 
attribute the formation of silage mainly to intramolecular respiration of 
the green plant cells and regard bacterial activities as only of secondary 
importance. Russell, 2 of Rothamstead, and Hart and Willaman, 8 of Wis¬ 
consin, still maintain this view. On the other hand, Esten and Mason 4 
find yeasts and lactic acid bacteria in silage in such enormous numbers 
that their chemical activities cannot be disregarded. 

It is already known that the acidity of silage practically reaches its 
maximum in less than three weeks. Esten and Mason observed a still 
more rapid fermentation, most of the acid having developed in the first 
seven days, with only a slight increase thereafter. It is evident, there¬ 
fore, in order to follow the chemical changes that constitute silage forma¬ 
tion, samples must be examined at frequent intervals during the two 
weeks immediately following the time of filling the silo. The work de¬ 
scribed in this paper represents a series of observations made upon the 
contents of three distinct types of silos during the actual process of the 
silage formation. 

Investigations upon the hollow clay tile silo and the wooden silo were 
conducted in the fall of 1912. These silos have been described in the 
work already mentioned. The third, a concrete silo of monolithic type, 
is forty feet high and fourteen feet in diameter. Investigations on this 
silo were conducted during the fall of 1913. 

Methods. 

The determinations made upon the fermenting silage include the fol¬ 
lowing: reducing sugars both before and after inversion, volatile acid, 

1 Babcock and Russell, Wisconsin Annual Report, 1900. 

* Russell, J. Agr. Sri., a, 392-410 

1 Hart and Williman, This Journal, 34, 1619-25. 

4 Esten and Mason, Storrs Agr. Exp. Sto. Bull. No. 70. 
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lactic acid* alcohol, and analyses of the gas from the interior of the silo. 
Temperatures of the silage were also taken in the silos As m the pre¬ 
vious work, the samples of silage were taken by means of an auger, sub¬ 
jected to a pressure of 350 kg per sq cm and the juice thus obtained 
was used for the analytical determinations 

Determination of Sugar —To 100 g of the juice, 15 cc of a solution of neutral lead 
acetate were added the \olume made up to 250 cc and the solution filtered Of the 
filtrate 200 cc were treated with just sufficient anhydrous sodium carbonate to pre¬ 
cipitate the lead and the solution ajjain filtered Duplicate portions of 25 cc of this 
filtrate were used for the sugar determinations by Alhhn s method For the determina¬ 
tion of reducing sugars after inversion 50 cc of the lead free solution were mixed with 
5 cc concentrated hydrochloric aud allowed to stand 24 houis then neutralized and 
diluted to 100 cc The reducing sugar m 25 cc of this solution was determined as 
above Cuprous oxide was weighed directly and calculated as glucose in both cases 

Determination of Volatile Acids —Volatile acids woe determined by 
the Duclaux method as in the method cited 1 The Duclaux fractionation 
was made upon one half of the solution, after removal of the barium sul¬ 
fate instead of first distilling into two fractions and making separate titra¬ 
tions and calculations On account of the great preponderance of acetic^ 
acid, very little is accomplished by this preliminary fractionation, while 
the calculation is rendered still more laborious 

Determination of Lactic 4 cid —After removing the volatile acids by 
distilling with steam under reduced pressure, lactic acid was determined, 
as m the previous work, by extracting the residue with ether and crys¬ 
tallizing out the zinc salt Observations were then taken with the polan- 
seope to determine the optical activity and the zinc salt was identified 
by determining the percentage of zinc pxide present. 

Determination of Alcohol —100 g of the silage juice were neutralized with sodium hy¬ 
droxide, transferred to a 200 cc distilling, flask and distilled from a glycerol bath The 
volume of the distillate collected tn each case was 75 cc This was diluted to 100 cc 
and 50 cc were transferred to a 300 cc flask and boiled for 15 hrs under a reflux con 
denser with 5 g chromic acid and 5 cc concentrated sulfuric acid The volatile acids 
resulting from the oxidation of the alcohols were distilled with steam until a distillate 
of 1 liter was collected This was titrated with 01 N barium hydroxide using phenql 
phthalein as an indicator The acid was calculated as acetic acid and recalculated to 
ethyl alcohol 

Gas Analysts —A brief de c cnption of the apparatus used for obtaining 
samples of gas from the interior of the silo will be given here A one- 
half inch galvanized pipe was inserted vertically from the bottom of the 
silo, at the center, extending to a height of about ten feet At the upper 
end, a two-foot piece of one-inch pipe containing numerous small holes 
was attached The lower end was extended along the floor and up the 
side to a height of about six feet and then protruded through the wall, 
a stopcock being fitted to the end ^ The entire length of pipe was given 

1 Research Bulletin No 7, Iowa Agr Exp Station 
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a thin coat of shellac on the inside. The purpose of inserting the pipe 
vertically from the bottom of the silo was to prevent any interference 
with the normal settling of the silage. The above described apparatus 
was installed in the three silos, constructed of hollow clay tile, wooden 
staves, and concrete, before filling. 

Samples of gas, representing in each case the gas from the center of the 
silo at a height of about twelve feet from the bottom were obtained by 
mfehns of an aspirator. 

The analysis was made in an Orsatt gas apparatus, xoo oc. of the gas were meas¬ 
ured into the buret, then transferred to the pipet containing the potash solution (x part 
KOH to 2 parts HjO) and allowed to remain there ten minutes, the operation being 
repeated in order to insure complete absorption of the carbon dioxide. The gas was 
then transferred to the buret and the decrease in volume noted. This decrease represents 
carbon dioxide. The contents of the buret were now transferred to the pipet containing 
alkaline pyrogallol solution (i part 25% pyrogallol solution to 6 parts 60% KOH) and 
subjected to the same manipulation as before. The loss in volume represents percentage 
of oxygen. The residual gas consists chiefly of nitrogen. 

Temperature Observations .—The apparatus used in obtaining the tem¬ 
perature of different parts of each silo at frequent intervals consisted 
•of a portable indicator and twelve electric thermometers, each connected 
with 15 feet of insulated wire. Four of the thermometers were buried 
in each silo at the time of filling, about fifteen feet from the top. The 
position of the thermometers in each silo was the same; one at the center, 
one at the outside edge next to the silo wall, and the remaining two on a 
direct line with the two former thermometers in such a position that they 
were equidistant from each other and the center and outside thermom¬ 
eters. When readings were desired each thermometer was connected 
with the indicator and on passing an electric current through the appara¬ 
tus, the temperatures were read directly in degrees Fahrenheit on the in¬ 
dicator scale. The temperature observations on the wooden stave and 
hollow clay tile silos were taken a year later than the chemical studies 
on these two silos, yet, for the sake of comparison, they are included in 
this paper. 

Experimental. 

Wooden Stave Silo .—The wooden stave silo was filled Sept. 23, 1912, 
with Reed’s yellow dent com. The stalks were somewhat green and 
the com well dented in the ear. Water was added to the top of the silo 
immediately aftef filling. The analytical results are shown in Table I. 

Hollow Clay Tile Silo .—The hollow clay tile silo was filled September 
27, 1912. The com was Reed’s yellow dent, somewhat riper in ap¬ 
pearance and contained less moisture than that put in the wooden stave 
silo. No water was added to this silo. The first sample was taken on 
the day of filling and represents the fresh com juice. Samples 2 and 3 
were taken Sept. 28 and 29, respectively. Owing to the small amounts 
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Table I, 



1 o 76.3 Volatile and non-volatile acids were not 

2 1 73.0 separated in the first two samples. 

3 2 67.6 0.4178 0.0x66 0.0039 0.0044 0.4427 0.7565 

4 3 65.1 0.5152 0.0374 0.0000 0.0000 0.5526 0.8807 

5 4 66.0 0.5090 0.0476 0.0000 0.0000 0.5566 0.6404 

6 5 64.7 0.5348 0.0444 0.0000 0.0000 0.5792 0.6560 

7 6 66.5 0.5624 0.0446 0.0000 0.0000 0.6070 0.7698 

8 7 67.6 0.6482 0.0448 0.0000 0.0000 0.6930 1.0070 

9 8 67.5 0.5976 0.0414 0.0000 0.0000 0.6390 0.5680 

10 9 65.3 0.7488 0.0520 0.0000 0.0000 0.8008 1.2270 

11 10 68.3 0.5182 0.0338 0.0000 0.0000 0.5720 0.9857 

12 11 67.2 0.5598 0.0698 0.0000 0.0000 0.6206 1.0020 

13 17 65.6 0.5890 0.0612 0.0000 0.0000 0.6502 1.6*70 

14 23 65.2 0.5932 0.0726 0.0000 0.0000 0.6658 1.4980 

1 Calculated as ethyl alcohol. 




Sugar* 

calculated 
as glucose. 



2.570 3.1960 

0.01 1.4 

18.0 

3.680 4.5160 

0.16 45.0 

1.0 

2.574 2.7840 

0.39 66.4 

1 -4 

1.760 1.7600 

0.32 68.0 

0.5 

2.018 


0.29 52.0 

0.0 

2.050 

V 

0.25 50.0 

0.0 

2.436 

8 

.9 

0.20 55.0 

0.0 

1.842 j 

31 

0.30 55.0 

0.0 

1.796 i 

\ § 

0.31 55-0 

0.0 

M38 j 

1 

0.48 56.0 

0.0 

2.046 [ 

3 

0.19 46.0 

0.0 

2.144 £ 

0.24 33.8 

0.0 

1.305 c 

5 

0.37 32 4 

trace 

1.218 


0.31 10.7 

trace 


of acidity, the volatile acids were not determined by the Duclaux method 
in these samples but simply calculated as acetic acid. The analytical 
results follow: 

Table II. 


Analysis of 100 g. silage juice. 


3 

S 

£ 


Sugars 

calculated 
as glucose. 


a 

0 

£ 

« 

*8 

$ 

Percent 

silage. 

I 

O 

643 

2 

1 

62.0 

3 

2 

65.5 

4 

3 

64.O 

5 

4 

57-9 

6 

5 

63.X 

7 

6 

61.2 

8 

7 

58.8 

9 

8 

60.9 

10 

10 

634 

IX 

12 

62.3 

12 

19 

38.5 


1 

l 


ig 

I 


II til 
4 1 III' 

Volatile adds were not sep- 0.0310* 0.160 2.552 
arated in the first three 0.1080* 0.287 4-970 
samples. 0.XZ70* 0.224 4-493 

0.1472 0.0092 0.0027 0.002 0.1601 0.342 4.334 
0.2700 0.0281 0.0000 0.000 0.2982 0.289 3-254 
0.3400 0.0392 0.0000 0.000 0.3792 0.544 3-248 
0.3426 0.0354 0.0000 0.000 0.3770 0.569 2.840 
0.4026 0.0419 0.0000 0.000 0.4445 0.799 2.260 
0.4182 0.0436 0.0000 0.000 0.4618 0.646 2.280 
0.3972 0.0458 0.0000 0.000 0.4430 0.921 2.640 
0.4742 0.0578 0.0000 0.000 0.5320 x.xo8 1.050 
0.5048 0.0524 0.0000 0.000 0.5572 1.340 1.226 



1 Calculated as ethyl alcohol. 
1 Calculated as acetic add. 


analysis. 
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i 


26.71.6 _ 
41.0 0.0 
48.0 0.0 
58.0 0.0 
48.0 0.0 
30.0 0.0 
48.0 0.0 
46.0 0.0 
40.0 0.0 
35-4 trace 

31.1 0.0 

27.2 0.0 



Ckmcrtto The concrete rik> was filled September 15, 19*3* wkh 
Reed's yellow dent com. The com was well dented and quite dry owin g 
to a lack of rain previous to filling the silo. Water was added to the top 
of the silo on the morning of September 20th. After thoroughly soaking 
the top of the silage oats were sown, which soon sprouted and formed a 
thick matted covering over the surface of the silage. No separation of 
the volatile adds by the Dudaux method was made from the samples 
of silage from this silo. The total volatile adds were calculated as acetic 
add. The analytical results are shown in Tables III to VI. 

Tabus III 



| 
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Analysts of 100 g silage juice 


Gas analysis 


1 



Sugars 



a 


I 



calculated 


g 

& 

4 


B 

3 

to 

as glucose 


8 

'S 

1 

1 

*8 


•tf 

as 


be 

*3 

3 

3 

tjl 

1 

§ 

s§ 



O 

*8 

•8 


1- 

* 

1 

* 

tj § 

*5 

a 

8 

§ 

i 

5 


3 

r 

1 

£ 

£ 

1 

0 

39 0 

O 0144 

o oooo 

4 852 

9 038 

O 02 

63 0 

I O 

2 

X 

60 5 

0 0426 

trace 

7 4 ” 

8 942 

O 20 

73 0 

O O 

3 

2 

612 

0 1914 

o 2930 

7 406 

8 184 

O 26 

87 0 

0 0 

4 

3 

58 6 

012802 

0 5094 

6 859 

7 089 

O 24 

80 5 

0 0 

5 

4 

60 3 

0 3948 

0 6264 

6 899 

7 004 

O 19 

82 5 

0 0 

6 

5 

62 0 

0 4812 

0 7436 

5 506 

5 573 

O 30 

75 0 

0 0 

7 

6 

61 7 

0 5680 

0 9750 

4 373 

Vi 

Stj 

n 3 

O 22 

68 0 

0 0 

8 

7 

63 4 

0 6060 

1 0115 

4 070 

O 27 

66 0 

0 0. 

9 

8 

63 3 

0 6660 

1 3452 

3 206 

a s 

O 38 

65 0 

0 0 

10 

10 

64 5 

0 7032 

1 1719 

3 370 

Q 3 

g 0 

O 30 

56 0 

0 0 

11 

14 

65 5 

0 7176 

1 2356 

2 736 


0 33 

54 0 

O 0 

12 

21 

65 6 

O 7368 

1 4053 

2 558 

£-5 

0 37 

40 5 

0 0 


1 Calculated as acetic acid 
9 Calculated as ethyl alcohol. 

Discussion. 


Before taking up the discussion of the results obtained from the fore¬ 
going investigation on silage formation in the three types of silos, a few 
preliminary remarks concerning the scope of the work are given for the 
benefit of the reader. Several factors enter into the work which exert 
a dedded influence upon the amounts of chemical products formed in the 
silo and therefore must be reckoned with in the discussion of the results. 
Two of the chief*factors are the maturity and moisture content of the corn. 
It is known that, the more immature the corn, the greater the amount 
of add produced. Differences in maturity also show differences in the* 
sugar and moisture content and, as adds are formed chiefly at the expense 
of the sugars, it is'evident that any differences in the. maturity of the com 
would materially effect the quantities of the chemical products. Since 
the three silos were not filled with corn of uniform maturity and water 
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w*t added to two of the sitae, the results will not be compared quanti¬ 
tatively but the general ratio of the chemical products will be used for the 
basis of the discussion and the merits of the three types of silos discussed 
from this viewpoint. 

A comparison of the sugar determinations shows that in each case the 
juice from the green plant contains about equal amounts of reducing sugar 
and non-reducing sugar. The latter may be considered sucrose. During 
the first two days after filling the silo, the most noticeable change is the 
inversion of the sucrose. When the sugar determinations before and 
after inversion coincided, the inversion was considered complete and no 
further determinations were deemed necessary. The rate of inversion 
was not the same in the three silos, the wooden silo requiring three days, 
the hollow-clay tile silo four and the concrete silo five days. No signifi¬ 
cance, however, can be attached to these differences, inasmuch as the chem¬ 
ical changes vary at the same rate. The inversion of sucrose is probably 
due, to the greater extent, to the enzyme sucrase. Acids, likewise, bring 
about the hydrolysis of sucrose, but their effect in this instance is prac- 

Tablb IV — Tbmpbratttrs Readings. 

Wooden Stave Silo Filled Sept 13, 1913 

Reading* of thermometers placed 

two feet from Temperature 




at center 


* — v 


of 

Date of 

Time of 

Degrees 

center 

wall 

at wall 

atmosphere 

reading 

reading 

Fahrenheit 

Degrees F 

Degrees F 

Degrees F 

Degrees F 

Sept 13 1 

8 OO A M 

80 

80 


76 


Sept 14 

7 OO A M 

80 

77 


66 


Sept 15 

7 OO A M 

77 

77 


65 


Sept 16 

7 45 A M 

76 

76 

87 

74 


Sept 17 

7 OO A M 

76 

76 

87 

70 

65 

Sept 18 

7 OO A M 

78 

78 

87 

66 


Sept 19 

8 OO A M 

7« 

78 

87 

66 

64 

Sept 20 

7 45 A M 

80 

80 

87 

60 

48 

Sept 21 

7 45 am 

80 

80 

87 

54 

43 

Sept 22 

8 30 A M 

81 

81 

86 

47 

47 

Sept 23 

7 30 A M 

81 

81 

86 

56 

49 

Sept 24 

7 30 am 

82 

82 

86 

66 

66 V 

Sept. 25 

7 45 am 

83 

82 

84 

58 

49 

Sept 26 

7 45 am 

83 

82 

83 

48 

45 

Sept 27 

2 OOPM 

84 

83 

83 

60 

72 

Sept 28 

5 15 P.M 

84 

83 

82 

61 

60 

Sept 29 

5 OO P M 

84 

83 

82 

66 

65 

Sept 30 

4 45 PM 

84 

84 

81 

66 

70 

Oct. 1 

5 OOPM 

85 

84 

81 

68 

76 

Oct 2 

3 30 P.M 

85 

84 

80 

66 

76 

Oct 3 

2 30 PM 

86 

84 

80 

68 

83 

Oct 4 

2 4OP.M 

86 

84 

80 

63 

66 

Oct 6 

II 30 A M. 

85 

84 

79 

67 

s% 


1 Water was turned on top of silo at 8 30 p m and allowed to flow all uight. 
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sand 4 at this early p eri od ctf silage formation, art present only m and 
amounts. Although it is not possible to state the enact source of the 
enzyme, sucrase is known to be present in the com plant itself, and it is 
also a product of numerous microorganisms including bacteria, yeasts 
and molds. 

Prom the time of filling the silo the total sugar decreases in amount, 
until a minimum is reached in about three weeks. In the case of the 
hollow tile silo this minimum was reached in twelve days. In no in¬ 
stance does the reducing sugar disappear completely. Even after a much 
longer period the presence of reducing sugars can be demonstrated. A 
sample of silage juice, 120 days old, from the concrete silo, was found to 
contain 3.1 g. reducing sugar per 100 g. juice. In order to identify the 
sugar, a portion of the juice was clarified with neutral lead acetate in the 
usual manner, concentrated on the water bath, and then treated with 
phenylhydrazine hydrochloride and sodium acetate in a flask immersed 
in boiling water. After a few minutes yellow crystals separated from the 
hot solution. These were filtered out and washed with cold water, then 
recrystallized five times from 50% alcohol. The substance showed a 
melting point of 204-206°. Phenylglucosazone melts at 205°. From 

Table V.—Temperature Readings. 

Hollow Tile Silo Filled Sept. 18, 1913. 


Reading* of thermometer* placed 





two feet from 


Temperature 

Date of 
reading. 

Time of 
reading 

Degrees 

Fahrenheit. 

center. 
Degrees F. 

wall. 

Degrees F. 

at wall 
Degrees F. 

atmosphere. 
Degree* F. 

Sept. 18 

I. OO P.M. 

77 

78 

79 

66 


Sept. 19 

8.00 A.M. 

8l 

82 

83 

64 

64 

Sept, do 

7.45 A.M. 

83 

85 

85 

60 

48 

Sept, ax 

7.15 a.m. 

85 

86 

86 

52 

43 

Sept. 22 

8.30 A.M. 

86 

87 * 

87 

47 

47 

Sept. 33 

7.30 A.M. 

87 

88 

88 

54 

49 

Sept. 34 

7.30 A.M. 

88 

89 

89 

66 

66 

Sept. 33 

7-43 A.M. 

88 

90 

89 

57 

49 

Sept. 26 

7 .45 A.M. 

90 

90 

90 

50 

45 

Sept. 27 

2 00 P.M. 

90 

91 

90 

58 

72 

Sept. 28 

5.15 PM. 

90 

9 i 

89 

61 

60 

Sept. 29 

5.00 P.M. 

90 

91 

88 

64 

65 

Sept. 30 

4 45 P M. 

90 

91 

88 

64 

70 

Oct. 1 

5.00 P.M. 

90 

91 

88 

68 

76 

Oct. 2 

3.3O P.M. 

90 

91 

87 

64 

76 

Oct. 3 

2.3O P.M. 

90 

91 

87 

66 

83 

Oct. 4 

2.40 P.M. 

90 

91 

86 

68 

66 

Oct. 6 

II.30 A.M. 

90 

90 

85 

67 

81 

Oct. 7 

j.OO P.M. 

90 

90 

85 

64 

70 

Oct. 8 

5.15 P.M. 

90 

90 

85 

66 

70 

Oct. IQ 

4.3O P.M. 

90 

90 

84 

65 

57 
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tit melting point, the insolubility in hot water, and the crystalline form 
of the oeazone, it is evident that the sugar was either glucose or fructose, 
or a mixture of the two. Examination of the clear sugar solution in a 
polariscope showed dextro rotation, indicating therefore, that the sugar 
consisted of glucose either in the pure state or greatly in excess of the 
fructose. 

The results on the acidity of silage show that in each case there is a 
gradual rise in volatile acids. In the two silos, wooden stave and hollow 
clay tile, the individual volatile acids were determined and approximately 
the same proportions of propionic to acetic acid was found as noted in 
the previous publications on this subject. 1 Butyric and valeric acid were 
found to occur in traces only in one sample from the wooden silo. The 
three silos show differences in the rate of formation and the maximum 
yield of volatile acids, but this cannot be attributed to the different types 
of silos. The ratio of volatile acids to lactic acid is approximately a con¬ 
stant for the three silos. Tactic acid was found to increase in the concrete 
silo similar in manner to the wooden and hollow clay tile silos. The sam¬ 
ples of zinc lactate examined in a polariscope proved to be the racemic. 

Table VI .—Temperature Readings. 

Concrete Silo. 1 

Readings of thermometers placed 




at center 
Degrees 
Fahrenheit. 

two feet from 


Temperature 

of 

Date of 
reading. 

Time of 
reading. 

center. 

wall 

Degrees F. 

at wall 
Degrees F. 

atmospheres 
Degrees F. 

Sept. 16 

7.00 P.M. 

80 


80 

70 

70 

Sept. 17 

7.00 A.M. 

82 


8l 

68 

65 

Sept. 18 

7.00 A.M. 

84 


84 

68 

Sept. 19 

8.00 A.M. 

86 


85 

65 

64 

Sept. 20 

7.45 A.M. 

86 


86 

60 

48 

Sept. 21 

7.15 A*M. 

88 

| 

87 

54 

43 

Sept. 22 

8.30 A.M. 

88 

87 

48 

47 

Sept. 23 

7 .30 A.M. 

88 

*3 

89 

53 

49 

Sept. 24 

7 30 A.M. 

88 

1 

J3 

89 

64 

66 

Sept. 25 

7.45 A.M. 

90 

88 

58 

49 

Sept. 26 

7 45 A.M. 

90 

(A 

88 

52 

45 

Sept. 27 

2.00 P.M. 

90 


87 

55 

72 

Sept. 28 

5.15 PM. 

90 


87 

59 

60 

Sept. 29 

5.00 P.M. 

90 

i 

88 

62 

65 

Sept. 30 

4 45 P*M. 

90 

J 

88 

62 

70 

Oct. 1 

5.00 P.M. 

90 

H 

86 

64. 

76 

Oct. 2 

3.30 P.M. 

90 


86 

60 

76 

Oct. 3 

2.30 P.M. 

91 


85 

62 

83 

Oct. 4 

2.40 P.M. 

91 


85 

67 

66 

Oct. 6 

IX .30 A.M. 

9 i 


84 

67 

8x 

Oct. 7 

5.00 P.M. 

90 


84 

64 

70 


1 hoc. tit. 

9 Pilled Sept. 16, 1913. 
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mU» varied for the three aloe, m> significance can be attached to these 
difference*, since factors which would influence the chemical changes in 
silage were noticed at the time of filling the silos, such as the moisture 
content and the maturity of the com. 

The alcohols found in silage were calculated as ethyl alcohol; although 
it is known that other alcohols are formed in small amounts during silage 
formation. The tables giving the results for the hollow clay tile and 
concrete silos show a gradual increase in the amount of alcohol, while the 
results for the wooden silo indicate that the amount of alcohol found on 
the third day after filling the silo is almost equal to the maximum amount 
observed during the period of investigation for this silo. It is further 
noted that the results on this silo are quite irregular and do not follow 
any gradual increase as in the case of the hollow clay tile or concrete 
silos. The alcohol found probably owes its origin, in the greater part, 
to yeasts, since these are known to be present in enormous quantities at 
the beginning of silage formation. It is difficult to state with the present 
evidence whether or not alcohol occurs as a transitory product. It is 
quite probable, however, that a small part of the acetic acid which is 
found in silage is the result of oxidation of some of the alcohol. The 
mechanism of this reaction cannot be definitely explained as yet, since 
free oxygen is absent from the interior of the silo except in traces. It is 
possible, however, that microorganisms are an aid in this oxidation. 

The gas analyses on the three silos show practically the same results: 
carbon dioxide is formed very rapidly during the first few days, and after 
reaching a maximum, which differs slightly for each silo, gradually decreases 
until a minimum of approximately 20% of the entire gas is reached. 
Oxygen, on the other hand, disappears entirely during the first few days. 
The residual gas consists mainly of nitrogen, a considerable amount of 
which must gain access to the silo from the top. As air diffuses down¬ 
ward the nitrogen replaces the carbon dioxide and accumulates while the 
atmospheric oxygen is used by the aerobic bacteria and fungi found at 
the surface of every silo. This, it appears, satisfactorily explains the 
presence of two or three feet of spoiled silage always found at the top of 
silos. 

The temperature observations on the three silos were taken every 
eight hours during the early period of silage formation. Since no appre¬ 
ciable differences were observed during these short periods, only the tem¬ 
peratures taken twenty-four hours apart are given in the foregoing tables. 
The question of the temperatures attained in the silo during the early 
period of silage "formation is one which is very much in dispute and it is 
hoped that the results obtained will greatly aid in clearing some of the 
erroneous conceptions commonly held. As the silage in each of the 
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three silo* was pronounced by experts to be in excellent condition, it is 
only reasonable to suppose that the observed temperatures are the actual 
temperatures prevailing during the formation of good normal silage. 

It is well known that higher temperatures are reached at the top of 
the silos where oxygen gains entrance and partially spoiled silage results. 
Similarly, if oxygen gained access to the silage, due to insufficient settling 
of the silage or to faulty construction of the silo, higher temperatures 
would be noted. In the author’s opinion, a great number of the con¬ 
flicting statements found in the literature on the temperatures observed 
in silos can be directly attributed to the factors just mentioned. 

The results on the three silos during the period of examination indicate 
that no importance can be attached to the superiority of any one type 
of silo over others in regard to the conductivity of heat through the silo 
walls. It was intended to continue the temperature observations through¬ 
out the winter, with a view of ascertaining the relative conductivity of 
the silo walls, but since the silage was fed below the depth of the ther¬ 
mometers before cold weather, this point could not be determined and is, 
therefore, reserved until a future date. However, it is quite probable 
that the three silos will show similar properties. 

The chemical changes occurring during the early period of silage forma¬ 
tion are very similar in the rate of formation and the quantity of the 
chemical constituents produced. When the fact is taken into considera¬ 
tion that the corn was in a different state of maturity when put into 
the different silos, it is not surprising that such results are obtained and 
they can hardly be attributed to differences in the types of silo. 

A complete study of the bacterial flora of silage is necessary, m the 
author’s opinion, before definite statements can be made upon the causes 
of silage formation. It is hoped that these results on the chemical 
changes in silage may be an aid in such an investigation. 

Conclusions. 

The results show that no differences, which could be attributed to the 
effect of different types of building materials upon the process of silage 
formation, were noted in the chemical changes of the silage in the three 
silos. It is readily seen that approximately the same results are ob¬ 
tained in the temperature observations, gas analyses and determinations 
of alcohol, sugars, and the volatile and nonvolatile acids of the silage 
from the three silos. The only differences noted are the differences in 
quantity; the ratio of the chemical substances, however, is very nearly 
the same for each silo. 

The question now arises as to the comparative value of the silage. Is 
silage of high acidity of more value than that of low acidity? In the 
author's opinion silage must have a sufficient amount of acidity to insure 
its keeping, but beyond this point additional acid is neither essential 
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rm beacWil ^ A large mow# of «dd i* known to be harmful but the 
quantity whidTgives the m*rimun£food value has not been determtncxL 
Remarks Concerning the Value of Different Types of Silos. 

Since the three silos produced excellent silage, a short discussion of 
the relative value of the different types of silo will be included in this 
work. In the past the main argument used by wooden silo manufac¬ 
turers was the superiority of wood over stone, brick, hollow tile, or con¬ 
crete as a material for the silo walls. They based their conclusions upon 
the fact that wood is less a conductor of heat than the other materials. 
The temperature results on the three types of silos show that little stress 
can be laid on this point, as all three silos showed relatively the same 
temperatures. The results also show that a high temperature is not an 
essential factor in the production of good silage, since the maximum tem¬ 
perature noted in the three silos was 91 0 Fahrenheit. Moreover, the 
period of silage formation is of short duration, about three weeks at the 
most, and it occurs at a time of the year when the weather is not exceed¬ 
ingly cold, hence for this reason alone, conductivity of the silo wall would 
not play an important part in silage formation. As for silage freezing 
in severe cold weather in the silos, the writer has failed to notice any 
advantage in using afiy one particular material for the silo walls, as the 
thfee silos, constructed of wooden staves, hollow tile, and concrete, re¬ 
spectively, froze approximately the same amount in each instance. Much 
stress has also been laid concerning the effect of the acids upon the stone, 
hollow tile and concrete walls which results in forming a portion of spoiled 
silage next to the walls. The writer believes that such instances are due 
either to the walls not being air-tight, thus allowing air to gain access 
to the silage, or to rough surface walls, which prevent the thorough settling 
of the silage near the walls. Examination of the concrete and hollow 
tile silos, which have smooth walls and contained silage which was prop¬ 
erly packed failed to show any spoiled silage. The chief factors neces¬ 
sary for the production of good silage are, therefore, smooth, air-tight 
walls, corn in the right state of maturity, the proper amount of moisture, 
and carefulness in filling. These four factors properly carried out will 
insure a good quality of silage with a minimum loss due to spoiled silage. 

Summary. 

Examination pf the contents of the three types of silo in use at the 
Iowa Agricultural Experiment Station showed the following chemical 
changes during the actual period of silage formation: 

1. Nonreducing sugars was rapidly changed to reducing sugar, and the 
latter then decreased in amount but did not disappear completely. 

9. The amount of volatile adds increased daily. t 

3. In the concrete silo, as already demonstrated for the hollow tile aacj 
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wooden stave silos, tfce racemic lactic acid produced shorted a daily 
increase. 

4. Alcohol was formed in small amounts in each silo. 

5. Carbon dioxide developed very rapidly after filling the silo. 

6. Free oxygen disappeared entirely after the second or third day. 

7. The maximum temperature observed in any of the three silos was 
91 0 Fahrenheit. 

8. Within the limits of this investigation, no differences were noted 
which might be attributed to differences in the material of which the silos 
were constructed. 

Ambii. Iowa. 
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General Chemistry: Part I, Principles and Applications, pp. vi 4 - 410; Part II, 
Experiments , pp. xiv + 174. By Lyman C. Newbix. Boston* D. C Heath 
& Co. 1914. Price. $1.20 (separately, Part I, $1.00; Pait II, 60 cents.) 

“This book has been written to meet the demand for a simple and 
practical treatment of the principles and applications of chemistry. * * 

* * * Not only must the student be taught the principles of chem¬ 

istry, and their applications in daily life, but he must be taught in such 
a way that, should occasion arise, he can use chemistry to earn a living” 
(Preface). 

Part I contains the usual elementary matter. Many applications, like 
the pulmotor, ammonia refrigerator, and acetylene blowpipe, receive at¬ 
tention. A large number of chemical industries are discussed. Organic 
compounds and food and nutrition occupy thirty pages. The amount of 
information included in some chapters is very considerable. Thus seven 
classes of proteins are discussed and, aside from the acids related to fat, 
no less than seven organic acids are described. The periodic system 
receives due attention. Modem views, such as those connected with 
ionization, are used, and the results of recent investigations, such as those 
on radioactivity, are included. 

A book for beginners should be written so that every sentence is un¬ 
ambiguous and its meaning obvious. The author does not always suc¬ 
ceed in reaching this ideal. For example; “The sulfur wells * * * 
are very powerful, a single well often pumping 500 tons daily/’ “The 
number which expresses the combining power of an atom of an element 
is called the valence of the element.” Capacity would convey the idea 
better than “power.” “The gas (ammonia) is very volatile, and is usually 
collected by upward displacement.” Is any connection between the two 
parts erf this sentence intended, and what does “volatile” mean, foe? 

The order of topics chosen seems to result in frequent mention of sub* 
jects not yet discussed. Nitric add, with its numerous reduction prod- 
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Mddte pt^iU . Sin tttrfflhrftcfa— Lthr- nnd Hnndbudi der Koditltutlon tmd der 
pfaydliliedhen, cheadw ch cn, tmd tedmlechen BSgenedhefteii der Mefcffle end 
metsllischen Legierungen von Dr. W Guerteer Zweiter Tea. Die biniren 
liftcrungnn adt Kohlenetog, Sflirinm, than, Ber» Aluiniahim, gnfancnOlm, Brd- 
eUndlyifttiLllcq, AlfctUmeUllda und Queen. Heft I, Die JUmstitution dee Systems 
Eken-fcohlenitoff towie der sonctigen biniren Kohlenstofflegierungen. Berlin 
Verlag von Gebruder Borntra,eger 1913 Pp xl + 648 Price 32 Marks 

^Tbe remarkable growth of metallography and especially in its applica¬ 
tion to iron and steel is well s^qwn in this volume in which 630 of the 
4*4 pages are devoted to the explanation and critical discussion of the 
phenomena involved in the equilibria of the single binary system, that of 
iron and carbon. It is even more striking when one considers that noth- 
Ijjgg is said pf the physical and mechanical properties of iron and steel 
The relationships between physical properties and the equilibrium dia- 
yam are to be discussed in a later volume and it is sincerely hoped that 
t$$ author may be spared to complete his task. Dr. Guertler is emi- 
m #Uy well fitted to do thu work as it needs much impartial and critical 
4htCUSsion. In this volume he has examined all of the experimental data 
Tfith a thoroughness which is astonishing. Controversial material is 
handled very justly and fully and the data analyzed in such a way as to 
njt least allow one tp have a temporary opinion. In view of the large num¬ 
ber of experimental papers which, are appearing, the opinion can be only 
a provisional one, and in fact the whole subject is being so carefully scru¬ 
tinized in many laboratories that the time seems scarcely ripe for mpre 
than a Statement of fact 

The book is well illustrated with many photomicrographs and dia- 
gtarnSf and is exceedingly well printed. 

The few pages not devoted to a discussion of the various phases of the 
^on-carbon diagram are devoted to the carbides of other elements. 

Hknry Pay. 


Introduction to Organic Chemistry. By John Tapp an Stoddard, Professor of 
Ch e mis t ry in S mi th College. Philadelphia P Blakiston’s Son he Gjoeppany. 
pp, vih -f Price, $1 50 . » 

The scope of this text as stated by the author in the preface is as fol¬ 
lows: “The book is intended to be used in connection with lectures, 
recitations and laboratory work in the first course of organic 
in college. The author has endeavored to present the subject staple 
directly and connectedly, so^that the student may gain a dear idea 4*1 the 
principles of organic chemistry and its relations tp general chopi*tyf* 
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* * * * * E mph asis is laid on general reactions and eharacteris* 
tics, rather than on special facts relating to particular compounds. * * 

* * * * Many applications of organic chemistry to practical life 
are given. ***** The book is considerably smaller than many 
of the texts on the subject, but it is believed that it is none the less com¬ 
plete in all the essential matter which is properly presented in a first 
course.” 

In the opinion of the reviewer the author has been fairly successful in 
his efforts. The size and scope of the book reminds one of Remsen’s 
“Organic Chemistry,” although the method of presentation is somewhat 
different. 

It has seemed to the reviewer that the text, in common with a number 
of texts in organic chemistry, is unnecessarily cold and uninviting for a 
first course. The great number of acts to be presented and the desire 
to keep the text within ordinary limits naturally lead to the omission 
of much interesting information. Perhaps it is the intention of the author 
that such information should be supplied by the teacher—but unfortu¬ 
nately this expectation is not always realized. The author of the text> 
before us uses no illustrations or figures of any kind, unless indeed one 
considers structural formula as falling under this head. Of course illus¬ 
trations and pictures are not necessary in such books—neither are they 
in our homes for that matter; but if properly selected they may in either 
case have an educational value. 

The author makes the statement that formaldehyde is used as a food 
preservative and gives the well-known method for detecting its presence in 
milk. The reviewer doubts if this compound is any longer used for this 
purpose. He also doubts if 95% alcohol can be made for 20 cents a gal¬ 
lon. 

On the whole, the book contains the fundamental principles of organic 
chemistry presented in a fairly ^tifadi v T e way and may be recommended 
to teachers in search of such a text. Wm. McPherson. 

Elementary Household Chemistry: An introductory text-book for student*; of Hoftie 
Economics. By John Ferguson Snell, Professor of (Chemistry, MacDonald 
College, McGill University. New York. The MacMillan Company i9*4- PP* 
307. Price, $1 .25. 

The task which the author has set for himself in these pages is, in the 
nature of the case, a difficult and, as it seems to the writer of this review, 
an undesirable one. The title page says it is an introductory text-book 
for students of home economics. The field of home economics covers 
many subjects and is fairly well outlined for study under the divisions of 
food, clothing and shelter. Even in the present undeveloped stage of 
the subject, there is abundant material for an elementary book upon any 
one of these divisions. Moreover, it is to be hoped that the student 
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whom hare had no previous instruction in chemistry 1 , M the writer doubts 
if this is ft good way to teach either chemistry or home economics. Further, 
if, os the preface state# later, the author had also in mind “the needs bt 
students who had had training in general chemistry,” then it seems such 
sttudehts ought to be #bfe to use a less elementary bode, to be ready to do 
twee intensive work in both chemistry and some ode phase of home econom¬ 
ics. So other words, fc^the pOraent stage of development of home eco¬ 
nomics, even elementary work in it requires elementary knowledge of four 
rather than one science,. 


While the reviewer has little sympathy with this method of teaching 
either elementary chemistry or home economics, she does find much ex- 
m feat material is the book. The subject matter is put in an interesting 
and dear way. Much ingenuity has been shown in selecting the experi¬ 
ments, h> the elimination of irrelevant matter, and in the presentation 
Of the essentials. 1 

The following suggestions are offered concerning the experiments, 
it awe wished to prepare carbon dioxide (p. 5), it would seem that it 
amid be done more easily and* more simply, and when grape sugar and 
ywt are used, it would be better to take a liter flask and a cake of yeast, 
and then test for other products as well as carbon dioxide; again, strenuous 
objection is made to teffmg temperature by the hand (p. 7); chemistry 
apphed to the household ought to teach,accuracy by the use of scales 
and the thermometer and netthes" of these instruments are suggested in 
this text; the statements (p. 181) concerning jelly-making do not 
agree With the results of Miss Goldthw#ite’s investigations; it seems de¬ 
sirable tf one teaches anyMtesatfication of proteins <p. 184) to use the (me 
agreed upon by scientists; the amount of Sour used in making the gluten 
test (p. 190) is far too small for satisfatory results, and it is most de¬ 
sirable «o obtain tbe gh#q from the Sour of both soft and hard wheats 
in order to enable* tire Student to learn that fundamental distinction in 
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The appeghe mmteins upuch useful material well arranged. A good 
MMic^plti^gstilPti to the value of the text. The book wil be help¬ 
ful to thefftiMt mNfcshtihtaxy chemistry and may provide suggestions 
fgd ghf^lP^^laatilSXsi Of home -economics in secondary schools. 

Zsabsl Bavin*. 
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eoncernixig the ultimate nature ^of the material Inverse 
goes far t>dek into *ths» early history of Tnsntfct As loon as several 
of the ancient Greek jAilosopfam perceived UHi'wd* rfrfpaiIs 

hypothesis is the ahnple^yjiethaC of accjgmtwg fopenings, they attempted 
to imagine t&A nature aFlhe ultimate particles. The apparent perma¬ 
nence df^be Universe suggested_thafcthese particles casftjLnever become 
wqrjb .out, and hence the apefcsts nglvdy 'Conceived of «H^n as being 
infinitely h|tth ^Newton'ipherited this idea, and speaks ^sj&tfaan once 
of “hatd, massjPfcartidw.? Na*Jfcug» over a hundred years ago, Deito® 
brought forth conviacdsA qddntitatim evidence in favor of the atomic 
theory, putting it thus mpnrfSfOi t»|gt and $he theory was hWcr adopted 
by physicist* tp explain tMwvutegases. 'Throughout these «o» 
^derations the notion of SP..hicatnprc?sihW (but perfectly irsilpnt) 
atoms persisted. partly becarf* U# assumtffm «pn*d §» » Convenient 
basis for mathematical analysis. *** .. 

According to the tenet? gayrifr^d ds^n^ jm lMt^ yearasolids 
and liquids, as well as gases, aStfeggxjfei} to befourtituted of smaH bard 
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atoms (or complexes of hard atoms called molecules) with wide, empty 
•paces between them—these particles being supposed to be each for itself 
in violent irregular motion to and fro, due to heat. There is, however, 
nothing in this philosophy to distinguish solids and liquids from gases, 
although in reality they are very different indeed. Such a conception 
gives a very reasonable picture of the state of a gas, but does not explain 
the fixed bulk of liquids nor the rigidity and impermeability of solids 
To overcome these difficulties, it was necessary, in discussing solids and 
liquids, to add to the hard imaginary incompressible particle a magic 
“sphere of influence" surrounding it, which would prevent its touching 
other atoms; but how this “sphere of influence" was constituted no one 
was quite prepared to say* * 

About fifteen years ago, in studying the behavior of gases, I came to 
the conclusion that, even with this dilute form of matter, the imaginary 
particles (although here widely separated) were still surrounded by 
“spheres of influence," somewhat but not very much larger than those 
imagined to exist in liquids, This conclusion raised a serious question 
as to the real boundary of the space occupied by the atom itself. It 
seemed that since a “sphere of influence" appears always to accompany 
the atom, the little hard particle in the middle might have no real physical 
significance; this imaginary hard particle appeared to be a purely arbitrary 
assumption. The so-called “sphere of influence" in all its relations acts 
as if it were really the important thing to be considered. Hence the 
question was proposed * Why should we not call this “ sphere of influence " 
the atom itself, since it always accompanies the atom; why should we 
pretend to know anything about how the material is distributed within 
its limits? The gain in this point of view is twofold. In the first place 
it concentrates the interest and attention upon the entity which actually 
comes into consideration; on the other hand, it abolishes an arbitrary 
hypothesis. Moreover, since the so-called “sphere of influence" appears 
to be rarely spherical, even the designation of the old idea is of doubtful 
legitimacy. 

If then, we consider this space which the atom actually occupies in 
liquids and solids as being the bulk of the atom, we must admit that 
the atom is compressible; for this space is diminished by increasing pressure. 
In other words, liquids and solids are actually compressed when pressure 
is applied td them. 

Such atoms, compressible and elastic throughout their substance, would 
be capable of sustaining and transmitting heat-vibration, even if closely 
packed together; fidnce this conception of solids and liquids does not inter¬ 
fere with the m&hanksal conception of heat. 

One can easily wgrthat the new hypothesis is suggestive. If atom* 
are compressible, add are packed closely together in solids and 
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ical change, the action of the chemical and cohesive affinities which hold 
the atoms together? May we not with the help of this study interpret 
anew the mysterious symmetry of crystals* May we not correlate nuxnei> 
eras properties in relation to one another and by means of the fundamental 
conception show the mutual dependence of all the properties of matter? 

In this brief address I shall not attempt to present all the far-reaching 
applications of the theory of compressible atoms, but I shall endeavor to 
show how the new conception explains many apparent inconsistencies 
in the earlier interpretation, and how it presents the picture of the mani¬ 
fold phenomena of the physico-chemical Universe in a new and more rea¬ 
sonable light. In so far as is possible in a brief presentation, the endeavor 
will be made to discuss systematically the most important applications 
of the theory which have thus far been made. Let us begin with the 
properties of gases, which, as I have said, first suggested the idea. 

To the layman, the attempt to discover anything whatever from the 
properties of gases as to the spaces occupied by molecules themselves 
might at first seem quite hopeless, for everyone agrees that in gases (at 
least under ordinary pressure) there must be wide, empty spaces between 
the molecules, so that the total bulk occupied by the gas as a whole must 
be made up of the sum of the comparatively small space actually occupied 
by the molecules and the much greater spaces between them. 

The task would indeed be hopeless except for the existence of the well- 
known, Simple laws of Boyle (or Mariotte) and Charles (or Gay-Lussac) 
governing gases. These laws, we have every reason to believe, should 
apply with absolute precision to a perfect gas—an abstraction which may 
be defined for the present purpose as a gas in which the molecules are 
imagined as mathematical points without any attractive affinities. They 
tell us, as you well know, that the vplume of a perfect gas ought to be 
exactly proportional to the aJj&IUte temperature, and inversely pro¬ 
portional to pressure. If these laws apply exactly to the imaginary case 
in which the molecules occupy no space whatever, it t is evident that any 
deviation from them ought to afford a due as to the actual bulk occupied 
by the molecules in any &iVen gas. This aspect of the question was first 
pointed out by Budde In 1874; and thr&s years afterwards, van der Waals 
saw dearly, for the first time, that not only tha bulk occupied by the mole¬ 
cules, but also the attractive affinities between them must affect the volume 
of a gas. This latter agency would diminish the outward pressure (and, 
therefore, the volume under constant pressure) by puffing the particles 
inward. Taking account of these two tendencies, namely, the tendency 
of the molecule itself to occupy spice and its tendency to attract other 
molecules, van der Weals contracted Ms weS-known equation, which 
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Now it is well known that nobody has ever been abk to find for any gas 
a perfectly constant quantity (b) which will serve in this equation to repre¬ 
sent (lor all temperatures and pressures) the exact amount of space oc¬ 
cupied by the molecules themselves. Fifteen years ago, this inadequacy 
in vender Waals’ equation excited my interest, and I sought to discover, 
if possible, the reason for the lack of the exact fulfilment of the mathe¬ 
matical expression. The matter is complicated by the coexistence of the 
two effects mentioned in the preceding paragraph; it is difficult to be sure 
that the affinity-effects have been entirely eliminated from the estimate of 
the bulk. Nevertheless, careful study made it seem highly probable that 
at least one reason for the inconsistency is simply a real changeableness 
in the space occupied by the molecules under varying circumstances. 

In other words, it seemed as if the molecules sometimes occupy more 
Space and sometimes less, as if they might be diminished in bulk by pres¬ 
sure (in other words, compressed), and as if they might be affected in size 
also by changing the temperature. 

At that time, however, although the results were suggestive and led to 
a search for signs of atomic compressibility among other phenomena, 
they did not seem to be conclusive, for two reasons' In the first place 
one could not be sure, as already stated, that the effect of affinity had 
been entirely allowed for, and in the next place one could not feel sure 
whether the compression affected the atoms themselves, or only mole¬ 
cules built of several atoms. In order to obtain conclusive evidence on 
these points, one must study some gas which has only a single atom in 
each molecule, and which has practically no cohesive tendency. In such 
a gas any change in the calculated bulk of the molecules must be referred 
directly to the atoms, because here in this special case the molecule and 
the atom are identical; and the lack of cohesiveness or self-affinity would 
eliminate the complication affecting the pressure, thus going back to 
Budde’s original idea. 

Fortunately just sqcfa a gas exists in helium, and the recent data of 
KamerHngh-Onnes show indeed that helium atoms in all probability change 
their apparent buBc with changing conditions. 1 One can easily compute 
the quantity b (which must be a function of the apparent collision-bulk 1 
of the molecules) from these data; thus it is found that at o° C. the quan¬ 
tity b is is cc., and at ioo° C. it i9 only 10.4 cc. per 4 g. of helium 
under moderate pressure. 

1 Richards, This Jou*nai., 36, 617 (19x4)* 

* The apparent collision-bulk is the bulk which is made up of imaginary spheres 
with the radius of half the apparent distance b e twee n atomic centers on nearest ap¬ 
proach during collision. It includes an effect due to the time of collision. 
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Evidently, ttan, the apparent collision-bulk of the molecules in helium 
must be sm a l le r at high temperatures than at low temperatures, and the 
only satisfactory way of accounting for this is to suppose that the greater 
velocity of the colliding atoms at high temperatures produces a greater 
compressing effect upon them, so that at high temperatures they seem 
to occupy less space than at low temperatures. The data are not as 
plentiful as one would like, but the laboratory work seems to have been 
carefully done by the great Dutch experimenter, and the evidence is strong. 
If the helium atoms are thus capable of compression, it is only fair to as¬ 
sume that other atoms are also compressible; and one is given immediately 
an adequate and satisfactory qualitative explanation for the deviations 
of all gases from the exact requirements of the equations of van der Waals. 
If the molecules and atoms are compressible, of course no constant value 
could be found for their bulk under varying conditions. 

Not only the equation of van der Waals, but also that of corresponding 
states (a mathematical deduction evolved from the former equation) has 
its difficulties of interpretation smoothed away by this assumption of 
atomic compressibility. The reason why this equation also is by no means 
exact, applying only with similar substances, is made clear. 

But these interesting conclusions are not the only outcomes of this 
discussion, for the idea that atoms are compressible at once leads to the 
conviction that the atoms in gases are much larger than van der Waals 
supposed them to be. All his conclusions referred to the apparent col¬ 
lision bulk, which must needs (in compressible atoms) be considerably 
smaller than the true bulk, because of the great velocity with which the 
colliding molecules in a gas are known to strike one another. Those 
who are interested will find the argument rather fully set forth in the recent 
article already mentioned; there is no time here to go into detail, but the 
outcome may be stated. This is, that the bulk of the molecules, when not 
compressed, may perhaps be about that of the so-called critical volume. 
This idea gives us a new delinition of the critical point—one of the most 
p uzz ling phenomena concerning the relations of liquids and vapors. 

The study of the critical point brings us naturally to the next heading 
of the discourse, namely, the application of this idea of atomic compressi¬ 
bility to liquids and solids. It has just been pointed out that the logical 
discussion of the properties of aeriform matter indicates that the bulk of 
the uncompressed molecules in gases is much larger than had previously 
been expected. Indeed, as stated above, it appears that the actual bulk 
of the molecule in a gas is to be considered as about the critical volume, 
which is of course considerably larger than the space occupied by the liquid 
under ordinary conditions. That is to say, we must imagine the atoms in 
a liquid as being not only packed closely together, but packed so closely 
that every atom is much compressed by the force of the cohesion. 
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This seem* revolutionary indeed. 1 It wan formerly thought that the 
atoms, even in liquids, were as far apart, relatively to their sire, as the 
planets in the soleCr system. Van der Waals, to be sure, did away with 
this extreme view by his equation, giving good evidence that the atoms 
were at least as large as one-third of the space occupied by the liquid; 
but the new conception now advocated makes them much larger still. 

In what direction must we seek for further evidence of the close-packing 
and compression of atoms in liquids and solids? Much is at hand. Strik¬ 
ing support for this hypothesis is seen in the slight contraction which liquids 
and solids suffer on being cooled to the absolute zero. If the atoms really 
have wide spaces between them in solids, these spaces should disappear 
at the absolute zero, where heat-energy is supposed no longer to exist; 
but no substance known to me contracts anything like as much on cooling 
to very low temperatures as it should to correspond with the requirements 
even of van der Waals* theory. 1 Evidently something very different from 
heat vibration is the chief tendency which maintains the bulk of liquids 
and solids. 

Precisely in line with this conclusion is the inference to be drawn from 
the compressibility of matter at low temperatures. If the ordinary con¬ 
ception of matter is true, it should be wholly incompressible at the absolute 
zero; on the other hand, if the theory of compressible atoms is true, matter 
should be almost as compressible at the absolute zero as it is at ordinary 
temperatures. I pointed out in the Faraday Lecture of 1911 that the latter 
is probably the case, basing the conclusion on an extrapolation of the results 
of GrUneisen obtained at very low temperatures. In this crucial case 
again the facts decide in favor of the theory of compressible atoms. 

Yet another obvious argument among many may be cited. The 
ordinary theory demands that all material should be porous with large 
spaces between actively moving molecules. This idea is so interwoven 
in the science of today that most text-books on physics name porosity as 
one df the universal properties of matter. Now as a matter of fact in 
very many cases porosity is conspicuous by its absence. Liquid has been 
imprisoned in quartz and other materials for countless ages; many solids 
indeed (especially crystals) are thoroughly impervious both to liquids and 
to gases. This could hardly be the case if there were wide spaces between 
the rapidly moving molecules. Other instances are cited in the Faraday 
Lecture of 1911^ to which those interested may be referred. 

That an occasional substance, such as monoclinic sulfur which has been 
metamorphosed into the rhombic form at low temperatures, or iron (which 
undergoes a well;recognized solid transition below its melting point), 
or amorphous fused silica, might have minute pores within its fabric 4 s 
only to be expected; this fact does not militate at all against the theory. 

1 Tms Jouxnal, 36,626 (1914). 
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From another point of view also! the ordinary conception of a solid has 
always seemed to me little short of an absurdity. A gas, indeed, may very 
properly be imagined as consisting of moving particles independent and 
far apart from one another, but how can a rigid solid like steel possess such 
an unstable structure? 

These and many other considerations, then, lead me to conclude that 
in solids and liquids not only are the atoms packed closely together to form 
molecules, but that also these molecules are packed closely together to 
form the material solid and liquid substances which we can see and handle. 
We must conclude that heat vibration occurs in these closely packed mole¬ 
cules by a somewhat different mechanism from the rectilinear tnotion which 
we all imagine to be the carrier of heat energy in gases. We must imagine 
that these compressible molecules are working upon one another in some¬ 
what the fashion discernible in the microscope among small floating parti¬ 
cles and called the “Brownian movements.” Of course, the molecular 
upheavals must take place on a much smaller scale, but the analogy is 
illuminating. Such a motion would obviously turn into a rectilinear one 
if a molecule were freed from its bondage to other molecules, that is to s$y, 
vaporized. 

Having thus step by step come to the conclusion that the atoms in 
liquids and solids must be packed closely together and that they must 
be compressed in this close contact by the forces which hold them together, 
we are immediately stimulated to study in detail the effect which cohesion 
and chemical affinity may have on these compressible objects, the atoms. 
May not the study of the changes exhibited by the volumes of liquids and 
solids under varying conditions be able to throw much light on the forces 
which hold solids and liquids together if all this be true? 

Chemical affinity and cohesion are phenomena of the utmost importance 
in our daily life. The existence and stability of all the complex molecules 
which make up our bodies and our environment depend upon the chemical 
affinity; and cohesion is the agency which causes these molecules to 
assume the solid and liquid states, without which the world would be 
indeed “without form and void.” Therefore, the study of these agencies 
is highly important to anyone interested in man’s relation to the physical 
universe in which he has been placed. 

We know very little about the nature of the forces which produce these 
effects, and every phenomenon which can throw light upon them should 
be eagerly pressed into service. 

The first question which demands answer before any conclusions can be 
drawn is the question whether chemical affinity and cohesion exert 
pressure in their action, or whether they merely hold the atoms and mole¬ 
cules together without pulling them toward one another. I am aware 
of no adequate discussion concerning this point, important as it is; and I 



doubt if there is chemists and physicists concerning 

it. Of course, all know that gravitation, at least, acts at a distance and 
pulls objects together. When two objects are in contact, gravitation 
causes their surfaces to press on one another. Undoubtedly gravitation 
has something to do with cohesion and chemical affinity, but it is equally 
certain that some agency besides gravitation comes into play. Does 
this other force or concatenation of forces also pull inward? 

Clearly the theory of compressible atoms gives us a means of finding 
an answer to this question. For if the atoms are compressible, a force 
which pulls them together will diminish the volume of the system by 
pressing them upon one another. But a force which merely holds the atoms 
together, without pulling inward, could have no such effect. Hence, 
assuming pragmatically that the practicable bulk of an atom is com¬ 
pressible, we may infer that cohesion exerts pressure if we find diminished 
volume in cases where great cohesion is known to exist. Precisely the 
same argument may also be applied to chemical affinity. Consistency 
in the outcome must afford strong support for the assumption on which 
the inference was based. 

Plentiful data exist supporting this point of view. Although it is some¬ 
what difficult in a brief lecture of this sort to present dearly the situation 
(because the variables are so many that no feasible mode of representation 
can make all of the relationships dear at once) it is hoped that the following 
explanation may be comprehensible and convincing: 

Let us first study the behavior of cohesion, because some knowledge 
of cohesion is necessary in order to interpret chemical affinity. Cohesion 
manifests itself in various ways. The most obvious is the mechanical 
resistance to the separation of one part of a substance from another. 
Thus it appears, often modified, in the properties of ductility, malleability, 
tenacity, hardness, and may be supposed to be concerned with surface 
tension and with resistance to evaporation. There are, therefore, many 
guides which afford an approximate idea of the magnitude of the cohesive 
tendency which may exist in a substance. 

We may then ask ourselves: Do bodies having great cohesive affinity 
act as if they were under great internal pressure? If this is the case, it 
would not be unreasonable to ascribe the great pressure to great cohesion. 

What now are our guides as to the presence of pressure in a given 
system? The most obvious is the diminution of the volume, because 
pressure always produces decreased volume. Diminishing volume of 
co u r se means that the density of the substance in question is increased. 
Hence, other tilings being equal, if the external pressure is constant, at 
least one of the causes of the appearance of a greater density in a given 
substance may be the existence of a greater internal pressure within it 
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Another evidence! that pressure exists within a given system is to be 
found in the slight effect of further additional pressure. From this tenta¬ 
tive clue, based upon experience, one may infer that the existence of 
only a slight compressibility in any system probably signifies the residence 
already in that substance of considerable internal pressure, upon which 
the slight added increment will have but little percentage effect. 

Yet another still more subtle evidence of great pressure in any system 
is the constancy of the compressibilities under changing pressure. In 
a system already under great pressure each small successive addition of 
pressure will be nearly the same percentage of the whole, and, therefore, 
each like addition would be expected to have very nearly the same effect 
upon the volume. On the other hand, if the substance is under small 
pressure, each successive equal addition of pressure will be a much 
smaller percentage than the preceding and would, therefore, have a greatly 
diminished effect upon the volume. Thus if the compressibility decreases 
greatly with increasing pressure, one may infer that but little pressure was 
present in the first case, but if a body possesses a small compressibility 
which is nearly constant over a wide range of pressure, we should feel 
obliged to believe that a great internal pressure was already present in some 
form within the substance. 

A fourth means of guessing as to the presence of internal pressure may 
be inferred qualitatively from the effect of temperature upon the body being 
studied. Where a rise of temperature produces a very marked effect 
upon the volume, we may guess that there are only gentle forces holding 
the body together; but where the effect of rising temperature is slight, 
we may suppose the internal pressure to be great. 

We have, then, in addition to the several criteria indicating a tendency 
to hold together, four different methods of evaluating a tendency to pull 
together. If the phenomena show that these tendencies all go hand in hand 
the presumption would be very strong that great cohesion produces pressure, 
and that this pressure is actually effective in reducing the volume of solid 
and liquid substances. 

Because of the many variables involved, it is clear that our safest con¬ 
clusions are to be drawn from the comparison of isomers; here we can com¬ 
pare a number of substances having exactly the same components. 

The following table compares seven properties of two typical organic 
isomers. In every case the relation is exactly in accord with the theory 
in question. The denser has the less compressibility, the less decrease of 
compressibility with pressure, the less coefficient of expansion, the higher 
boiling point, the greater surface tension and the greater heat of vaporisa¬ 
tion. That this solidarity of all the properties should be due to chance 
is extremely i mpr ob able. 
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p«n*ity.,.'.........,. 0.87*5 o.87*o‘ 

CompitMlbSity X 10*. 78.9 80.8 

ttocresne of com p res s . (per 200atm,) X io 1 . 13.6 15.0 

Corf, of expansion*. 0.001347 0.001394 

Boiling point. i3o.8° 109.8° 

Surface tension. 24.58 33.3 

Heat of vaporisation (kilojoules per mol). 34.7 33 9 

Many other such tables might be given; and although in some cases 
deviations from the theory appear, the percentage of agreement among 
the many substances which I have thus far compared is so very great that 
the evidence is overwhelming. 

Let us now change our method of comparison. Instead of comparing 
many properties of two substances, let us compare two properties of 
many substances. For example let us compare the boiling points and 
densities of substances having the formula CrHuOt.* Here it is seen that 
the greater density follows closely the higher boiling point, exactly as the 
theory suggests. (The diagram is given on the opposite page.) 

Again, the comparison of the surface tensions and compressibilities of a 
number of compounds of carbon, hydrogen, nitrogen, and oxygen chosen 
at random shows a marked tendency to grouping in a definite curve of 
the kind predicted. 1 This is very striking, especially when one considers 
the great variety of substances discussed. The relation between the com¬ 
pressibility and its decrease with pressure is also striking. 4 Here again, 
although there is some scattering, the points are all grouped near a definite 
curve, showing that there is a real relation of exactly the sort indicated 
by the theory of compressible atoms. It is clear that all these phenomena 
taken together constitute so strong a basis of fact that one can hardly 
Jtyoid the conviction that they are due to a common cause; and the only 
reasonable cause seems to be*the action of cohesion, which is thus shown 
to exert pressure. 

These considerations led to the actual experimental study of com¬ 
pressibility because, as a rule, it is a mistake for anyone to theorize greatly 

1 These data were determined as follows: The rise of temperature needed to 
make each liquid expand 3*42% of its original volume (in a calibrated dflatometer 
allowing for the expansion of the glass) was found by repeated experiments to be 3 r* 3 * 
for the butyrate Suad 36 2 0 for the isobutyrate. The initial temperature was ai«5*» 
and the coefficients are referred to the volume at this temperature. The result is, 
therefore, the mean value over this range (or about that at 35 °) referred to the volume 
at 31.5 °. As comparative results alone are needed, this suffices. 

1 Richards, Proc Am Acad , 39, 594 (1904) A somewhat similar comparison Is 
made by W. A. Noyes in his Organic Che mistry, p. 368 (1903). 

4 Richards and Mathews, Tiers Journal* 30, is (1908), 

4 Richards, Stull, Mathews and Speyers, Ibid., 34, 990 (19x3). 
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about a Series of phenomena, with which he has not come face to face in 
the laboratory. This work, as well as much other work conducted in 
laboratory, has been generously subsidized by the Carnegie Institution Of 
Washington. The already existing methods for determining compressi¬ 
bility having been found inadequate, a new and convenient method for 
determining this somewhat elusive property was devised. With the help 
of this method the compressibilities of about forty elements have been 
determined at Harvard —only two or three having been known before. 
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Fig. i. 

The divergent point on the ordinate 150® represents methyl caproate, and that less 
divergent on the ordinate 139 isoamyl acetate. 

The other substances, named in order, are isopropyl isobutyrate, isopropyl buty¬ 
rate, propyl isobutyrate, ethyl isovalerate, butyl propionate, propyl butyrate, ethyl 
valerate, isobutyl propionate, ouiyl acetate, methyl isobutyl acetate, hexyl formiate, 
isoamylacetic add, isoheptylic add, iso-onantbic add, and heptylic odd 

It was found that in the case of the solid elements the compressibility shows 
periodic fluctuation as the atomic weight increases, and that in general, 
with elements as with compounds, the bulky volatile substances are the 
most easily compressible. This was new-—neithdt the facts nor the ex¬ 
planation had been available before. Obviously the explanation is ex* 
actly like tha t applied to the isomers above. When a substance is held 
firmly together by cohesion, that is to say, when it is non-volatile, one 
would expect it to be much compressed by this great cohesion. There¬ 
fore, it should be dense, that is to say, have small atomic volume; it 
should be slightly compressible, and should possess only a small coefficient 
of expansion. This is precisely the case. 






Consistently, dements with gseat atomic volumes show, in general, 
also great volatility* great compressibility, great coefficient of ekpatufem, 
and great change of compressibility with increasing pressure. The ac¬ 
companying diagram, taken from the Faraday Lecture of 1911, clearly 
indicates the relation of atomic volume to compressibility in the cases of 
those solid elements which have been measured. 



Pig. 2. 


It is true that the regularity is not perfect, but the small discrepancies 
may often, if not always, be explained through taking account of the un¬ 
doubted fact that the tendency even of elementary atoms to cling to one 
another manifests itself in diverse ways. Thus many elements make 
polyatomic molecules, and the internal pressures within the molecule 
must be greater than those which bind the separate molecules together. 
This latter cohesive tendency is that which has to do with volatility, 
whereas the other properties are usually determined by a net effect due 
to both. On the whole, then, the evidence becomes extremely strong 
that cohesion exerts pressure. 

Let us now turn to chemical affinity. 

If cohesion produces compression, must not the far stronger aggrega¬ 
tion of forces which (for lack of a better name) we call “chemical affinity” 
also produce compression? If this is the case, must not chemical affinity 
be one of the essential factors in determining the volume of all liquid and 
solid substances? This is a highly important question, the answer to which 
brings with it quite a new interpretation of the mechanism of chemical 
action. 

Since, as we have seen, cohesion is an important influence in determin¬ 
ing liquid and solid volumes, we can only hope to trace the further effect 
of chemical affinity after we have made allowance for such an effect as 
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cohesion may produce. Because as a rule both occur together and the total 
volume must be fixed by superposition of the two effects, it is hard to 
discriminate between the two. We can, therefore, expect to trace the reia* 
tive compressing effect of affinity most satisfactorily by comparing cases 
in which the effects of cohesion in both factors and products are not very 
different. To cite a definite example, a good case to compare would be the 
contractions which occur on forming the chlorides of strontium and lead, 
for the two metals are not very different in boiling point (a fact which shows 
that their internal cohesive affinity is not very different); moreover, 
the resulting compounds also are neither of them very volatile; and 
chlorine is common to each reaction. Hence one may have a reasonable 
expectation that a comparison of these two substances should yield some 
clue as to the relative compressing effect of the affinity of chlorine for 
the two metals. 

What are the facts? A gram-atom of strontium occupies 34.5 cc., 
and two gram-atoms of chlorine occupy 50 cc., or 84.5 cc. in all. But 
a gram-molecule of strontium chloride occupies only 51.9 cc.; hence in the 
act of its formation there has been a contraction of 32.6 cc. Similarly, 
when a gram-atom of lead unites with chlorine there is a contraction of 
20.1 cc.; distinctly less than in the former case. This is just what we 
should expect if affinity causes compression, for the affinitv of strontium 
for chlorine is undoubtedly much greater than that of lead for chlorine. 
The heats of formation of these chlorides (which in parallel cases of this 
kind give a roughly approximate idea of the relative free-energy changes 
involved) are 772 and 346 kilojoules per mol, respectively; moreover, 
strontium will replace lead in this compound. 

Many other similar cases have been noticed from time to time. The 
first seems to have been pointed out by Humphry Davy in a footnote to 
one of his papers, 1 and figures of this sort have been quoted occasionally 
by others (especially Muller-Er^bach Hagemann, and Traube) as showing 
that high chemical affinity is associated with small volume. Neverthe¬ 
less none of the earlier observers succeeded in convincing the chemical 
public of the generality of the proposition, perhaps for the reason that 
there appeared to be altogether too many exceptions to the rule; more¬ 
over, the argument was logically incomplete. According to the present 
theory, the supposed exceptions are seen, usually if not always, to support 
the rule; indeed they are really necessary consequences of the rule. The 
effect of cohesion may entirely mask the effect of affinity, especially when 
some of the factors or products are volatile substances in which the cohesive 
internal pressure is slight; again, one must,obviously take into account the 
compressibility of the bodies under examination. Both these modifying 
tendencies were entirely ignored by the earlier experimenters; but the prob- 
1 Humphry Davy's “Collected Works," St 133 (*$40). 
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able influence of each tendency is now dear, and their existence explains 
many apparent irregularities which are now seento be due, not to acci¬ 
dent, butt merely to the necessarily confusing superposition of the several 
effects. 

The example cited above (namely, the comparison of the chlorides of 
strontium and lead) was especially chosen because the compressibilities 
of the elements (lead and strontium) are not far apart: the difference in 
the contraction may therefore be ascribed chiefly to the difference in 
affinity. The effect of compressibility, on the other hand, is best seen 
by comparing the contractions occurring during the formation of similar 
compounds of elements having large and widely different compressibilities, 
but similar affinities. The series of five alkaline chlorides is especially 
suitable for this purpose; the elements are all fairly similar to one another 
as to their cohesiveness (that is to say, their boiling points, except in the 
case of lithium, are not very far apart) and their affinities for chlorine also 
are not very different; 1 but their compressibilities vary widely. The fol¬ 
lowing table and diagram compare the latter data with the contraction on 
combination. It is clear that the greater the compressibility of the metal, 
the greater is its contraction on combination. 

Compressibilities of Mbtals of the Alkalies Compared with the Contraction 
Occurring during the Formation of their Chlorides. 

Contraction on for- 
Compreuibilities mation from elements 
(x 10«) of elements Cc per 1 mol. 


Lithium. 9.0 17.6 

Sodium. 15.6 21.5 

Potassium. 31.7 33.1 

Rubidium.40 36.8 

Caesium.61 53.6 


Many comparisons of this sort might be cited, for example, the behavior 
of the several halides of any single alkali metal is equally striking, but 
these typical examples indicate sufficiently for a brief discourse the im¬ 
portant relation of the compressibilities of the elements to the volumes of 
their compounds. No more convincing argument in favor of the theory of 
compressible atoms could be desired. 

When the elements entering into such a comparison are widely differ¬ 
ent in cohesive affinity, or when the resulting compounds are not fairly 
comparable in this regard, the effect of chemical affinity may be masked 
by the differences of cohesiveness. Thus the comparison of volatile 
with non-volatile substances cannot be expected to yield results as con¬ 
sistent as those given above. Enthusiasts or critics interested in the de¬ 
tails will find a discussion of typical cases of this kind in previous papers 
concerning the significance of changing atomic volume.’ 

1 Set the Faraday Lecture of 1911 (Richards), especially the diagram given on 
page uxs (/. Chem. Soc., 99, 1201 (19x1). 

* Proc. Am. Acad., 39, 390, 592 (1904); This Journal, 31, 190 (1909). 
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Fig. 3 .—Diagram depicting data in table opposite. Contraction on combination (in ec. 
per mol) is plotted ordinately; compressibilities (of the elements) are plotted as 
abscissae. 1 

1 An interesting corollary suggested by this diagram is to be found in the extrapola¬ 
tion of the curve toward the left. The point where the abscissa becomes sero indicates 
the hypothetical contraction which would take place if an imaginary incompressible 
element were combined with chlorine by an affinity about equal to that of the others 
to form a compound similar to lithium chloride. Since, in this case, the contraction 
of 12.5 cc. must be due to the 25 cc of chlorine alone, we may suppose that in each of 
the actual cases of the alkali chlorides the contraction must be about the same, and 
that in each case the chlorine occupies about 25—12 5 •* 12 5 cc. From this assumption 
and the actual total contractions, th* ttfbl* which follows (given here for the first time) 
has been computed. 

Approximate Detailed Volumb-Rblationb op Solid Alkali Chlorides on the 
Assumption that the Chlorine in Each Occupies about 12.5 Cc. * 



Actual total 
mol voL 
of salt 

Hypothetical 
at. vol of 
metal In salt. 

Hypothetical 
contraction 
of metal on 
combination. 

Lithium chloride. 

20 5 

8 0 

S 1 

Sodium chloride. 


*4 7 

9.0 

Potassium chloride. 

. 37.3 

24.8 

20 6 

Rubidium chloride. 

. 44 0 

31 5 

24 3 

Caesium chloride. 

. 42 4 

29 9 

4 *.i 


These values do not pretend to be absolutely precise, and their interpretation is 
complicated by differences in the cohesive properties of the molecules concerned; but 
they are nevertheless interesting, because they give a due to the mechanism of the re¬ 
action. 







The theory hfia lmdaiiotfc€r iatemting outcome* which bids fair to bear 
much fruit in the future. If atoms are compressible, the uneven compres¬ 
sion caused by differently applied chemical affinities might be supposed 
to restrict the heat-vibration existing within their elastic boundaries. 
This restriction would lessen their heat capacities (which are measured by 
the quantities of heat needed to cause a given change of temperature) 
and, therefore, expel some heat-vibration already present which could no 
longer be accommodated by the system; for diminished heat capacity at 
ordinary temperatures probably indicates diminished average heat ca¬ 
pacity over the whole range down to the absolute zero. 1 

Since the heat energy contents of any system must be supposed to be 
represented by the product of the absolute temperature into the integral 
heat capacity over the whole range (plus the latent heat involved in any 
change of phase which may have occurred), a diminution of the heat 
capacity at ordinary temperatures must expel some of this contained heat 
energy. Thus the theory predicted that, when during a given reaction the 
heat-capacities of the substances concerned were diminished, one would 
expect also to find an output of heat during this reaction in excess of that 
corresponding to the chemical work. Thermal energy thus displaced at 
constant temperature could not be expected to be capable of doing work; 
and we may reasonably ascribe to this cause at least a part of the well- 
known difference between the total-energy change and the free-energy 
change of an isothermal reaction. 2 Moreover, it seemed probable that 
some of the driving energy of the reaction might be needed to accomplish 
this effect, and, therefore, not be able to perform outside work. These 
two considerations together might account for the puzzling “bound- 
energy” of chemical change, which was recognized but not explained by 
thermodynamics. The mathematical analyses of Helmholtz and Lewis 
(afterwards confirmed by Haber) had shown the problem to be beyond 
the power of contemporary thermodynamics alone; but the idea seemed so 
plausible that an effort was immediately made to submit it to practical 
verification. I was able to show, in cases of certain typical reversible gal- 

1 The somewhat academic theory of the equipartition of energy suggests a difficulty 
in the situation, demanding that such a system ($. e. t one continuously deformable) 
should possess an infinite heat capacity. But this theorem notoriously fails at low tem¬ 
peratures, and even at high temperatures it is very arbitrary in its assumptions con¬ 
cerning restraints; hence its demands may be set aside in this case Lack of space 
forbids here any further discussion of the relative magnitudes of potential and kinetic 
energy in a condensed system. 

* Helmholtz had proved that a thermodynamically indeterminate integration-con¬ 
stant was involved in this relation, and Lewis at Harvard had shown mathematically that 
Change of heat capacity must be concerned in “bound-energybut neither proposition 
was sufficiently definite to lead to much outcome. Sfee Haber, “Thermodynamics of 
Technical Gas Reactions,” translated by A. B. Lamb, p. 45, 1911, also G. N. Lewis, 
Proc. Am. Acad ., 35, 7 (1899). 
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vanic cells, that when free energy change increases with rising temperature, 
total energy change decreases, and vice versa. 1 

From this interesting discovery two fundamental conclusions were then 
drawn: first, that “ When the heat capacity of a system does not change dur¬ 
ing a reaction , and concentration influences are balanced , the free-energy and 
total-energy changes of the reaction are equal and unchangeable with the tem¬ 
perature;” and secondly, that 11 the sign and magnitude of the difference be¬ 
tween the free and total energy changes is dependent upon the sign and magni¬ 
tude of the change of the heat capacity of the system”* When the heat 
capacity decreases (as is more usual) during the reaction, the total energy 
change exceeds the free energy change, and vice versa. It was further 
pointed out that the difference between these two must diminish as the 
temperature approached the absolute zero, where the two must become 
identical, running into one another almost if not quite asymptotically.* 
All these ideas were afterward (1906) adopted unchanged by Nemst in 
his recent development of the ‘ 4 Warmetheorem ' ’ usually named after him. 

The next step was obviously to determine the actual amount of heat 
displaced by change of heat capacity, in order to determine whether t or 
not this was exactly equal to the bound-energy (that is, the difference be¬ 
tween the free- and total-energy change). To do this, one must know the 
specific heats of factors and products over the whole range of temperature; 
but data were lacking. Hence a new method was devised at Harvard, 
and the preliminary results showed that the specific heats of solids at low 
temperatures are much smaller than had been supposed. 4 The intention 
had been to continue with this highly interesting and significant discovery; 
but before this could be done, these various ideas also were taken up by 
Nernst and incorporated into the new 4 ‘ W&rmetheorem. 

It is, perhaps, not out of place to point out here that the new feature 

1 That is to say, expressed mathematically dA/dT — — n dV/dT, in which A 
represents free energy, U total energy, and n a number, which was found often to be 
about 2. Of course dXJ/dX is nothing more nor less than the change of the heat capacity 
during the reaction. J. M. Bell has questioned the sufficiency of the evidence, but 
he has neglected to note that although Marignac’s data (upon which I relied^ were 
perhaps absolutely not very accurate, they are relatively to one another much mote 
to be depended upon; and in this question relative accuracy alone is concerned {J. 
Phys. Chem., 9 , 402 (1906)). Brbnsted has evidently quite failed to understand the 
original idea although he has provided much of interest as to its later development 
( Z.Pkys. Chem., 56,653 (1906)); but van’t Hoff ( BoUtmmn Festschrift, p. 233 (19c*)) 
and Haber (loc. cU.) saw its significance 

* Richards, Proc. Am. Acad., 38 , 307, 300; Z. phyeih. Chem., 4 *» * 43 / (19°*)* 

•This is explicitly stated ( Proc Am. Acad., 3*1 3oi (1902); Z. pkysik. Chem., 

42, 138 (190a)). The mathematical expression of the latter alternative (complete 
tangency) is, of course, that later written by Nerast, namely (<fU/dT)T~0 

(dA/OThvo. 

* Richards and Jackson, Z. physik. Chem , 70, 450 (1909)* 
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first introduced by the mathMimtical physicist was the arbitrary 
of the simplified equation U—/ST* ■» A + 0 T*. This assumption, 1 since 
abandoned, introduced the great convenience of making the situation 
amenable to mathematical treatment. Qualitatively the Nerast propo¬ 
rtion especially in its recent more complex form, is identical with that 
older American one from which it was derived; the only essential differ¬ 
ence is the assumed quantitative formulation. 2 In 1902 any such attempt 
at greater definiteness seemed unwarranted by either fact or theory. 

In the intervening years, much experimental work has been performed 
in many laboratories, stimulated by the theorem. So far as I know, all, 
or nearly all, of these investigations have supported the idea of 1902; 
but by no means all of them have supported exactly Nernst’s later addi¬ 
tions to that idea.* Nevertheless, the latter has certainly done good 
service by stimulating research. Moreover, even if the final word upon 
the groundwork of the theory has not been spoken, the complicated mathe¬ 
matical'superstructure reared by Nemst upon the earlier concepts must 
be conceded to be exceedingly clever and ingenious. 

When the exact quantitative statement of the fundamental principle 
underlying these phenomena is discovered, it will be worthy of ranking 
with the great laws of thermodynamics; and even now it is possible to 
make a general statement (like that made in 1902) which may not need 
revision when the details are mastered, as follows: Apart front concen¬ 
tration effects, the boun# energy change of a chemical reaction is essentially 
dependent tn sign and magnitude upon the change of heat capacity . When 
the latter is negative ike former is positive, and vice versa. 

The theory of compressible atoms was thus the starting point of a long 
train of thought and experiment. 

The suggestion that the idea of atoimc compressibility might explain 
the previously incomprehensible vobroe changes which occur on dis¬ 
solving salts in water has recently been discussed by Baxter. 4 He has 
successfully elucidated, through the comparison of the densities of solutions 
of alkaline halides, the tendencies at work; and he finds that the facts 
entirely accord with the predictions of the present theory. 

Another suggestive application of the hypothesis concerns the idea of the 

1 See Nernat, “Theoretical Chemistry’' (translated by Tixard, p. 712 (Macmillan, 
191 0 ). Later developments have shown the need of more terms; but no attempt will 
be made here to enter into a discussion of the complex mathematical development of 
them. Some of the latest curves look very like those published in my early paper 
of 1902, differing only in details. 

* Nemst has admitted this identity in one of his American publications. “Thermo¬ 
dynamics and Chemistry,’’ SiHimm lectures, p. 56 (1907). 

* See for example, Neumann, Z. Elector ockem., x6, 778 (19x0). 

4 Baxter, This Journal, 33, 922 (1911). 
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asymmetric carbon atom of van’t Hoff a n d he Bel, which is the basis 
of so much of modem organic chemistry. The observed phenomena ate 
exactly what one would expect if a compressible carbon atom were unequally 
compressed on four different sides by the four different affinities inherent 
in four other dissimilar atoms. An atom, spherical in the first place, 
would thus be compressed into an irregular twisted tetrahedron, which 
would have its attached atoms securely held on its faces, and not impossibly 
perched on its projecting angles. Geometrically an arrangement of this 
new kind answers the requirements as well as the old conception; and it is 
certainly more plausible from a mechanistic point of view. That such a 
twisted structure should rotate the plane of polarized light,seems only 
natural. Moreover, would not the flexible nature of the system make 
possible just such changes as are manifest in the well-known but not satis¬ 
factorily elucidated Walden inversion? 

One of the yet more recently developed aspects of the hypothesis is 
its interpretation of crystal form. The application of the idea to this 
field was suggested at the beginning; and in two papers which have not 
long since appeared in our journal, various phenomena exhibited by crys¬ 
tals—such as their definite angles, the similarity of forms assumed by 
analogous substances, and other details concerning their highly symmet¬ 
rical shapes—are all accounted for in a fashion which seems (at least to 
the author) to be more satisfactory than any other thus far suggested. 
It has long been assumed by most speculators upon the chemical mechan¬ 
ism of crystallization that the spheres of influence of the atoms must be 
closely packed; but usually these “spheres” are assumed to remain spher¬ 
ical, or nearly so. The present theory greatly modifies this notion by 
pointing out that the so-called spheres of influence (the atoms them¬ 
selves, according to the preser f definition) must be greatly distorted by 
the affinity exerted in the act of their combination. Thus the atoms 
must be more closely compacted in some directions t h a n in others. The 
total result of the crystal-unit or solid molecule thus formed must be a 
definitely constituted aggregate of closely tied atoms; and the shape in 
which this crys tall ographic unit can best fit together with others must 
determine the crystal form. Specific cases have been worked out with 
this idea in mind; and the conception has shown itself to be consistent 
with the known facts of crystallography . 1 

We may well ask: what is the distending tendency, which prevents the 
affinities of the atoms from contracting all solids and liquids into a mathe¬ 
matical point? I have found it convenient to speak of the boundary of 
this distending or repelling tendency as the surface of the atom, because 
it seems to accompany the atom wherever it goes. The present investi¬ 
gation does not attempt to decide how the atom may be constituted within; 

1 This Journal, 3$, 382 (1913); 3 $i *686 (19*4)* 
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it seeks simply to study and draw inferences from its outward behavior. 

Let us review the essential characteristics of the boundary of this 
distending effect Which surrounds the atomic center. In the first place 
the distending tendency begins to be apparent at about the distance 
from the atomic center which is defined by the critical volume. It ac¬ 
companies the atom wherever it goes, under all temperatures and pres¬ 
sures. Existing both in non-electrified substances, and between electri¬ 
cally dissimilar atoms, it is not apparently connected with electric repulsions 
or with any other manifestation of energy which may be perceived upon 
a larger scale. Pressure, whether from the chemical attracting of two 
atoms by one another, or from the cohesive action of molecules upon one 
another's surfaces, or from impact of collision, or from outside compression, 
all tend to contract this field of influence at the place or places where the 
pressure’is applied. In liquids and solids this distending tendency has 
been counteracted by affinity and cohesion; and in extreme cases the sur¬ 
face of the atom may, perhaps, be compressed until the atomic diameter 
is about half of that corresponding to the critical volume. This is, after 
all, a comparatively small range of compression; evidently the “spring 
of the atom," whatever it is, increases very rapidly as the atomic centers 
approach one another. As regards the nature of this distending tendency, 
It is dearly not directly dependent in any way upon heat vibration. This 
is Shown by the behavior of solids at very low temperatures, at which 
neither their bulk nor their compressibility are greatly diminished. 

These are almost inevitable inferences as regards the outside of the atom, 
but how the interior may be constituted, other investigations must de¬ 
cide. The present theory makes no necessary postulate as to how the 
atomic bulk of this so-called “sphere of influence," which I have ventured 
to call the atom because of its persistence, may be ffijj&d. Many sorts of 
hypotheses will equally satisfy the requirements. There may, indeed, be 
no such thing as the so-called “substance" in tfil atom. If, as Larmor 
and others have suggested, the atom is a minute vacuous space in a pro¬ 
digiously dense ether, the boundary of the vacuum may be that surface 
of demarcation capable of being compressed. If, as J. J. Thomson and 
Rutherford propose, the atom consists of positive and negative corpuscles 
or electrons held apart by repulsions within themselves and pulled together 
by an inscrutable attraction, the boundary of this complicated entity 
(or at least the # boundary of the unknown repelling forces which abide in 
it) must constitute the atom. Such a system would be supposed to be 
compressible, and all the facts presented in the present discourse seem only 
what would be expected. According to either point of view or to any other 
which may be brought forward, it is not necessary to assume that the bound¬ 
ary consists of a perfectly sharp defining surface. Whether the atom con¬ 
sists of “substance,” of whirling electrons, of complete vacuity, or merely 
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of a repellent force, this boundary need not be considered as perfectly 
sharp. It may gradually diminish with distance without a sharp de¬ 
fining line; but the present research shows that the effect increases inversely 
as the very high power of the distance; and because we know of no such 
repelling force on a larger scale (excepting perhaps magnetism, which does 
not seem to be greatly involved in most cases) it seems not unreasonable 
to imagine that there is a fairly concrete surface which defines the atom. 

The really essential part of the whole discussion lies in the strong evi¬ 
dence that where affinities are great the atomic centers come closer together , 
and that where the affinities are slight they are further apart . Tips causes 
each atom to occupy an irregular and distorted space, the shape of which 
is accountable for many of the properties of matter. The “hard massy 
particle” of the ancients appears to be a figment of the imagination. 

Perhaps to some of you an investigation of this sort may seem very re¬ 
mote from the pressing problems of everyday life. Although we have 
every reason to believe that we are made of atoms, we do not commonly 
think of them either in relation to ourselves or to our surroundings. They 
seem to be an abstract philosophical notion, of little significance in human ' 
life; and if atoms themselves are of little significance, why should we 
bother about their compressibility, or the way in which they fill the space 
allotted to them? Plausible as this argument may seem, it is really a 
very short-sighted one. Our dominance over the forces of nature de¬ 
pends primarily upon our understanding of them; and this matter of 
atomic compressibility, inessential although it may seem, is bound up 
fundamentally with the very nature of the atoms themselves and the 
affinities which bind them together. It can afTord us new clues as to the 
intimate working of the Universe and in that way the conception may 
open up in the future perhaps unexpected and otherwise unattainable 
insight, and, therefore, unexpected and otherwise unattainable power. 

You have doubtless noticed that much of the subject matter of this 
address has concerned itself with properties and relations which would 
ordinarily be called physical, although the audience as well as the lecturer 
are all primarily chemists. There is no anomaly in'this. Physics and 
chemistry are inextricably woven together; they are indeed parts of one 
science. The organic chemist who would freely use a thermometer for 
identifying his substance may look with disfavor upon a compression- 
pump, counting the latter as purely physical implement; but after all 
the pump is no more physical than the thermometer. The intricacy 
of the make -up of this world is so great that every means must be sought 
to help in its untanglement, and we may safely say in these days that the 
chemist who looks askance upon physics is only half a chemist. 

The applications of the thedry of compressible atoms to the interpreta¬ 
tion of chemical phenomena and to the suggestion of new research ate by 
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no mams exhausted by this brief discussiaa. No significant Objection 
to it has thus far been encountered; but even supposing that the idea should 
be supplanted in the future by something yet more satisfactory—and 
this is always a possibility in the progress of scientific thought—one 
would be inclined to say that the theory had already justified its existence. 
The saying of Scripture 44 By their fruits ye shall know them” applies in 
full force to theories as well as to persons, and in the short span of its ex¬ 
istence the theory has been fruitful. It has ‘‘acquired merit” in the only 
way open to any such hypothesis, namely, by stimulating new experi¬ 
mentation and thus leading to the discovery of facts and laws previously 
unknown. 
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STUDIES OF THE VAPOR PRESSURE OF SOLUTIONS. A STATIC 
METHOD FOR THE DETERMINATION OF THE DIFFER¬ 
ENCE BETWEEN THE VAPOR PRESSURE OF 
SOLUTION AND THAT OF SOLVENT. 

By J C W Frazer and B F Lovelace 
Received October 12 , 1914 

The fundamental importance of accurate determinations of the effect 
of dissolved substances on the vapor pressure of solvents, and the lac* of 
agreement of results obtained by different workers using dynamic methods, 
led the authors, in the spring of 1912, to undertake the problem of improv¬ 
ing the static method with the view of making it a method of precision. 
After some preliminary experiments, they decided to apply the principle 
of the Rayleigh manometer. 1 

This instrument was designed by Lord Rayleigh for the purpose of meas¬ 
uring small differences in gas pressure. It is used by the authors to meas¬ 
ure the difference between the vapor pressure of the solution and that of 
the pure solvent. The work so far has been limited to aqueous solutions 
of mannite at 20 °. 

The essential features of the manometer are shown in Fig 5. R R are 
glass bulbs, about 39 mm. in diam., blown on a glass fork This is connected 
by means of a rubber tube with a mercury reservoir which may be adjusted 
very accurately at any desired height by means of the screw I. At the 
centers of the bulbs are set two glass points. The side limbs P P communi¬ 
cate .with the systems, the relative pressures in which are to be measured. 
1 Z. physik, Chem,, 37 * 7*3 <190*); Trans, Royal Soc., 196, *03 (1901). 
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The bulbs are set in plaster in an iron pot, M, which is mounted on an axis, 
D, at right angles to the vertical plane passing through the points. This 
permits of rotation by means of the screw O. 

Now, suppose the same pressure exists in the two bulbs. By manipu¬ 
lation of the two screws I and O, the one serving to regulate the height of 
the mercury and the other to rotate the manometer, the two points can 
readily be brought into coincidence with their images in the mercury. 
This is called the zero position. 

Now, suppose the pressure in one bulb to be slightly increased. By 
readjustment of the mercury level and again rotating, the points can a 
second time be brought into coincidence with their images. It is obvious 
that, in order to calculate the difference in pressure in the two bulbs, it is 
necessary to know very accurately the distance between the points and 
the angle of rotation. The angle of rotation may be calculated from the 
length of the lever arm, and the rotation and pitch of the screw O. Or, 
following Rayleigh, we may determine the difference in pressure by means 
of a mirror, telescope and scale, and this .is the method actually used. A is 
a metallic mirror firmly mounted in a vertical plane perpendicular to the 
line joining the two glass points. The axis of rotation lies in the plane of 
the mirror. A telescope, with vertical scale, is mounted at a distance of 
a little over three meters in front of the mirror, the image of the scale 
being at all times visible through the telescope. 

If d represents the distance between the points, D the distance from 
mirror to scale, 6 the angle of rotation from the zero position, h the difference 
in pressure in the two limbs of the manometer corresponding to this angle 
of rotation and S the scale deflection, then the following equations are 
obtained: 

h = d sin 0 and S = D tan 20 
and 

, ds sin 6 
2D Va tan 2$ * 

Now for all values of 0 up to i°, ma ^ r ^ redded as unity 

and our formula becomes, h = ds/iD . For the particular instrument be¬ 
ing used in this work 0 = 1 0 corresponds approximately t6 the depression 
of a 3-molar # solution of a nonelectrolyte, d = 38.88 nun.,and D * 3350.6 
nun. Substituting these values and making $ *» 1 we get y h •* 

38.88 X 1 * 

- = 0.00580. This means that 1 mot. scale deflection from 

2 X 3350.6 

zero position'corresponds to a different in pressure in the two 
bulbs of 0.00580 mm. By observing tiie points through microscopes 
of 25 nun. focus, mounted on the instrument and rotating with it* 
the operator can set the points to an accuracy of o.x mm. on the scale* 
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which corresponds to a difference in pressure of 0.00058 mm. This is 
the limit of accuracy of the instrument and is approximately that claimed 
by Rayleigh for his manometer, of which the one used in this work is prac¬ 
tically a reproduction. 

In using an instrument of such precision the authors are subjecting the 
static method of measuring vapor pressures to the severest test that could 
be applied. The results, however, have fully justified its use. 

The two great difficulties involved in all static methods for the determina¬ 
tion of yapor pressure of solution^, as pointed out by Ostwald and others, 
are: 

1. The necessity for complete removal from the solution of constituents 
more volatile than the solvent, in particular, dissolved gases, and 

2. The necessity of stirring the solution to prevent surface concentration. 

In this work, before final observations are made, dissolved air is removd 

from both solution and solvent to such an extent that, after they have stood 
in a vacuum for at least forty-eight hours, the pressure due to air in the 
space above the liquid is negligible. Provision is also made for vigorous 
stirring always after any appreciable amount of vapor has left the solu¬ 
tion. This stirring involves a complete renewal of the entiit surface of 
the solution. The methods by which these two results are accomplished 
may be best seen by reference to Figs. 1-5, and to the following detailed 
description of the apparatus and method of manipulation: 

Th 4 Apparatus. 

The entire apparatus is built around the Rayleigh manometer, shown 
at F, Fig. 1. A more detailed sketch of the manometer is shown ir Fig. 
5. One side of the manometer communicates with the solvent bulb, 
H, and the other with the solution bulb I. 1,2,3,4, 5,6 are mercury traps 
which serve as stopcocks. They may be opened or closed by adjusting 
the position of the mercury reservoirs. The long ones are of barometer 
height, while the short ones are about 100 mm. high. Since ordinary stop¬ 
cocks are not employed, the use of lubricant is avoided. The large bulb, 
B, is introduced to increase the capacity of the system and thus facilitate 
removal of air from solution and solvent. A is a phosphorus pentoxide 
bulb provided with a ground glass joint and mercury seal. C is the 
McLeod gage. All connecting tubes are seven mm. internal diameter. 

After the apparatus was put together all parts of it except the Rayleigh 
manometer and the phosphorus pentoxide bulb were thoroughly steamed 
out. 

The bulbs containing solution and solvent are immersed in a water bath, 
the temperature of which does not vary over periods of several hours 
more than 0.001 as read on a Beckmann thermometer. Experience 
has shown that the Rayleigh manometer is quite sensitive to fluctuations 

























































*4*4 J. & w. ANO B* *♦ i&touc*. 

of 04303° I* the bath temperature, if these fluctuations occur over short 
intervals of time. That is to say, observations of pressure are not constant, 
if a Beckmann thermometer immersed in the bath shows variations of as 
much as 0.003°. * 

While it is thus necessary to avoid sensible variations in the tempera- 
thre of the solution and solvent, no such constancy of temperature is 
necessary for the other parts of the system. Large or sudden variations 
of room temperature are of course to be avoided, but experience has shown 
that after complete removal of air, slight changes in room temperature do 
not affect the pressure in the system, and accordingly accurate regulation 
of room temperature is unnecessary. The temperature of the room is 
kept several degrees above that of the bath. 

In carrying out a complete experiment the following procedure is adopted: 
The proper amount of carefully cleaned mercury is poured into each of the 
reservoirs attached to the open ends M and N of the apparatus and the 
entire system exhausted repeatedly to the highest vUCcum attainable by 
the pump. 1 The zero point is then determined, after which solvent, par¬ 
tially freed from air by boiling, is introduced and the remaining trace of 
dissolved air removed, as described later. The solution, also partially 
freed from air, in a manner to be described later, is next introduced and, 
after complete removal of dissolved air, the zero point may be redetermined. 
Finally the pressure of vapor over the solution is balanced against that of 
the vapor over the solvent and the scale deflection read. A detailed de¬ 
scription of these processes follows: 

The Solvent .—The entire apparatus having been exhausted, trap 5 
is closed and the solvent, freed from air as completely as possible by long 
boiling, is introduced into the bulb from below by means of the arrange¬ 
ment shown in Fig. 3. This is done as follows: A sealed bulb, similar 
to that shown in Fig. 4 containing air-free solvent, is placed between the 
mercury reservoir D (Fig. 3) and the trap C and the sealed ends broken 
off under mercury. Then, regulating pressure by means of the adjustable 
mercuiy reservoir, the solvent is forced through the tip and rises through 
the mercury to the bulb, shown at H in Fig. 1. In this operation the solvent 
need not come in contact with air and it is, therefore, possible to intro¬ 
duce into the apparatus solvent that is practically air-free. There is, 
however, in jctual practice, always a trace of air to be removed after the 
solvent is in the bulb. This is accomplished in the following mariner: 
Traps 1, 2 and 4 (Fig. 1) and the McLeod gage are closed, and trap 5 
opened and allowed to stay open 24 hours. Trap 5 is then closed and 2 
opened. After the absorption of water vapor by the phosphorus pentoxide 
in A & complete, the McLeod gage is opened and pressure determined* 
1 The pump used is Gaede’s rotary mercury pump, with auxiliary oil pump, ghting 
a vacuum of 0.00001 mm. 
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The residual air is pumped out and the process repeated as many times as 
may be necessary for complete removal of dissolved air. For practical 
purposes, the removal of air may be regarded “complete” when, on stand* 
ing 48 hours in a vacuum, the amount of air given off by the water is so 
slight that it cannot be detected by means of the McLeod gage; that 
is, less than 0.0004 mm. The solvent having once been freed from air, 
may remain in the apparatus indefinitely and it is possible at any time to 
examine its vapor for air. Trap 3 is now closed and 5 opened. 

The Solution .—Fig. 4 shows a device employed for partial removal of 
air from the solution before it is introduced into the apparatus. The bulb 
is drawn down at each end to a capillary and enough solution introduced, 
at the ordinary temperature, to fill the bulb completely at 85-90°. The 
lower capillary is then sealed off, the upper end drawn down to a very 
fine capillary, A, (about 0.05 mm.) and the whole heated to the tempera¬ 
ture at which the solution completely fills the bulb and capillary. The 
latter is then sealed off and the solution allowed to cool and stand 24 hours 
in the partial vacuum thus obtained. The tip of the capillary is next 
broken off and the process repeated. Five repetitions of this operation 
are sufficient to remove nearly all the air. The solution is then introduced 
into the bulb I without coming in contact with the air and the last traces 
of dissolved air removed in the manner already described for the solvent. 
The extent to which the solution is concentrated during the process of 
removal of air after introduction into the bulb I may be accurately cal¬ 
culated and never exceeds 0.1%. After the removal of air is complete, 
trap 4 is closed and 6 opened, and a measurement may now be taken. 

Observations on the Rayleigh manometer during the progress ol the 
removal of air from the solution are very interesting. It is to be remem¬ 
bered that at this stage the vapor pressure of the air-free solvent is balanced 
against the pressure over the solution, which is equal to the vapor pressure 
of the solution plus a small ar pressure. As long as any air remains in 
the solution, even the smallest trace, a very long time is necessary for the 
establishment of equilibrium after the opening of trap 6. The pressure 
in the solution limb of the manometer, at first very hearly the true vapor 
pressure of the solution, slowly increases for 24 or 48 hours, depending on 
how much air remains. After equilibrium is attained, the difference in 
pressure in the two limbs is read in the usual way by noting the scale de¬ 
flection. To this apparent depression is added the air pressure in the sys¬ 
tem, subsequently determined by means of the McLeod gage, after ab¬ 
sorption of the water vapor by the phosphorus pentoxide. The depression 
thus obtained agrees very closely, to about 0.001 mm., with the true de¬ 
pression measured later, after complete removal of air. The following 
data taken from the laboratory note-book will illustrate this: 
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First Exhaustion .—Trap 4 opened at* 12.15 p.m. and solution stirred. Scale Retd* 
lays, Rayleigh Manometer: 

12.30 2.15 5.00 8.00 p.m. Jan. 9, 9.25 A.M. 

51.3 51.0 48.5 46.0 45.0 mm. 

Total time, 22 hours, zero 38.0, deflection 7 mm., air pressure 0.054 aim. 

Second Exhaustion .—Trap 4 opened at 2.40 p.m., Jan. 9th. Scale Readings: 
3.25 3.40 4.15 5.30P.M. Jan. 10th, 8.45 10.20A.M. 

57.0 56.6 55.8 54.0 49.5 49.0 mm. 

Total time 20 hours. Pressure due to air not read. 

Third Exhaustion .—Trap 4 opened at 2.15 p.m., Jan. 10th. Scale Readings. 
2.20 2.25 3.00 4.00 p.m. Jan. nth, 10.30 a.m. 7.30P.M. Jan. 12th, 8.30A.M. 


60.1 59.4 58.0 56.0 53.0 53 0 52.7 mm. 

Total time 42 hours. Air pressure. 0.036 mm. 

Deflection 15 mm. Apparent depression. 0.087 

Correction for air.0.036 


Corrected depression.0.123 

Fourth Exhaustion .—Trap 4 opened at 11.30 a.m., Jan. 12th. Scale readings: 
12.00 M. 12.30 2.00 3.00 4.15 p.m. Jan. 13th, 9.00 10.20 a.m. 2.00 P.M. 

59.3 59-2 591 58-9 58.7 58.0 57.9 57.9 mm. 

Total time 26 hours. Air pressure. 0.0068 

Deflection 20 mm. Apparent depression. o. 116 

Correction for air. o 007 


Depression. 0.123 

Fifth Exhaustion .—Trap 4 opened at 5.00 p.m., Jan. 13th. Scale readings: 
5.15 745 p-m. Jan. 14th, 9.45 a.m. 12.40 3.15 p.m. 

61.0 59.7 59.1 59 5 59,3 mm. 

Time 23 hours. Air pressure. 0.000 

Depression. 0.124 mm. 

The true depression, as later determined, was 0.122 mm. 


The gradual development of pressure in the solution side of the manom¬ 
eter, as seen in the first four exhaustions, was due to the slow escape of 
dissolved air. The air pressure developed, however, became less with 
each exhaustion; still, even in the fourth exhaustion, when the equilibrium 
pressure of afr was very small, a very long time was necessary for complete 
equilibrium to be established. When the solution becomes air-free, equi¬ 
librium is always reached in from 15-20 minutes. 

It should be pointed out that the foregoing figures, obtained duriM 
the time air is being removed from the solution, are not regarded as finqt 
No attempt is made to regulate the bath temperature with ai?jy pP 
accuracy while air is being removed, the variations sometimes amounting 
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to 0.005 0 during tins operation, and no special effort was expended to make 
the above measurements anything more than approximately correct. 
Pinal measurements are always made after no more air can be pumped 
off from the solution and while these final measurements are being made 
the bath temperature never varies more than 0.001 0 over periods of several 
hours. 

When the apparatus was being built the McLeod gage was included 
in the system for the purpose of showing when the removal of air was 
complete. As a matter of fact, however, the gauge is not necessary for 
this purpose. Given an air-free solvent in one bulb, the operator can fol¬ 
low very closely the progress of removal of air from the solution in the other 
bulb by observations on the Rayleigh manometer and can tell infallibly, 
without use of the McLeod gage, when the removal of air is complete. 

Stirring the Solution .—Efficient stirring of the solution is desirable be¬ 
cause it facilitates the removal of air; it is necessary, when readings are 
to be made, in order to destroy the surface concentration of the solu¬ 
tion resulting from evaporation. The device shown in Fig. 3, which per¬ 
mits the introduction of the solution as has already been described, als\> 
serves as a means of stirring. The stirring is brought aboui by simply 
raising-and lowering the mercury in the reservoir P, Fig. 1. About one- 
half of the solution is in this way forced through the constriction K into 
the upper bulb L, and back again. Several repetitions of this procedure 
insure practically complete uniformity of concentration throughout the 
whole solution. 

The apparatus shown in Fig. 2 was devised for the purpose of preparing 
the solution in a vacuum. 

Experimental. 

We give below the results of two experiments with aqueous solutions of 
mannite. The solutions are made up on the weight-normal basis; that 
is, by a molar solution is meant one containing a gram molecular weight 
of solute in one thousand grams of solvent. In making up the solutions, 
allowance is made for the known amount of solvent that is to be lost dur¬ 
ing subsequent removal of dissolved air, and the concentrations given are 
the concentrations at the time final observations are made. 

Experiment 3.—0.5 M mannite. 

The solution was introduced into the apparatus on the afternoon of 
November 12, 1913. On November 20, the air was completely removed. 
This solution was under examination throughout the month of December 
and in J anuar y the following final observations were made. 

It will be observed that each of the above experiments lasted about 
eight weeks. The object of continuing observations over such long periods 
was, once for all, to make a thorough investigation of all sources of errbr 



12, 1913. Removal of air complete Nov. 20th. Final observations as follows: 
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Mean of all observations (Jan. 28-Mar. 3) Deflection 21.03; Depression 21.03 X 0.0058 « 0.122 mm. Temp. 20.008°. 
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and to determine the limits of accuracy of the method. These experi¬ 
ments have shown conclusively that: 

1. Variations of temperature of solution and solvent must not exceed 
0.002 °. 

2. Accurate regulation of the temperature of other parts of the apparatus, 
i. those parts containing vapor, is unnecessary. This is because, when 
all air has been eliminated, equilibrium between solution and vapor is 
very quickly established, so that slight changes of temperature, unless 
they are too sudden, merely cause evaporation or condensation of slight 
amounts of water, without affecting pressure. If the system contains 
air, a change of temperature will produce change in pressure and such 
fluctuations are quite noticeable even with a very small amount of air. 

3. If the temperature of the bath is controlled to within 0,001 readings 
of pressure are constant to within 0.001 mm. 

The authors believe that the measurements recorded above differ from 
the true values by not more than 0.001 mm. and are convinced that, with 
certain minor changes, the method is capable of giving results which are 
accurate to the third decimal place. 

The experiments recorded above were made in collaboration with Mr. 
E. Miller who is continuing the work, and the authors expect to investi¬ 
gate solutions of both electrolytes and nonelectrolytes in various solvents. 

Johns Hopkins University, 

Baltimore, Md. 

VAPOR PRESSURES OF CERTAIN ALCOHOLIC SOLUTIONS. 

By O. F. Tower and A. F. O. Gbkmann. 

Recei''<i October 17, 1914 

In a former papier one of us described a method for measuring vajx>r 
pressures by means of the Morley gage. 1 Satisiactory results were ob¬ 
tained with aqueous solutionbut with non-aqueous solutions certain 
difficulties were encountered which rendered the results that were reported 
at that time of little value. Moreover, the opinion was expressed that 
possibly the air-bubbling method would yield better results with this latter 
class of solutions. Numerous trials since then have, however, convinced 
us that it has no advantages over the method with the Morley gage, ex¬ 
cept at temperatures above room-temperature, and, besides, it possesses 
some disadvantages of its own which have caused us to return to the 
method with the Morley gage. The present paper, therefore, describes 
certain improvements in the apparatus and method of treatment of the 
solutions in deter minin g the vapor pressures of non-aqueous solutions by 
this method. 

The gage and the method of carrying out the readings were described 
1 0 . F. Tower, This Journal, 30, «*9 (1908)- 
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in detail m the former paper and need not be repeated here. The< ac¬ 
companying photograph will give an idea of the'*general appearance of 
the sew apparatus. The gage GG is in the background, while the tubes 
containing the solvent and the solutions MM 1 are shown in the foreground. 



The principal improvement in the apparatus is the arrangenemt for puri¬ 
fying the solvent and introducing it into the tubes M and M f entirely 
out of contact with air. This portion of the apparatus was modeled after 
that used in Ph. A. Guye’s laboratory (Geneva) for the purification of 
gases by liquefaction and fractional distillation in a vacuum. The remov¬ 
able flask A , in which the preliminary purification and desiccation were 
carried out, was connected by means of a carefully ground-in glass joint 
to the reflux condenser B, filled with glass beads. This communicated 
with the fractional distillation tubes A and A through stopcocks C\ and 
C§. Each tube was provided with a mercury manometer and vacuum 
connections to both water suction and mercury pumps. The former 
was connected at W through fused calcium chloride; the latter, of the type 
described bjr Cardoso and one of us, 1 at P through phosphorus pentoxide. 
All stopcocks were lubricated with viscous rubber grease, soluble |n ether 
but not in alcohol. 

After the solvent had been purified, as well as possible, in contact with 
the air, the containing flask A was placed in position and the air and any 
dissolved gases pumped out with the water suction pump. Then the bulk 
of the liquid was distilled at room-temperature into A> rejecting the 
1 Germann and Cardoso, J. chim. pkys., xo, 306 (19x2). 
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higher boiling fractions. Just previously A bad been rinsed out with the 
vapor of the liquid to be introduced, 1 and during the distillation it was 
surrounded by a mixture of ice and salt. Then followed a series of frac¬ 
tional distillations between A and D%, always discarding the first and last 
fractions as the least pure. 

The next step was to secure a sample of the purified solvent from which 
weighed portions could be introduced into the vapor pressure tubes, out 
of contact with the air. This was accomplished by means of the weighing 
tubes EE f each provided with a stopcock and a flat ground joint eg. 2 
These weighing tubes were secured to the apparatus by means of brass 
screw damps. 8 The solvent was distilled into one of these tubes. One 
of the two following methods was then used to introduce the liquid into 
the vapor tension tubes: M was first filled to a suitable height with the 
pure solvent, after having been completely evacuated, dried in contact 
with phosphorus pentoxide, and rinsed several times with the vapor of 
the solvent. By the first method the filling was accomplished by simple 
distillation from the weighing tube. From a theoretical standpoint this 
method of procedure must result in giving two fractions in M and M', 
with a very small difference of vapor tension, without the pr '.ence of the 
dissolved salt in M f . This would therefore influence, to a slight extent, 
the magnitude of p — p'. Practically the error thus caused would be 
vanishingly small, owing to the care taken in purifying the solvent. How¬ 
ever, to be on the safe side this method was abondoned, and the following 
method was employed in our later work: 

M and M ' were provided with special exit tubes, extending vertically 
upward, bearing the stopcocks (\ and (\, and terminating in flat ground 
joints. This enabled fixing th* weighing tube containing the solvent in 
an inverted position over the vapor tension tubes, as shown at E'. The 
capillary tubes between C iy or C 4 , and the stopcock of the weighing tube 
were provided with vacuum connections, so that they could be evacuated 
independently of other portions of the apparatus. 4 Then by opening the 
two stopcocks concerned, the solvent flowed through the capillary “con¬ 
necting tubes into M or M the stopcock of the weighing tube was closed 
when the nesessary volume of solvent had flowed out, M was cooled with 
cold water or ice for a few minutes, and finally the weighing tube was re¬ 
moved. 5 

1 In a general way the precautions exercised throughout the preliminary operations 
were the same as those described in detail by Germann (J chttn phys., 12,66 (1914))* 

* The advantage of these joints over those ordinarily used is that any two make a 
pair, so that they arc interchangeable. For detailed drawing and description, see 
Guye. Arch. $ci. phys. not, Geneva, 41 * 7 » 5&6 (1909)- 

* For drawings and details Bee Boubnoff and Guye, J . chtm. phys, 9, 295 (19s 1). 

4 This was also true of every portion of the apparatus capable of isolation. 

9 It may be objected that in both methods the weight of solvent introduced into 
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A simplified Maclefcd pressure gage, H, was .used to evaluate the degree 
of vacuum in the apparatus* The phosphorus pentoxide tube R was used 
to evacuate the apparatus when alcohol .vapors alone were present, this 
by virtue of its affinity for the alcohols. 

The readings were made at a temperature of 15 °, instead of at o° as 
in the former series, for the reason that the vapor pressures being higher at 
this temperature, p — p f would have a greater magnitude, and could thus, 
be read off with -less relative error. The temperature was maintained by 
surrounding the tubes MM f with a water-bath, through which water at 
15° was constantly circulating. 

The solvents employed were methyl and ethyl alcohol. It was therefore 
necessary to determine their vapor pressures at 15 °, which was done in 
exactly the same manner as described in the former paper for determining 
these pressures at 0 0 ; 1 i. e. t by means of a manometer connecting with the 
tube M. Behind the manometer was a millimeter scale, on which the mer¬ 
cury heights were read off by means of a cathetometer. These readings 
were made at frequent intervals during the course of the year and varied 
but little. The average values of a large number of such observations 
are: 

Vapor pressure at 15 °. 

Methyl alcohol. 73.61* mm. 

Ethyl alcohol. 32.18* mm. 

Potassium iodide, lithium chloride and benzil 4 were the substances 
used as solutes. Each of these represented to a certain extent a different 
type. Potassium iodide is an electrolyte which has little tendency to 
combine with solvents; lithium chloride is an electrolyte which is very 
hygroscopic, i. e. t it has a tendency to combine with the solvent; benzil 

M\ found by taking the difference between the weights of the weighing tube before 
and after filling M' t would be too great by the amount of vapor remaining in the tubes 
between the weighing tube and M\ when the stopcocks were dosed. However, the 
volume of these tubes **s made as small as possible by using very short lengths and by 
selecting tubes of apall bore—capillary tubes in the second method. In the first 
method the pr^Jp&e was quite small—a few millimeters only—since the distillation 
was carried 40 t at about —20°; in the second method the pressure was somewhat 
higher, bqjr&c volume was very much smaller, so that the amount of solvent lost under 
exaggerated conditions was always less than the accuracy of the weighings. 
Jkamta^ngt for example, in the first method, one meter of glass tubing 5 mm. in diam., 
fUto^with vapor at 20° over the liquid solvent at —xo°, the loss would be 0.05 mg. 
wMi methyl alcohol, and 0.03 mg. with ethyl alcohol. 

1 Tdfcer, hoc. of., p. 1228. 

* 34 measurements; probable error of average 0.0x6 mm. 

* 15 measurements; probable error of average 0.028 mm. 

4 We also attempted to use tetramethylammonium iodide, but found it so slightly 
soluble in the alcohols that no very trustworthy results could be obtained. Two of 
our best determinations with this substance dissolved in methyl alcohol ate given In 
the table and are also shown in the curves for the sake of comparison. 
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is a nonelectrolyte and a nonhygroscopic substance. These were all 
purified preparations of C. A. F. Kahlbaum. The first was fur ther puri¬ 
fied by repeated crystallization from methyl alcohol. The lithium chloride 
was precipitated from aqueous solution by saturation with hydrogen 
chloride gas. The benzil was not further purified. 

No fundamental changes were made in the gage portion of the ap¬ 
paratus, and therefore the readings were made precisely as described in 
the former paper. 1 It may however, be noted that M and M f were made 
of soft glass instead of Jena glass, and that the mercury valve between 
M and M' was replaced by a stopcock, C#, as was also the valve between 
the vapor pressures tube and the mercury pump. A new lot of specially 
well-ground Geissler stopcocks were employed throughout the apparatus 
and gave excellent satisfaction. We were, therefore, not troubled by leaks 
about the stopcocks, which was sometimes the case in the former work. 
While making a reading, M and M' were constantly shaken, as otherwise 
there was a great variation in the values obtained. Even under the best 
conditions and with the great care exercised, considerable fluctuations in 
the reading would sometimes occur which were entirely inexplainablfc. 
This was especially true when using dilute solutions. In such cases 
readings were repeated under different conditions until a set which re¬ 
mained fairly constant was obtained. All of this consumed a great deal 
of time. Besides, with a complicated apparatus of this kind, leaks would 
frequently occur which were difficult to locate, so that the progress of the 
work was very slow. This can easily be understood when it is stated that 
the gathering of the results given in this paper occupied our available 
time for about twelve months. 

The results are given in the accompanying tables. The headings of the 
first two columns are easily intelligible. The third column gives the lower¬ 
ing of the vapor pressure produced by the dissolved substance as obtained 
from the gage readings (p = tlie vapor pressure of the pure solvent, p fmt 
the vapor pressure of the solution). The fourth column contains the molec- 

ular weight of the solute, calculated from the formula, nt = ^ P*/F % 

The fifth column, n, give** mols of solute dissolved in one mol of solvent. 
The sixth column contains an expression, the value of which ought to be 
constant, if there is no change of molecular state. 

The results have also been plotted in curves, using the observed lowering 
of the vapor pressure as ordinates and the concentrations of Column 2 
as abscissas. The most probable trend of the curve in each case is seen 
to be a straight line. This is to be expected from a consideration of the 

1 Tower, Loc. cit p. 1223. 

*Loc. cit , Formula 1, p. 1224. Formula 2 might have been employed, but 
the values differ very little from those obtained from Formula ». 
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Sqhltcv Potassium Iodide (M. W., 166.02). 


Qcan solute 

<n r*. *n*e«. 

Ontnu solute 



P — P \ 

111 1 mol skdvtoit. 

P ~ *’• 

**. M. 

«. 

to. 13673 

4-319 

3.230 

95.4 0.02636 

119.7 

0.12686 

4.063 

2.918 

98.4 0.02444 

**94 

0,10664 

3 . 4*6 

2.484 

97.8 0.02057 

120.8 

9-09469 

3033 

2.1855 

99.I 0.01825 

1x9.8 

0.09167 

2.936 

2.1265 

98.7 0.01767 

120,. 6 

0.077245 

3-474 

x .780 

99.8 0 0x489 

1*9.5 

0.06566 

2.103 

1.5*4 

100.2 0.01267 

1*9 5 

0.05744 

X .840 

1.324 

100 4 0.01107 

1196 

0.04883 

1.564 

1.123 

100.9 0.00942 

X19.2 

0.04350 

*•393 

0 974 

103.8 0.00839 

116.1 

0.03266 

1.046 

0.798 

95.5 0.00630 

126.7 

0.01726 

0.5528 

0.423 

957 0.00333 

127.0 

0.009503 

0.3044 

0.238 

93.9 0.00183 

130.1 

0.006181 

0.1980 

0154 

94.5 0.00119 

129.4 

0.003709 

0.1188 

0.0743 

117.6 0.000716 

103.8 

0.002192 

0.0702 

0.0577 

89.4 0.000423 

108.4 


Solute, Lithium Chloride (M. W., 42.40). 


0.05434 

1.741 

5-76 

20.5 0 04103 

140.4 

0.04170 

. * 336 

4-34 

21.3 0.03150 

137.8 

0.03352 

1.074 

3-344 

22.6 0.02533 

1320 

? 0.03073 

0.9843 

2.868 

24.3 0.02320 

123.6 

0.02689 

0.8612 

2.660 

23.0 0.02032 

1309 

» 0.02^44 

0.6869 

2057 

23.9 0.01620 

127.0 

0.01718 

05504 

1.740 

22.7 0.01298 

*34* 

0.01682 

0.5388 

1.542 

25.2 0.01270 

121.4 

to.01195 

0.3828 

1.125 

24.7 0.00903 

124.6 

0.009587 

0.3071 

1.0065 

22.1 0.00724 

1390 

> 0.009218 

0.2953 

0.7768 

27.7 0.00697 

in .5 

0.007165 

0.2295 

0.7627 

21.9 0.00541 

141.0 

0.006195 

0.1984 

0.5871 

24.7 0.00468 

125.4 

0.005123 

0.1641 

0.3923 

30.6 0.00387 

101.4 

0.002451 

0.0785 ' 

0.1448 

39.8 0.00185 

78.3 

Solute, Tetramethylammonium Iodide (M. W., 201.03). 


0.003865 

0.1238 

0.0397 

229 3 0.000616 

644 

0.002890 

0.09256 

0.0218 

312.4 0 000461 

473 


Solute, Benzil (M. W., 210.08). 


’ 0.03662 

**73 

0.332 

259.0 0.00558 

59 S 

0.03x44« 

1.007 

0.320 

230.7 0.00479 

66.8 

to.020665 

0.6619 

0.192 

253.2 0.00315 

60.9 

t; 0.01655 

0.3380 

0.100 

248.4 0,00161 

62.1 

SOLVENT, 

• « 1 

, Ethyl Alcohol (Vapor Tension at 15°, 32.18 
' Sohite, Potassium Iodide (M. W., 166.02). 

MM.). 

O.OI67I 

0.7694 

0.1897 

129.7 0.00463 

41.0 

t >0,009916 

0.4566 

0.1127 

129.8 0.00275 

41.0 

O.OO6134 

0.3829. 

0.0628 

144.0 0.00x70 

36.9 
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Oram solute 

Grams solute 





in 1 g solvent 

in 1 mol solvent 

P — P' 

m 

a. 

n . 


Solute, Lithium Chloride (M W , 42 40) 


0 03824 

1 761 

1 795 

29 8 

0 04156 

43 2 

0 03685 

1 697 

I 770 

29 I 

O 04002 

44 « 

O O2088 

0 9614 

1 1585 

25 8 

0 02268 

Si 1 

O 01726 

0 7947 

0 7538 

33 1 

0 01875 

40 2 

0 01186 

0 5463 

0 4870 

35 6 

0 01289 

37 8 

0 009425 

0 4340 

0 3397 

40 7 

0 01024 

33 2 


Solute, Btnzil (M 

W , 210 08) 



0 02823 

1 300 

0 198 

210 

0 00619 

32 0 

O 01543 

0,7105 

O 119 

191 

0 00338 

35 2 

0 007968 

0 3669 

0 0590 

200 

0 00175 

33 7 

0 004260 

0 1962 

0 0295 

214 

0 000934 

31 6 

calculated molecular weights of Column 4 In 

the case 

of potassium 

iodide and lithium chloride these quantities are 

less than 

the formula 


weights, as might be predicted. The strangi thing is that the values are 
so constant throughout the different dilutions. In other words, the calcu- 



Grams Solute m 1 Mol- Solvent 


lated molecular weights do not show that these salts are any more dis¬ 
sociated in dilute solution than in concentrated. This is also confirmed 
by the ebullioscopic measurements of Jones 1 with potassium iodide hi 
1 Z . physik. Chem , 31, 129* & se Q- (*899)- 
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methyl and ethyl afoohols* He found the degree of dissociation to be 
very nearly constant in both cases, and to have a value of about 50% in 
methyl alcohol and 25% in ethyl alcohol. This is exactly in accord with 
our values for the lowering of the vapor tension. The conductivity deter¬ 
minations of Zelinsky and Krapiwin 1 showed substantially the same thing, 
although other observers* have found that the molecular conductivity 
increases with the dilution in very dilute solutions. 

Why the calculated molecular weight should remain constant over such 
a range of concentrations is difficult to explain. It may have something 
to do with the combination of the salts with the solvents and to the pro¬ 
gressive combination of the ions with the solvents. However, in such a 
case, one would not expect potassium iodide to be so subject to these effects 
as lithium chloride. 8 If, in plotting the curves, the values of », in the 
fifth column, had been used as abscissas instead of the concentrations of 
the second column, all of the curves would be thrown closer together, 
and those of potassium iodide and lithium chloride in methyl alcohol 
would be almost superimposed, indicating almost identical molecular 
states. 

As to benzil, its molecular weight in ethyl alcohol seems to be normal, 
while in methyl alcohol it seems to be associated with one or two molecules 
of the solvent. 

Morlvt Chemical Laboratory, 

Wiitiin Rsssitvs University, 

Cleveland, Ohio 

A MODIFIED PRECISION BAROMETER. 

By Albbxt F. O. German n. 

Received October 17 , 1914 

In the determination of the densities of gases by the various precision 
methods involving the measurement of volume, pressure, temperature, 
and mass, 4 the evaluation of the pressure is perhaps the most difficult, 
and the values obtained for this factor are always much less accurate 
than those obtained for the temperature, volume, and mass, particularly 
when the first two are taken at the temperature of melting ice, and the 
mass is taken as the average of the mass of several samples of gas simul- 
taneously taken. A gi it many special barometers and manometers 
have been designed in a effort to eliminate the errors to which this type 

1 Z. physik. Chem., ax, 3? (1896). 

* Sec Carrara, Gan. chi* ital , (1 ] 26, 119 (1896); also Turner, Am. Chem. J., 4 ®» 

558 (1908). ic 

* According to Turner and Biasett, J. Chem. Soc. t 103,1904 (19x3), lithium chloride 
forms no compounds with methyl alcohol above xo°, but with ethyl alcohol LiCl.* 
4C1H4OH exists up to a temperature of 174®. 

* See, for example, article by die author, /. chim. phys., xa, 66 (1914). 
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of instrument is subject, chief of which are the residual pressure in the 
barometric vacuum! and variations in the meniscus. Both objections 
would appear to be remedied in the barometer of wide bore, the vacuum 
chamber of which communicates with a mercury pump; here capillarity no 
longer exercises an appreciable influence; the meniscus, therefore, is per¬ 
fectly flat, except at the edge; and the quality of the vacuum is under the 
experimenter’s direct observations and control. But even here concordant 
readings cannot be abtained, because of various disturbing factors, such 
as non-uniformity of temperature, even when surrounded by an air bath, 
and the difficulty of getting a sharp reading of the position of a large 
mercury surface. Experience with this type of barometer has never¬ 
theless demonstrated its superiority over the type composed of narrow 
tubing, where meniscus corrections must be made, and over the type 
sealed at the top, which may be expected to give low readings, unless 
filled while boiling the mercury and simultaneously making a vacuum 
with a good mercury pump. Barometers filled in this way, however, may 
not be successful, because a meniscus often fails to form in those portions 
of the barometer tube which have been heated to drive out air, due 
some change in the glass. At the Ecole de Chimie in Geneva, the author 
remembers seeing one barometer of this type stand for a week, without 
a suggestion of a meniscus; then one morning a perfect meniscus appeared, 
only to disappear after a day or two, never to appear again. 

It would seem, then, that to secure the most uniform results, it would 
be imperative not to subject those portions of the barometer tube in 
which the mercury surfaces are to rest, to a high temperature. The barom¬ 
eter must, then, not be permanently sealed, so as to permit of the re¬ 
moval of the traces of air adhering to the glass, which are slowly given up 
under the decreased pressure, une device for doing this is to terminate 
the barometer with some form of stopcock 1 through which the accumulated 
air may be expelled; or the vacuum chamber may communicate with a 
mercury pump. The first method is open to the objection raised by 
Professor Morley against all stopcocks used in connection with a vacuum—• 
a stopcock is usually nothing more than a located leak{ the other method is 
expensive and more or less time-consuming, since each stroke of the pump 
removes only a definite fraction of the residual air in the barometer. This 
objection suggested to the author the combination of pump and barometer 
into one instrument; similar modifications have been described, but be* 
cause of certain practical objections, have not been adopted in research 
laboratories. The type described below has met with approval in several 
European laboratories, and may be found useful in this country. A 
knowledge of the simpler operations of glassblowing is, of course, necessary 
for its construction 

1 R. A. Baker, This Journal, 35,199 (i 9 U)* 
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The benometer (see figure) is really a modificatioa ©C tibft r^mmr pmsp 
described by Cardoso and the author, 1 in which the mam reservoir hag 
been omitted. The two branches* L x and L«, are, as usual, cut from the 
same glass tube, and connected at the bottom by means of the narrow 
U-tube U. The short branch La, about 20 cm. long, has sealed into it 
at P a colored glass point, to which the lower mercury surface may be ad* 

^ justed in making a reading; the gaseous 
j| pressure to be measured is admitted 
through the stopcock Ci. The U-tube 
has sealed into it at D a T-tube bear- 
v ing the stopcocks C\ and Cs, each of 
which is lubricated with Acheson 
graphite, rather than with stopcock 
B grease, to keep the mercury clean; 
since the graphite has no adhesive 
power, the stoppers are held in place 
by means of brass stopcock clamps, 
c, L any admitted with the mercury 
to v*ter pump— b=sn collects at E t and may be expelled 

] A A through La. The other branch, Li, 

which measures about 110 cm., termi- 
* nates in a fine capillary tube B t about 

3 tf R 76 cm. long and 0.2 mm. bore, bent 

down so as to rest against the barom- 

U | eter tube Li; the lower end of B is 

f bent upwards and bears a wide tube R, 

y which may be connected to the water 

to apww us pump via the stopcock Ca and the 

P(ft drying tubes containing PjO® and fused 

| CaOa. 

c | I After careful cleansing with appro* 

- M fU 3 I' priate reagents, and rinsing with dist 

f^ w „\ S2 F y * tilled water, the barometer should 1 be 

V dried by passing a slow current of 

\ J Cl U dry air through it for a week; this in- 

sures the removal of traces of moisture 
in the pores of the glass. Then the instrument may be mounted on a 
suitable support, against a graduated glass plate, and filled# To carry 
out this operation, stopcocks C% and C$ are closed, and C\ and Ca opened. 
Freshly distilled mercury is poured into the reservoir M, which is cotH 
nected to the barometer by means of a rubber tube, and gentle suction 
applied through the drying tubes and Ca by means of the water pump; or 
1 Germane, and Cardoso, /. ckim . phys>, xo, 306 (19x9). 
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the water pump may be dispensed with at this point if the rubber tuWbe 
long enough to allow M to be raised to the top of the barometer. Mercury 
is allowed to completely fill the tube Li, and to run over into the reservoir 
R, into which the air has been driven. Then the bulb M is lowered; the 
mercury in L\ subsides to a point at which it is in equilibrium with the air 
enclosed in L%\ the level of the mercury in £* may be adjusted to the glass 
point by opening the stopcock C% and adjusting the height of the mercury 
bulb M ; the air admitted with the mercury, and which has collected at 
E, may be expelled through C 2 . If the length of the capillary B has been 
properly adjusted, any great excess of mercury in R will be forced back 
into V by the pressure of the atmosphere; B must, however, not be shorter 
than the maximum local barometric height to prevent the totality of the 
mercury from being forced back with the resultant destruction of the 
vacuum. 

After several days, a certain amount of air will have disengaged itself 
from the glass walls of V, and the barometer will consequently give too 
low a reading. This may be verified by lifting the bulb M until the mer¬ 
cury rises in V, and approaches the mercury thread in the capillary; the 
minute volume of air present prevents the mercury surfaces from meeting. 
The test is an extremely delicate one, because the air in question is under 
a very small pressure; and if an effort be made to expel it, it may adherte 
to the capillary walls of B , when the volume has been sufficiently reduced 
by the increasing pressure. To effect the expulsion of the air, 1 it then 
becomes necessary to make a partial vacuum in R, by turning on the 
water pump; the air bubble expands, and is forced out. A single operation 
of this kind always suffices to test the vacuum, and to get rid of the 
merest traces of gas. 

While working on the densities of oxygen and air, 5 * the author had an 
opportunity of comparing two barometers of the type described with two 
others whose vacua were controlled by means of a mercury pump; one of 
the latter served as standard, as its internal diameter was about 25 mm., 
and hence no meniscus corrections had to be made; the others had a diam¬ 
eter of approximately 15 mm. Corrections for capillarity were very small, 
but were nevertheless made, applying the following considerations, sug¬ 
gested by Ph. A. Guye. 

1 Aa a mat ter of fact, it may be readily shown that this small amount of gas may 
be left in the barometer without, in any appreciable way, affecting the barometric reed¬ 
ing. Assuming the volume of V to be 35 cc., the diam. of the capillary 0.2 nun.,, and 
the length of the thread of air in the capillary 5 mm., under a pressure of, say, 
of mer c ury , a simple calculation will show that the pressure of this volume of ihr 
amounted, in the 33 cc., to approximately 0.00001 mm. _ 

1 Compt. rend ., 157, 926 (1913); J- chm. phys , u, 66 (1914); Gcnnann, "Geneva 
Thesis,” No. 514. 
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Laplace 1 has shown that 

'-(W) 

where A is the capillary constant and p the pressure in mm. of water due 
to the capillary action in various directions of a liquid surface, whose 
principal radii of curvature are R and R f . For practical purposes, we 
may consider that R and R' are equal; then 



Laplace found by experiment for mercury A = 44.07; Desains found 
A — 45.97; using the mean of these values, we have for p, expressed in 
mm. of mercury: 

J, = 2 X 45 _I_ = c 
v 13.56 R R 
where C is a constant equal to 6.6. 

Besides this, the following corrections were applied: 

(а) for the thermal expansion of mercury 

(б) for the thermal expansion of the glass scale 
(c) for altitude and latitude, i. e., for gravity 

Combining (a) and (6) into a single correction, which we will denote by 
r, and denoting the correction for gravity by G 0 we have the expression 
for the corrected barometric height: 

H m G 0 (h + p t — p t t) 

where h is the uncorrected distance between the lower edge of the two men¬ 
isci; p M the pressure exercised by the upper meniscus, and pi that exercised 
by the lower meniscus; but 

P.-P.-C -^) 

whence 

H = G, [h + c (— r J 

The value of i/R varies with the height, /, of the meniscus and becomes 
approximately equal to zero with a flat meniscus, when it becomes super¬ 
fluous to read the lower edge; this was the case with the 25 mm. barometer. 

To facilitate the calculation of c(i/R s — a curve was prepared 

for each barometer plotting as ordinates the possible meniscus heights, 
and the corresponding values of i/R as abscissas* knowing the height. /, 
of the meniscus, the value of i/R may be read directly from the curve. 
To construct the curves, the following method may be employed: A 
number of concentric arcs are constructed on millimeter paper; in each a 
1 Annuaire du Bureau des Longitudes , Paris, 191a, p. 533. 
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chord is drawn equal in length to the internal diameter of the barometer 
for which the curve is to serve; the length of the mid-ordinate 1 of the arc 
subtended by the chord gives the value of /, and from the radius R of the 
arc the corresponding value of i/R may be calculated. 

The value of r, correction for the thermal expansion of mercury and glass 
scale, may be taken from any table of physical constants. 

The gravity correction G 0 is here taken, not as an additive correction, 

as is customary, but as a fractonal one, for the sake of simplicity. Its 

value is the ratio of the normal acceleration due to gravity g n (at sea 

level and 45 0 N. latitude) to the acceleration due to gravity at the place 

of measurement, g m . For Geneva this ratio becomes* 

- gn 980.616 

G 0 = =-= 1 000017 

gm 980.599 

which is a positive correction of approximately 2 m 100,000, a negligible 
quantity. 

Table I contains the data obtained m two sets of readings with thjse 
barometers, being the values obtained in the course of two series of de¬ 
terminations of the density of air in Geneva No. 1 is the standard 25 mm. 
barometer, II is one similar to it, having a diameter of 13 5 mm III and 
IV are of the type described above, each of 15 mm. internal diameter. 
The values of h given are the averages of several readings, t ° is the average 
of the temperatures shown by four carefully checked thermometers, placed 
at various points along the mercury column. 
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VII 

I 

764 9 

16 5 

2 l8 




762 72 

VII 

II 

764 95 

16 35 

2 l6 

1 25 

I 30 

—0 01 

762 78 

VII 

III 

764 8 

16 45 

2 17 

1 OO 

0 90 

-f 0 02 

762 63 

VII 

IV 

764 9 

16 

2 17 

I OO 

I OO 


762 73 

VIII 

I 

762 8 

15 6 

2 06 

m 



760 74 

VIII 

II 

762.7 

15 5 

2 04 

1 30 

1 25 

do 01 

760 67 

VIII 

III 

762 7 

15 5 

2 04 

1 10 

I OO 

d-o 02 

760 68 

VIII. . . . 

IV 

762 85 

15 6 

2 06 

I 05 

I OO 

d-o 01 

760 80 


This plainly demonstrates the dependability of the pressure readings 
obtained with barometers III and IV. At the same time it shows the im¬ 
possibility of getting as concordant results as, for example, in the de¬ 
termination of volumes, where it is possible for different experimenters 
to check each other to within one part in thirty or forty thousand, with¬ 
out any very great precautions. Obviously, too, a much higher degree of 

1 In the sense in which the term is used m surveying, vt*, the outer segment of m 
radius cut by a perpendicular chord 

• Recuoil d* Constant# Pkystqua, 19x3. PP 93 and 96. 
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accuracy in the determinations erf gaseous pressures may be obtained by 
the simultaneous use, as above, of several good barometen. 

Tn Mosunr Chemical Laboratory, 

WESTERN Reserve UNIVERSITY, 

Cleveland, Ohio. 

A QUALITATIVE TEST FOR WATER BY THE USE OF THE 
ACETYLENE-CUPROUS CHLORIDE REACTION . 1 

By 8. R. Weaver. 

Received October 9, 1914. 

CONTENTS. 

Outline of method and previous related work, (a) Preparation of Reagents. 
Anhydrous Solvents; Cuprous Salt Solutions; Removal of Acetylene from Calcium 
Carbide. ( b ) Methods of Making Test: Blank Tests, (c) Compounds Interfering with 
Test: Action of Adds; Tests of Oldc Add and Glycerol, ( d ) Sensitiveness of Test. 
C 8 ) Summary. 

In the course of the examination of certaiiTcarefully purified organic 
compounds 2 it was found that a simple, quick and very delicate quali¬ 
tative test for water, showing approximately the amount present, can 
be made in the following manner: The substance under examination 
is placed in contact with calcium carbide in the presence of a solvent for 
acetylene, and any acetylene fofmed by the action of water is detected 
by adding the resultant solution to an ammoniacal solution of cuprous 
chloride. The following paper describes the application of this method 
simply as a qualitative test for water. A large amount of work has 
already been done with a view to applying the acetylene-cuprous chloride 
reaction to the quantitative determination of both water and acetylene, 
and a colorimetric method for acetylene depending upon the formation 
of copper carbide in a colloidal form has been devised. The publication 
of this work is planned for the near future. 

Calcium carbide has recently been quite extensively used for the de¬ 
termination of water in substances which, for any reason, do not permit 
the application of the more usual methods of analysis. It was suggested 
by Berthelot, 5 that the acetylene evolved in the reaction could be de¬ 
termined by absorption in an ammoniacal solution of a silver salt with 
subsequent titration of the excess of silver. This method was tried by 
Rivett 4 for the determination of water in butter, but was not successful 
on account of pie incomplete absorption of the evolved acetylene. tWth 
this exception, all the chemists who have used the calcium carbide method 
seem to have determined the evolved acetylene either volumetricatty or 
by loss in weight. Obviously, neither of these methods is applicable to 

1 Published by'permission of the Director of the Bureau of Standards. 

1 This Journal, 35,1309 (1913). 

* Compt. rend., 129, 361 (1899). 

4 Cbm. News, 104, 361 (1911). 
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the detection of very email amounts of water, especially in the 
of other volatile substances. 

Preparation of Reagents. 

Preparation of Anhydrous Solvents .—When testing for water in organic 
liquids it is usually most convenient to allow the liquid under test to serve 
as the solvent for acetylene, in which case the previous preparation of an 
anhydrous solvent is not necessary. In applying the tests to solids, 
however, it is necessary to allow the reaction with carbide to take place 
in the presence of an anhydrous liquid, preferably a solvent of the sub¬ 
stance under test; and the first difficulty met with in the use of the method 
was that of preparing even approximately dry solvents. Samples of gaso¬ 
line, benzene, ether, ethyl acetate, amyl alcohol, amyl acetate, ethyl 
alcohol, methyl alcohol, acetone, chloroform, carbon tetrachloride, carbon 
disulfide, and pyridine were treated with calcium chloride, lime, 
metallic sodium, metallic calcium, and phosphorus pentoxide, ex¬ 
cept in those cases 1 where a given drying agent was known to be inapplicable 
on account of reaction with the solvent. The five solvents first mentioned 
were thus prepared so nearly free from water that it was impossible to 
detect a trace of acetylene dissolved in them after several mintfi* s’ contact 
with calciupi carbide. Sodium appeared to be the best drying agent for 
the hydrocarbons and ether, and calcium for the esters. Drying of the 
other solvents was not carried to completion by the above treatment, but 
all except pyridine were dried sufficiently to be used successfully as sol¬ 
vents for substances containing any considerable amount of water. The 
list could, no doubt, be extended almost indefinitely, and nearly all, if 
not all, of those mentioned, could be completely dried by the use of proper 
chying agents and the observance of suitable precautions. All the liquids 
tested in this investigation were found to dissolve enough acetylene to 
give the desired test. Since any of these solvents will, if exposed to the 
air for a very short time, absorb enough water to show a decisive test, 
they should be kept, after being dried, in bottles containing some of the 
drying agent and communicating with the air through a tube containing 
phosphorus pentoxide; since it is difficult to exclude the air sufficiently 
by the use of ordinary glass cork, or rubber stoppers unless the pressure 
differences, due to temperature changes, are eliminated by the use of a 
drying tube. 

The most sensitive tests are obtained when a solvent is employed 
which is immiscible with water, since the precipitate formed by the sub¬ 
sequent treatment with cuprous chloride solution, if small in amount 
collects at the surface of separation of the two liquids and is very easily 
detected. If a fairly large amount of acetylene is present the aqueous 
layer dissolves enough acetylene to form a precipitate throughout the 
solution. When the acetylene is dissolved in liquids miscible with water. 
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such as alcohol and acetone, the copper carbide first appease in a col¬ 
loidal form, giving an intense red color to the liquid, but a visible pre¬ 
cipitate quickly separates out. Since the precipitate is distributed 
through a much larger volume when these solvents are used, the test is 
not nearly so sensitive as with ether or chloroform with which, as above 
noted, the precipitate is concentrated in a single layer. Furthermore, 
with some of the miscible solvents, especially with acetone, the precipita¬ 
tion does not appear to be always complete. In fact, it is sometimes 
possible to discharge the color of a colloidal solution of copper carbide by 
adding a large excess of acetone. 

Preparation of Cuprous Chloride Solution .—The test for acetylene is 
most conveniently made by the use of an ammoniacal solution of a copper 
salt reduced by hydroxylamine. Such solutions were used by Ilosvay 1 
for the detection of acetylene in gas, and the methods of preparation which 
would give the most sensitive reagent were carefully investigated. He 
recommends the following proportions for solutions made from several 
salts: 

X. 0.75 g. copper chloride (CUCI2.3H2O), 1.5 g. ammonium chloride, 
3 cc. ammonium hydroxide (20-21% NH*), 3 g. hydroxylamine hydrochlo¬ 
ride. 

2. 1 g. copper nitrate (Cu(N0s)2.5H 2 0), 4 cc. ammonium hydroxide, 
3 g, hydroxylamine hydrochloride. 

3. 1 g. copper sulfate (CUSO4.5H2O), 4 cc. ammonium hydroxide, 
3 g. hydroxylamine hydrochloride. 

In each case the copper salt is dissolved in a small amount of water, 
the ammonia and hydroxylamine hydrochloride are added and the solution 
is diluted to 50 cc. The first of these solutions seems, in general, to give 
the most satisfactory results. This solution may be used for the de¬ 
tection of acetylene in any of the solvents previously mentioned except 
carbon bisulfide, which is reduced to hydrogen sulfide by hydroxylamine 
and precipitates the copper from the solution as a sulfide. When it is 
necessary to use carbon bisulfide as a solvent the precipitating solution 
must be made up from cuprous chloride without the use of any reducing 
agent. It is very difficult to prepare such a solution which is entirely 
colorless, but a very small precipitate of copper carbide may be readily 
detected even in a deep blue solution, and tests have shown that the pres¬ 
ence of a eupfic salt does not interfere with precipitation, provided a 
sufficient amount of the cuprous salt is present. 

On account of the difficulty caused by the oxidation of cuprous to cupric 
chloride, experiments were made with a view to replacing the oapper 
solution with an ammoniacal solution of a silver salt; but the white or 
yellowish precipitate of silver carbide was so much less characteristic 
3a, 697 (i*99)- 
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and so much harder to detect in small amounts than the red copper cat- 
bide, that the formation of the latter is the more useful test even when, 
as in the presence of carbon bisulfide, the copper solution used cannot 
be decolorized. 

Removal of Acetylene from Calcium Carbide .—Commercial calcium 
carbide always contains a considerable amount of occluded acetylene, 
formed by interaction with moist air, which must be removed before any 
delicate test can be made for water in solution. It is very difficult to 
remove this acetylene complete!} even by ignition in an evacuated tube, 
but it may be completely driven off by boiling the carbide wit;h one or 
two portions of the anhydrous solvent, the liquid being completely evap¬ 
orated before the carbide is used. In case it is not desired to use, for this 
purpose, the solvent which is subsequently employed in the water de¬ 
termination, anhydrous ether may always be used. 

Method of Making Test .—The test for water is carried out most simply 
by adding the substance to be tested, together with the solvent, to a few 
pieces of calcium carbide which have been “boiled out,” as described in 
the preceding paragraph, in a test tube. The test tube is closed by a dry 
cork or other stopper and shaken occasionally without allowing * He liquid 
to touch the stopper. Two or three minutes’ contact with the carbide is 
usually sufficient. The tube is allowed to stand long enough for the 
carbide to settle and the clear solvent decanted into the cuprous solution, 
with which it is vigorously shaken. It might be supposed that small 
particles of carbide would be carried into the aqueous solution and that 
the acetylene so produced would make the test of no value; but very little 
difficulty is experienced from this source. The high density of the car¬ 
bide causes even very small piece to settle rapidly, and particles which 
are carried into the precipitating solution are immediately surrounded 
by a dense precipitate which causes them to appear as black specks easily 
distinguished from the bright red, flocculent precipitate produced by 
dissolved acetylene. 

In case a more rigid examination for water is desired, the method may 
be very easily modified to permit suitable precautions to be taken to ex¬ 
clude moisture from the air- and the probability of error from particles 
of calcium carbide carried mechanically into the aqueous solution may be 
avoided by distilling the solvent, together with the dissolved acetylene, 
into the precipitating solution. In case the latter method is adopted, 
it is most convenient to distil in a stream of hydrogen dried over phos¬ 
phorus pentoxide. 

In testing solids, it is preferable to use as a solvent for the acetylene 
a liquid which also dissolves the solid under examination. This is hot 
absolutely necessary however, since an anhydrous liquid will generally 
extract water quite readily from a solid containing it, provided the solid 
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it In t fine state of division. Tests for water in .powdered sugar ham been 
mode successfully by the use of ether, in which sugar is nearly, if not en¬ 
tirely, insoluble. Tests of nonvolatile adds or other compounds, which 
it is not desirable to bring into contact with carbide, may be made by 
adding an anhydrous liquid, which is then distilled off and tested for water, 
either by passing over carbide in vapor form or in the usual manner after 
condensation. Gases may be tested by simply passing over carbide, 
Which has been freed from acetylene, and into the cuprous chloride solu¬ 
tion. 

Blank Tests .—Whatever procedure is adopted, it is necessary to make a 
blank test before using the method to detect water in the sample under 
examination. When testing an organic liquid by simple contact with 
carbide and decantation, it is only necessary to insure the removal of all 
acetylene previously held by the carbide. Boiling out two or three times 
with the liquid under test or with ether, in the manner already dsecribed, 
is always sufficient to accomplish this. Any acetylene found in portions 
of the liquid subsequently added is due to water in the sample. When 
using an anhydrous solvent or when distilling in hydrogen it is necessary 
to make the blank test in the same manner as the test for water. 

Compounds Interfering with the Test .—The usefulness of any qualitative 
test is, of course, largely determined by the number of compounds which 
will give the reaction in question. Masson 1 states that of all the sub¬ 
stances deait with in ordinary circumstances, water is the only one which 
has any chemical action on carbide. A consideration of the reaction 
between water and calcium carbide and that occurring in neutralization 
shows that in the presence of an acid, water might be expected to form as 
rapidly as it is removed until the hydrogen of the add has been quanti¬ 
tatively converted into acetylene by the fojG^jri^aycle of reactions: 

CaC, + 2H,$ Ca(OH) s + C*H a 

Ca(OH) f ^*H($ 3=8 Ca ( A )* + 2H *° 

In the case of the weaker organic adds, at least, this does not take place, 
probably because c^the^facfc that no neutralization occurs in a nearly 
anhydrous solutioi^pM^ the formation of acetylene seems to give a good 
qualitative test fejtrwater in spite of the possible reaction between the 
add and caldum hydroxide. 

Masson fo&d that crystalline adds and add salts, including those 
which contata water of crystallization readily removed by caldum carbide, 
do not react as adds, when treated with caldum carbide, with either 
the carbide or the caldum hydroxide resulting from reaction with the 
Wfrter^wf crystallization. Experiments by the author with adds in Oh** 
hydrin# solution showed that in some cases, at least, the add in Bohrtiod 
* Ckm. News, $7-8 (1911); /. Ckm. Soc., 97,851 (1910). 
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is quite as inactive as were the adds in Masson’s experiments. Thus a 
i g> sample of fused benzoic add was dissolved in ether and boiled with 
calcium carbide under a reflux condenser for fifteen minutes without 
producing a trace of acetylene. Solutions of oleic and phthalic adds 
have been found to behave in the same manner. Ordinary gladal acetic 
add reacts vigorously with the production of acetylene; but neither acetic 
anhydride, nor acetic add containing a considerable excess of acetic 
anhydride do so. Sulfuric add of all concentrations, including that con¬ 
taining an excess of sulfur trioxide, causes a continuous slow evolution 
of acetylene. Even in cases when acetylene is evolved on testing the 
weaker organic jggids, it would, of course, be impossible to say,' without 
first testing adds of known water content, how much, if any, of the acet¬ 
ylene was formed by the acid itself. 

In his experiments upon the determination of water by the measure¬ 
ment of the acetylene evolved, McNeil 1 found that a larger volume of gas 
was evolved from glycerol and from oleic add than could be accounted 
for by the amount of water present. In view of the behavior of related 
compounds, it seemed improbable that this could be due to the production 
of acetylene from the compounds themselves, except that in tJ;» case of 
oleic add continuous neutralization and reaction with the water so formed 
might be expected to take place as with any other acid. In order to test 
this point, thoroughly dried samples of the two compounds were prepared. 
The large water content of the best samples available was not materially 
reduced by heating for three hours at ioo°, in a stream of air dried over 
phosphorus pentoxide and at a pressure of less than half an atmosphere. 
The oleic add was therefore dissolved in anhydrous ether, the ether dis¬ 
tilled off under reduced pressure and the add heated to iio°. This 
operation was repeated several times. Glycerol was treated in the same 
way, using alcohol as a solvent instead of ether. By this procedure, 
both*oleic add and glycerol weie obtained which did not give any trace 
of aoetylene after contact with caldum cafbidc, either when used alone 
or in solution in ether or alcohol. An elevated temperature (as high as 
120 °) did not cause any reaction which could be detected. 

Sensitiveness of Test .—This method for the detection of water is very 
sensitive. Numerous tests were made by the simple method of decantation 
of the solvent after contact with carbide, using samples of gasoline, ben¬ 
zene, and ether, which gave perfect blank tests. Known amounts of water 
were introduced by adding nearly absolute alcohol, the water content 
of which had been determined by Mr/ E. C. McKelvy of this Bureau by 
the method of critical solution temperature. 4 

The results indicated about the same degree of sensibility in the case 

1 Bureau <4 Chemistry, Circular No. 97 (1912). 

* Bull. Bit*. Standards> 9 ,344* 
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of « precipitate could b6 detected. Other teats made by adding a known 
weight of water dissolved In anhydrous ether showed about the same 
sensibility. Tests made upon other solvents, In which a blank teat showed 
a trace of water, indicated that the tot made with alcohol was less sensi¬ 
tive than with the solvents mentioned above, but more sensitive than 
with acetone. Ethyl acetate, chloroform and carbon tetrachloride 
showed about the same sensibility as ether. 

Summary. 

A qualitative test for water, sensitive to less than 0.1 mg. may be very 
easily and quickly made Jpy bringing the substance to be toted into con¬ 
tact with calcium carbide in the presence of a solvent for acetylene, which 
is then decanted or distilled into an ammoniacal solution of cuprous 
chloride. Nearly all the common organic liquids are suitable for use, if 
carefully dried. The method is applicable to a great variety of substances 
and especially to volatile organic compounds. The only compounds known 
to interfere with the test are the stronger acids and substances, such as 
hydrogen sulfide, which precipitate cuprous salts from solution. 

Washington - , D C. 

[Contribution prom the Chemical Laboratory of the University of California. 1 
THE FREE ENERGY OF THE VARIOUS FORMS OF ELEMEN¬ 
TARY SULFUR. 

By Gilbert N. Lewis and Merle Randall 
Received October 5, 1914 

No other element is known to occur in as many different forms as sulfur. 
Several solid modifications have been studie^, of which we shall, for the 
present, consider only the familiar rhombic and monoclinic forms, Sr 
and Sm- Rhombic sulfur, being the stable form at room temperature, 
will be taken as the standard and will therefore be assumed to possess 
zero free energy and zero heat content. In the liquid state two distinct 
substances are present, known as S* and S„ (soluble and insoluble sulfur). 1 
In the gaseous state at least four modifications have been studied: S, 
Si, Si and S§. 

Monoclinic Sulfur. 

Sr » Si*.— Vhe heat capacity of rhombic sulfur has been determined 
by numerous investigators. 1 When all their data are plotted the most 
1 Since this paper was written a third kind of sulfur in the liquid state, Sr, has 
been described by Aten (Z physik. Ckem ., 86 , i (19*3)). His results do not necesdtate 
any material change in the present calculations, nor do they suffice to warrant us at 
present in attempting to calculate the standard free energies of the several liquid forms. 

* Regnault, Ann. chim. pkys ., [3] 9, 32a (1843); Kopp, Trans. Roy. Soc. London, 
i55t I* 7x (1865); Bunsen, Ann. physik [3] 141, 1 (1870); Dewar, Prcc . Roy. Soc. 
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probable vataea ior the heat edacity at various temperatures foil oil a 
somewhat curved line, which, however, may be regarded as straight 
between o° and ioo°, and expressed by the equation 

C*(Sr) *= 4.12 4 * 0.0047T cal. per gram atom. (r) 

Similarly, the available data 1 for monoclinic sulfur lead to the following 
equation as the most probable linear expression for the heat capacity 
between o° and ioo°* 

C*(S M ) * 3-62 + 0.0072T (a) 

Hence for the reaction considered 

AT = AC* “ —0.50 + 0.0025T. (3) 

The best value for the heat of transition is probably that of Brdnsted, 1 

AHjti = 77 *o. 

hence by combination with the preceding expression we find* 

AH = 120 — 0.50T + 0.00125T 2 . (4) 

We may now write the equation for the increase of free energy 4 
AF° = AHo — Ar 0 TlnT — Y^TiT* + IT; 
or 

S M = S R ; AF° =120 + 0 5oTlnT — 0.00125T 2 — 2.820T. (5) 

The value of I being determined as follows: The temperature at which 
the free energy change of this reaction is zero, in other words, the transition 
point, is given by Tammann 6 as 94.6° and by Reicher* as 95.5°. We 
will take the mean, 95 We may, therefore, substitute in the preceding 
equation and find I = —2.820, whence AF 0 2B8 = i7*5* 

The free energy change at 25 0 was also found directly by Brdnsted 7 
who determined the relative solubility of the two forms of sulfur in ben¬ 
zene, in ethyl ether, in ethyl bromide, and in ethyl alcohol. The ratio 
of the concentration of Sm to that of Sr was found to be 1.27, 1.28, 1.28, 
and 1.3 in the four solvents, respectively. Since both forms of sulfur 
were shown by Brdnsted to give identical solutions with the formula S», 
the free energy change is given by the equation 

London, 76, 332 (1903); Forch and Nordmeyer, Ann. phystk ., 20’, 423 (1906); Wigand, 
Z. phystk Chem., 63, 293 (1908); Nernst, Korcf and Lindemann, Sitsb. Kgl. preuss, 
Akad. Wiss., xa, 13, 247-261 (1910); Nernst, Ibid., xa, 13, 261-282 (1910). 

1 Regnault, Loc. at ; Thoulet and Lagarde, Compt rend., 94, 1512 (1882); Wigand, 
Loc. cit.; Nernst, Koref and Lindemann, and Nernst, Ibid. 

* Brdnsted, Z. pkysik. Chem , 55, 371 (1906) 

1 This eq ua tion gives at 95 0 AH «* 103, while Tammann, Ann. physik., I3] 68, 
633 (1899) obtained the value 100 at this temperature. See also Lewis and Randall, 
This Journal, 33, 488 (1911). 

4 Lewis, This Journal, 35, 1 (1913). Equation 32. 

1 Tammann, Loc. cit. 

• Rdoher, Z» KrystaUographic , 8, 393 (1884). 

7 Brdnsted, Loc. cit. 
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AF° - y In 1.28. 

Hence AF°m ■ 18.3, a value nearly the same as that found by the other 
method, 17.5, which value will be used hereafter. 

N Liquid Sulfur. 

While jt is probable that a large number of pure liquids contain two or 
more molecular species in equilibrium with one another, the case of sulfur 
is peculiar in that the equilibrium under certain circumstances is established 
so slowly that it has been possible to demonstrate the existence in the liquid 
state of the two substances known as S x and S M , and to determine quanti¬ 
tatively at various temperatures the relative amounts of these two sub¬ 
stances (which in all probability have the formulae S 8 and S«, respectively). 1 
We have, therefore, three reactions to consider, involving the formation 
from the standard rhombic sulfur of pure Sx, of pure S M and of the mixture 
of the two as they exist together in equilibrium, which may be denoted 
by Sx, M . Of these only the first and last have been fully investigated. 

Sr * Sx«—The heat capacity of S x is given by the equation 2 

C,(Sx) = 5-4 + 0.005T. (6) 

Combining this with (1) we have for the reaction, 

Ar = 1.28 + 0.0003T (7) 

and 

AH ~ AH 0 + 1.28T + 0.00015T 2 . (8) 

AHgTs is 8 467 and thus AH 0 = —35 and 

AF° *= —35 — i.28TlnT — 0.00015T 2 *+■ 7.77T. (9) 

The value of I = 7.77 in this equation was obtained as follows: Kruyt 4 
found that when rhombic sulfur melts to form pure S x the melting point* 
is 112.8°. At this temperature, therefore, AF° = o, and the above 
equation may be solved for I. From this equation we find AF° 2 »g = 94 cal. 

Sm = S x .—We may make a similar calculation for this reaction. The 
melting point* of Sm to form pure Sx is 119°. This, together with the heat 
capacities and heats of transition already used, leads to the equation 
AF° *= —155 — i.78TlnT + 0.001 iT* + 10.60T. (10) 

Subtracting this equation from (9) gives an equation identical with (5) 
except that I => —2,83 instead of I * —2.82. 

1 Our evidence on the basis of which we attribute the formula S« to S^, is given 
in a letter published by Smith and Carson, Z. physik. Chem., 77, 672 (1911). 

1 Lewis and Randall, This Journal, 33, 476 (1911). 

* Lewis and Randall, Ibid. 

4 Kxuyt, Z. physik. Chem , 64, 513 (1908), where a bibliography of earlier work 
on the different forms of sulfur may be found. 

f See also Smith and Carson, Z. physik. Chm., 77, 668 (1911). 

*8011111 and Holmes (Z. physik . Chem., 4a, 469 (1903)) give 1x9.25*; Wigand 
« in • later paper gives 118.95° (£• physik. Chem., 7$» 235 (1910)). 
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This is not the only way of checking the accuracy of the various num¬ 
erical data employed. Given the equation for S R = Sx, and the melting 
points of Sr and «Sm» we could have calculated without further data AH 
for Sm “ Sx, and for Sr * S M , and would have obtained values in close 
agreement with those which we have used. Or we could have assumed 
the experimental values of AH, and then from either of the melting points 
the other one could have been calculated, just as the transition point, 
Sr = Sm> can be calculated from (9) and (10) when the two melting 
points are known. 

Besides the melting points when S R and S M melt to form pure Sx, we 
have also the so-called natural melting points, namely, the temperatures 
at which the solids are respectively, in equilibrium with S X>M , the stable 
mixture of Sx and S„. The natural melting point of S R is uo.4 0 (Kruyt, 1 
no.6 0 ; Smith and Carson, 2 no.2 0 ). The natural melting point of Sm 1 
is 114.6°. From either of these experimental points we may calculate 
the free energy of the equilibrium liquid, or with the known data for the 
heat content of the various forms we may, from the first of these points, 
calculate the second point, and this calculation gives a value within 0.2 0 
of the one experimentally determined. 

5, = s x , .—There is still another way of calculating the free energy 
of the equilibrium liquid, Sx, M . With decreasing temperature the equi¬ 
librium liquid becomes more and more nearly pure Sx- It would therefore 
be a very close approximation to the truth to assume that at 25° the free 
energy of S X>M is equal to that of S x ; or, better, since by extrapolation from 
data about to be mentioned we find the amount of S\ converted into S M 
at 25 ° to be about 0.8%, we may assume that in this very dilute solution 
the activity of the Sx is proportional to its mol. fraction, and thus we 
find by a very simple calculation that AF° 2 o 8 = —0.8 cal. 

Next from the thermal data it is possible to calculate the free energy 
of Sx, M at higher temperatures. la this case, however, the use of the 
thermal data cannot be made conveniently in the ordinary way, for, as 
we have shown in the paper dealing with the heat content of sulfur, the 
specific heat of the equilibrium liquid cannot be expressed as any simple 
algebraic function of the temperature. We must therefore go back to 
the fundamental free energy equation which we may write in the form 



or, when Integrated between two temperatures, Ti and Tj, 

AF, _ AFi /T, AH 

Ta Tx " Jt. T* aA * 

1 Kruyt, hoc. cti. 

2 Smith and Carson, Z . pkytik. Chem 77 , 66s (1911)* 
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Now, if AH/T* is plotted against T, we may perform the indicated integra¬ 
tion graphically and thus obtain the free energy at one temperature 
when it Is known at some other temperature. This is the general method 
which must be employed when the heat of reaction is known at various 
temperatures, but cannot be conveniently expressed in terms of a simple 
equation. 

The value of AH in the formation of 32 g. of S M from Sx we have shown 
to be 416 cal. The specific heat of S M is unknown, but we shall make no 
serious error in assuming that it is approximately the same as that of 
Sx, and therefore AH for Sx = S M is approximately constant, and AH for 
Sx ** Sx,„ is simply 4162: where x is the fraction of S M in S\ tM . Sub¬ 
stituting this value for AH in the above equation, we have only to integrate 
—4i6*/T 2 dT. Now from the data of Smith and Holmes 1 and of Carson* 
(see Fig. 1, Lewis and Randall) 1 we have plotted the values of x/T * be¬ 
tween 25 0 and 445 0 and determined graphically the area of this curve 
between 25 0 and various upper temperature limits, thus obtaining the 
following table, in which the first column gives the absolute temperature, 
the second the fraction of S M , the third the value of the integral, and the 
fourth the value of AF° at each temperature provided that AF° 2 m * o: 




Tabus I. 


T. 

X . 

P - 4 S* 

J m T« 

AF°. 

298 

0.008 

0.0 

0.0 

373 

0.031 

—0.00465 

— 1.7 

393 

0.040 

—0.00664 

— 2.6 

413 

0.055 

—0.00902 

— 3-7 

423 

0.067 

—0.01037 

— 4.4 

433 

O.III 

—0.01217 

— 5 3 

443 

0.187 

—0.01553 

— 6 9 

453 

0.225 

—0.01981 

— 9.0 

473 

0.270 

—0.0295 

—14.0 

510 

0.313 

—0.0496 

—25.3 

573 

0.332 

—0 0771 

— 44-2 

633 

0.338 

—0.1070 

—70.0 

7*8 

0.341 

—0.1267 

—91.0 


The value of AF° for Sx = $\, M at no.4 0 can be very readily found 
from independent data already given, for, this being the natural melting 
point of S R , AF° * o for Sr = S X , M and therefore AF° for Sx « Sx ## » is 
equal to —AF° for Sr * Sx. The latter value may be obtained from 
Equation 9, or, since the interval from this temperature to the point 
of equilibrium between S R and Sx is small, we shall obtain greater accuracy 
by simplifying the primitive equation 

1 Smith and Holmes, Z . physik. Chem., 54, 257 (1905). 

* Carson, This Journal, 29,499 (1909). 

9 Lewis and Randall, Ibid., 33,476 (1911). 
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to 


AF — AH 


T <*(AF) 

dT 


—AH * T 


dAF 
dT 4 


and regarding the small temperature interval as an infinitesimal. We 
thus find at uo.4 0 for S R = S x , AF° = 2.7, and thus for S x * Sj^, 
AF° « —2.7 cal. The value obtained by interpolation in Table I is 
—2.2 if AF°i98 = o, or—3.0 if AF° 2 98 = —0.8, as it was roughly estimated. 
These calculations have been entered into in more detail than would be 
warranted by the importance of the particular problem involved, but they 
afford simple illustrations of the methods which are generally applicable 
in similar cases. 

Gaseous Sulfur. 


The next reactions to be considered involve not only much larger free 
energy changes, but also greater uncertainty in these values The gaseous 
phase of sulfur is even more complex than the liquid, and may contain 
at least four molecular spedes—S, Sa, S« and S 8 . We shall attempt to v 
determine the free energy of only one of these, namely, Sa, aluiough the 
measurements of Nernst 1 on the dissotiation Sa = 2S, and those of Preu- 
ner and Schupp 2 on the equilibrium between S2, S« and Sg make it possible 
to estimate roughly the free energy of the other gaseous forms. 

2 S Kft = Si .—In order to find at the temperature of boiling S X , M the 
difference in free energy between the equilibrium vapor and Sa at atmos¬ 
pheric pressure (if it could so exist) we will make use of the following 
device: Let us assume that the equilibrium vapor is expanded reversibly 
and isothermally to such a low y tessure that it is essentially pure Sa, and 
that then, with the aid, perhaps, of a negative catalyzer, the Sa vapor is 
compressed reversibly and isothermallv to atmospheric pressure without 
the formation of any S« or S 8 . The difference between the values of 

fiOp in the two isotherms will be the desired difference in free energy. 

Now the isotherm of St may be assumed to be that 6f a perfect gas, that 
of the equilibrium vapor ca n be obtained from measurements of the 
volume of sulfur vapor at different pressures. When we first made this 
calculation best available data were those of Biltz and Preuner* who 
determined the density of sulfur vapor at 444.6° between 14 mm. and 
458 mm. The relations which they thus obtained between pressure 
and volume were plotted and the curve extended, as accurately as the 
data permitted, to one atmosphere on the one side and to 0.0075 atmos- 


1 Nernst, Z. Elektrockem 9, 623 (1903). 

2 Premier and Schupp, Z. pkysik . CJum 68,129 (1909). 
* BUts and Preuner, iKd., 39 * 33 ® (1903). 
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phere on the other, and the area corresponding to the integral, Jnip, 

was determined graphically and found to be 97.0 liter atmospheres. 
Now, assuming that at the lower limit of pressure the sulfur vapor is all 
St, the other isotherm is an equilateral hyperbola coinciding with the 
first curve at the lower pressures. The corresponding area under this 
curve was 289 liter atmospheres. The difference of 192 liter atmos¬ 
pheres, or 4650 cal., should be the difference in free energy of the gas Si 
and the liquid S X , M at one atmosphere and 444.6°, since the liquid Sx, M 
has the same free energy as the equilibrium vapor. 

The data from which this calculation was made were subject to con¬ 
siderable uncertainties, which, however, were in part removed by the 
publication of a more extended investigation on the isotherm of sulfur 
vapor by Preuner and Sehupp. 1 Their results permitted an independent 
application of the method just outlined. Since these measurements 
were made at 450 °, in order to reduce their results to the boiling point of 
sulfur a small correction had to be made, details of which need not, how¬ 
ever, be given. The final result thus obtained was 4300 cal. We will 
take as a mean of the two determinations 


2Sx,„(/) « Si(g); AF°ti 8 = 4500 cal. 

2S r = S 2 .—We then have from Equation 9 

S R = Sx; AF° 7 i 8 = —590 cal. 

From Table I 

Sx ■* S X(M ; AF° 7 i 8 = —90 cal. 

By combining the three data we find 

2Sr = Si (g., 1 atmos.); AF° 7 i8 = 3140 cal. 

In order to find the expression for this free energy change at otfisr 
temperatures, we must know the heat of the reaction as a function of the 
temperature. The heat capacity of S R has been given in Equation 1, 
that of the gas Si will be assumed to be the same as that of oxygen, namely, 1 
C*(Sa) = 6.5 + 0.0010T. (n) 

Hence 

Ar = 1.74 — 0.0084T. (12) 

The value of AH 0 we may obtain by combining the heat of formation of 
HtS from S* found by Preuner and Sehupp* at 1000 0 with the heat of 
formation of, HiS from S R found by Thomsen and Berthelot at room 
temperature. This calculation, of which the details will be given in the 
paper on hydrogen sulfide, yields the value AH 0 = 29600. We may 
now make use of the value which we have obtained for AF°7is and write 
as the final equation 

1 Preuner end Sehupp, Z. physik. Chart., 68, 129 (1909). 

• Lewis and Randall, Tma Jouenai,, 34,1130 (19x2). 

1 Preuner and Sehupp, Z. pkysik. Chm 68,157 (19097. 
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« 

*6* » Sf (g); AF° * 29600 + 1.74TI11T + O.0O42T* — 
and 

AF°*9| = 17600. 

We wish to express our obligation to the Rumford Fund of the American 
Academy of Arts and Sciences for financial aid in this investigation. 

Summary. 

The following table gives the free energy of formation of the forms of 
sulfur considered in this paper: 

Table II. 

Substance. F°m. Equation. 

Sx,„. —08 (Table I) 

St . 17600 13 


DETERMINATION OF CUPROUS AND CUPRIC SULFIDE IN 
MIXTURES OF ONE ANOTHER. 

Bv Euobn Pobnjax. 

Received October 22 , 1914. 

In the course of an investigation upon copper sulfide minercds, which 
at the present time is being carried out in this laboratory, it became 
necessary to discover a method to determine cuprous and cupric sulfide 
in their mixtures. Such a determination involves great difficulties for 
the reason that no solvents are known for either of them, i . e. f solvents 
which dissolve them without decomposition. It was therefore necessary 
to find a substance that would react with only one of the components, 
or, if reacting with both of them, would yield with each of them a different 
substance, which in turn could in some way be easily separated and de¬ 
termined. 

Several reactions were tried, for instance the oxidation of cuprous 
sulfide. It is well known that cuprous sulfide changes in an acid solution 
in the presence of oxygen into cupric sulfide. But experiments showed 
that this reaction did not stop at cupric sulfide, and that cupric sulfide 
was also much attacked under these conditions. Finally it was found 
that the reaction of cuprous and cupric sulfide with silver nitrate offered, 
under certain conditions, a method for their determination. 

The reaction between cuprous sulfide and silver salts has been ex¬ 
amined by Heumann, 1 Schneider* and more recently by C. Palmer and 
E. S. B as tin.* As a result, this reaction has been expressed by the equation 
Cu«S + 2Ag*S0 4 » Ag*S + aAg + aCuS 0 4 
1 Bor., 7 .1680 (1874). 

1 Pogg. Ann. Physik., i$a, 471 (1874). 

1 Economic Geology, 8,140 (1913). 


Substance. Equation. 

Sb. O 

S*. J7-5 5 

S X. 94 9 


BftKXSLVY, CAl,. 


MIS 

<* 3 ) 








BuOSN WoBWJAK# 


m* 

Regarding the reaction between cupric sulfide and silver salts Anthon 1 
and Schuermann* report the formation of silver sulfide; whereas C. Palmer 
and E. S. Bastin 1 assert that metallic silver as well as silver sulfide is 
formed. It was therefore necessary to determine this reaction. 

A very pure specimen of covellite from Butte, Montana (Cu 66.43%, 
S 33.28%, Fe 0.05%, SiOs 0.07%), and a chemically pure synthetic cupric 
sulfide were used. The very finely ground material was heated for several 
hours on the steam bath with solutions of silver nitrate and sulfate, re¬ 
spectively. The resulting substance was then filtered and washed It 
proved to be silver sulfide. Dr. H. E. Merwin kindly examined it micro¬ 
scopically. He found it to be perfectly homogeneous and in neither case 
when natural or synthetic cupric sulfide was used, could he detect any 
metallic silver. 

Substances resulting from the reaction of the silver salt upon cupric 
sulfide were analyzed. The results are given in Table I. 


Weight of 
cupric sul¬ 
fide in g. 

Silver found 
in the result¬ 
ing substance. 

Table I. 

Mol silver for 
each mol of 
cupric sulfide. 

Remarks 


0.3178 

O 7216 

2.01 

Synthetic CuS treated 
AgiS 04 

with 

O.3184 

0.7169 

I 99 

Synthetic CuS treated 
AgNO, 

with 

0.3164 

O.7029 

1.98 

Natural CuS (Butte, Montana) 
treated with AgNOi 


One may see from this table that synthetic cupric sulfide acts exactly 
like the natural mineral and that the nature of the silver salt has no 
specific influence on the reaction. Further, that, when the reaction 
between cupric sulfide and silver salt solution takes place, each mol of 
cupric sulfide reacts with two mols of silver, as is necessary for the forma¬ 
tion of silver sulfide. The reaction may therefore be written 
CuS + aAgNO, = Ag,S + Cu(NO,), 

It was also shown in a different way that no metallic silver is formed 
by the reaction between cupric sulfide and silver nitrate, while the reaction 
between cuprous sulfide and silver nitrate gives equal quantities of silver, 
as metallic silver and as silver sulfide. 

It is known that metallic silver can be dissolved in a solution of ferric 
nitrate. This reaction may be expressed as follows: 4 

Ag + Fe(NOt)* AgNOi + Fe(NO,), 

According to the thermochemical equation 4 

1 /. prakl . Ckm ., 10, 355 (1837). 

* Aim ., 249/326. 

* toe. cit. 

4 This Journal, 34,1016 (2912). 

4 Landok-B6riurtein-Roth Tabeften. 
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Ag +' Fe(NO*)*.Aq * AgNOg.Aq + Fe(NOj) t .Aq — 172,300 caL 

the equilibrium will be displaced from left to right with increase of tem¬ 
perature. An excess of ferric nitrate will also displace the equilibrium 
in the same direction, so that conditions are readily found, under which 
practically all the silver may be dissolved. It was found that a 6% 
solution of ferric nitrate (anhydrous) and a temperature of about 70 0 
were well adapted to this purpose. 

The substances resulting from the reaction of cuprous and cupric sul¬ 
fide, respectively, with silver nitrate were now tested for the quantity of 
metallic silver they contained. Each was treated twice with the solution 
of ferric nitrate and filtered through a hot water funnel. The silver was 
then determined in the solution as well as in the residue. The results 
are given in Table II. 

Table II. 


Weight of Silver extracted Ratio of extracted 

original with ferric Silver in silver to the ail 

substance. nitrate solution the residue. ver in the residue. 

0.3188 g. Cu*S . 0.4263 0.4292 0.993 

0.3226 g. CuS . 0.0096 0.7170 0.013 


The last column in this table gives the ratio of silver found ir the ferric 
nitrate extract to the silver found in the residue. It shows that in the 
case of cuprous sulfide this ratio, within the limits of the experimental 
error, is r. This means that the substance resulting from the treatment 
of cuprous sulfide with silver nitrate contains equal amounts of silver 
as metallic silver and as silver sulfide, and confirms the above reaction, 
viz., 

Cu 2 S + 4AgNOj = Ag a S + :?Ag + 2Cu(N0 8 ) 2 . 

Treating the substance resulting from the reaction of cupric sulfide and 
silver nitrate with ferric nitrate, a small amount of silver was found in 
the extract as shown in the table. This amount (1.3% of the total silver) 
lies probably within the experimental errors and might be due to some 
decomposition of silver sulfide. This together with the previous experi¬ 
ments on this point, proves that no metallic silver was present and We 
can express the reaction between cupric sulfide and silver nitrate by the 
equation 

CuS + 2AgttO, - AgtS + Cu(NOi) 2 

The different ways in which cuprous and cupric sulfide react with silver 
nitrate give us the possibility of determining each of them in a mixture 
of the two. After treating such a mixture with silver nitrate it would 
only be necessary to separate, in the resulting substance, the metallic 
silver from the silver sulfide, which we have previously seen can be ac¬ 
complished by m ean s of a ferric nitrate solution. The silver is then 
determined in the filtrate as well as in the residue. The amount of cuprous 
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sulfide is c alculated from the silver found in the filtrate. The djftereace 
in silver found in the residue and in the filtrate serves for the calcu lati on 
of the cupric sulfide. For, if the substance consisted only of cuprous 
sulfide we should find equal quantities of silver in the filtrate and in the 
residue (within the limit of experimental error), while if cupric sulfide was 
present, there would be more silver in the residue than in the filtrate and 
this excess would correspond to the amount of cupric sulfide in the mixture. 

To make such a determination, conditions described below must be 
followed. The substance to be examined must be at least fine enough 
to pass through a 200 mesh (per linear inch) sieve. About 0.4-0.5 g. ma¬ 
terial are treated with 50 cc. of a 5% silver nitrate solution, which is 
added gradually with vigorous stirring. Most of the reaction takes 
place within a few minutes. To complete it, however, the covered beaker 
must be put on the steam bath for about 3 hrs. and the contents vigorously 
stirred at short intervals. The stirring is necessary because some of the 
material might otherwise be enveloped with metallic silver and silver 
sulfide and this small quantity might remain unchanged. After the 
reaction is complete the precipitate is filtered and washed by decantation 
till the filtrate no longer reacts with hydrochloric acid. The precipitate 
is then collected in the beaker and extracted two or three times with 40-50 
cc. of a 6 % solution of ferric nitrate (anhydrous). This operation is car¬ 
ried out at about 70V The extract is filtered each time through a hot 


Table III. 

Original mixture Ratio found 

in per cent. in per cent. 


Cu*S. 96.25 96.36 

CuS. 3.75 3.64 

Cu»S. 9380 92.50 

CuS. 6.20 7.50 

Cu*S. 93 06 91.50 

CuS. 6.94 8.50 

Cu*S. 84.76 83.70 

CuS. 15.24 16.30 

Cu*S. 7908 77*60 

CuS. 20.92 22.40 

Cu*S. 45.07 45.36 

CuS. 54.93 54.64 

CutS. 12.35 la. 64 

CyS. 87.65 87.36 

CuaS. 10.43 10.31 

CuS. 89.57 89.69 

CuaS. 495 5*39 

CuS-,. 95.05 94.61 

CuaS. z.66 2.96 

CuS. 98.34 97.04 


1 Higher temperature causes hydrolysis and precipitation. 


Difference. 


+ 1.30 
+1.56 
+1.06 
+ 1-48 
io 29 
io.29 


4.0.12 

±0.44 

±«.30 
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water funnel and the residue is finally washed with hot water. To the 
filtrate nitric add is then added until it becomes colorless. The silver is 
then precipitated and weighed as silver chloride. The residue is roasted, 
dissolved in nitric add and the silver determined as silver chloride. The 
percentage of cuprous and cupric sulfide in the mixture is calculated 
from the quantities of silver chloride. Table III gives a number of such 
determinations. They were made with natural cuprous (Cu 79.67%, 
S 20.16%, Fe 0.14%, Si02 0.06%) and cupric sulfides (given above). 

As seen from these results the method is accurate within 1.5%, which 
may be regarded as satisfactory. 

In this method the metallic silver alone may be determined and from 
this, if the original weight of the substance is known, both cuprous and 
cupric sulfide may be calculated. However, the assumption that the 
silver found is strictly proportional to the quantity of cuprous sulfide is 
not safe. It sometimes happens that, owing to insufficient stirring, a 
small part of the mixture (Cu*S, CuS) does not react with silver nitrate. 
The absolute amount of cuprous sulfide that corresponds to the metallic 
silver would in such case be too low. But the occlusion probably affects 
cupric sulfide in a similar degree as it does cuprous sulfide. For that reason 
if both were determined, both would be too low while their percentages, 
calculated from the total weight found, would be correct. The data 
given in the last table under “found” were calculated in this way 

Summary. 

The reaction between cuprous sulfide and silver nitrate was confirmed 
in accordance with the equation: 

CujS + 4AgN0 3 = Ag*S + aAg + 2Cu(NO a ) 2 

It was found that silver sulfide only, and no metallic silver, is formed 
by the reaction between cupric sulfide and silver nitrate, the equation 
for this reaction being 

CuS + 2AgNG* * Ag*S + Cu(NOs)a 

Based on the difference between these reactions a method is given for 
the determination of cuprous and cupric sulfide in mixtures of the two. 
The mixture is treated with silver nitrate and from the product the metallic 
silver is extracted by means of ferric nitrate. The amount of cuprous 
sulfide is calculated from the metallic silver, while the cupric sulfide is 
calculated from the difference between the silver in the silver sulfide and 
the metallic silver. 

In mixtures containing the constituents in any proportion whatever 
the method was shown to be accurate within 1.5%* 

Ga&nrucAt Laboiutout. Caknsoh IxsmtmoM, 

Wauomgtoh. D. C. 
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CORRECTION. 

In the article on “Leakage Prevention by Shielding. Especially in 
Potentiometer Systems,” by Walter P. White, which appeared in the 
October number of this year, on page 2018, 7th line from the bottom of 
the page, instead of: “arrangement described in connection with Pig. 7 of 
the previous paper on potentiometers/' it should read: "arrangement 
described in connection with Section 4, (a) of the previous paper on poten¬ 
tiometers, page 1875/* 

THE PARTIAL VAPOR PRESSURES OF TERNARY MIXTURES 
OF TOLUENE, CARBON TETRACHLORIDE AND 
ETHYLENE BROMIDE. 

By M. A. Roianopp, John F. W. Schulzs and R. A. Dunyhy. 

Received August 17 . 1914 . 

The measurements reported in this paper were carried out in connec¬ 
tion with a study of fractional distillation with regulated stillheads. In 
the case of binary mixtures, F. D. Brown 1 has shown that, if a saturated 
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vapor is partially condensed in a stillhead maintained at a constant tem¬ 
perature, the residual vapor escaping from the stillhead has a constant 
composition , viz., the composition of the vapor given off by that liquid 
mixture which boils at the temperature of the stillhead. The effect of the 
regulated stillhead on vapors containing more than two components has 
never been investigated, and before such an investigation could be under¬ 
taken it was necessary to take two preliminary steps: (i) to work out a 
method by which consecutive fractions of a ternary distillate could be 
rapidly and accurately analyzer! (2) with a view to discovering the law 
involved, to determine the partial pressures of the ternary mixtures 
of a suitable set of three substances, at the boiling points of the mixtures 
under ordinary atmospheric pressure. 


c hc* 



Toluene, carbon tetrachloride, and ethylene bromide were chosen, 
because, cm the one hand, their ternary boiling point surface is not com¬ 
plicated by either a maximum or a minimum; and because, on the other 
hand, they differ widely in their physical properties, so that their mix¬ 
tures could be accurately analyzed by a physico- che m i cal method. The 
needed analytical method was worked out by one of us and fully described 
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in a separate communication. 1 We next undertook to 'determine Hie re¬ 
quired partial pressures or, what is the same, the composition of the 
vapors in equilibrium with various mixtures of our three substances. 

As to the method to be employed, there could be no hesitation. Von 
Zawidzki’s* method, in which i cc. is distilled of? from about 125 cc. of 
nurture, could not be used; our analytical procedure called for about 10 
cc. of the liquid to be analyzed, and to obtain such a quantity of distillate 
without greatly affecting the composition of the original mixture, we should 
have had to use, in each single run. as much as 1 to 1.5 liters of mixture; 


C/tCAL 



which was impracticable. The method of Rosanoff, Lamb, and Breithut* 
could not be used as it would have been exceedingly difficult to produce 
a ternary saturated vapor of constant composition. There remained 
the method described by Rosanoff, Bacon and White, 4 and this we 
found to work as well with ternary as it does with binary mixtures. 

1 Schulze, This Journal, 36, 498 (1914). 

* Von Zawidild, Z. pkysik. Chem 35, 129 (1900). 

* Rosanoff, Lamb and Breithut, This Journal, 31, 448 (1909); Z. pkysik. 

dm)' 

• 4 Rosanoff, Bacon and White, Tms Journal, 3611803 (1914), 
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As in the case Of binary mixtures, the method consisted simply in pm# 
paring a set of different mixtures of exactly known composition, subject* 
ing each to distillation without reflux condensation, and analyzing con¬ 
secutive fractions of the distillates. The amount of mixture employed 
each time was only 100 cc. The analyses were made by determining both 
the index of refraction and the density of each separate distillate. The 
treatment of the results was more laborious than with binary mixtures, 
owing to the fact that three-dimensional coordinates could not be con¬ 
veniently employed. The method involves, namely, plotting the com¬ 



position of the first fraction against the weight of that fraction, the com¬ 
position that would result by mixing the first and second fractions, 
against the combined weight of those two fractions, then the combined 
composition of Fractions 1 + 2 + 3 against the combined weight of the 
three fractions, etc., and extending the resulting curve to where the weight 
of distillate is zero. The point thus attained by the curve would indicate 
the composition of the first infinitesimal amount of vapor evolved by the 
given mixtur e. In the case of ternary mixtures the composition would 
require two coordinate axes for its representation, while the corresponding 
weights requite a third axis. To obtain the desired result with the aid 
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or ordinary cross-section paper, we had to resort to an indirect procedure, 
and it is this that involved some additional labor. We proceeded as 
follows: Having calculated the combined composition of Fractions i + 2, 
Fractions 1+2 + 3, etc., we ascertained, from Schulze's curves, the in¬ 
dices of refraction and the densities that these combined distillates would 
have. The indices and the densities were separately plotted against the 
weights. In this manner two separate plane curves were obtained, which, 
extended to where weight equals zero, indicated respectively, the refrac¬ 
tive index and the density of the first infinitesimal quantity of distillate. 
The two physical properties revealed the composition of that first infinitesimal 
distillate or, what is the same , of the vapor in equilibrium with the given ternary 
mixture. 



The measurements, as already stated, were undertaken as preliminary 
to a study of the regulated stillhead. For the purposes of that study 
it was necessary to learn what vapors are in equilibrium with the various 
ternary liquids boiling at least at some one temperature. We did this for 
five different temperatures, vis., for 83°, 91 °, 99°, 107°, and 115°. And 
for each of these temperatures we studied five different ternary mixtures 
and the two binary mixtures, all boiling at that temperature. The re- 
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suits, tabulated below, are graphically reproduced in Figs, t to 3. The 
system of coordinates used is an isosceles right-angled triangle, which is 
by far the most convenient for practical purposes. The length of each 
of the equal sides is 100. Each vertex represents one of the components 
in the pure state. Every point on a side represents a binary mixture. 
Any point within the triangle represents a ternary mixture: its perpen¬ 
dicular distance from each of the two equal sides measures the percentage 
of the component represented by the vertex opposite to that side, its dis¬ 
tance from the hypotlienuse, measured alone a line parallel to either of 
the two equal sides, represents the percentage of the third component. 
In each of our figures, the heavier curve is an isothermal, showing the com¬ 
positions of the various mixtures boiling at the stated temperature; the 
lighter curve represents the composition of the vapors in equilibrium with 
those various liquids, the point for each liquid studied being connected 
by a tie-line with that representing the corresponding vapor. 

The very same substances were used again that had been prepared 
and purified in working out the analytical method. 1 

In the tables below all percentages are by weight. 


Numerical Results. 

Tabu* I —First Mixture of Boiling Point 83° Composition of the Mixture: 
83 00% CCb + 17 00% C,H 4 CH, + 0% CjH 4 Br* 


Distillate 

No 

Weight of 
distillate 

Spec vol 

Refractive 

angle 

% CCI 

% CsHiCHs 

% CiH«Bn 

I 

22 745 

O 6693 

44 442 

92 35 

7 65 

0 

2 

22 647 

O 6740 

44 358 

91 45 

8.55 

0 

3 

21 283 

O 6827 

44 192 

89 8 

10 2 

0 

4 

21 367 

O 6948 

13 958 

87 5 

12 5 

0 

5 

20 345 

O 7171 

43 567 

83 3 

16 7 

0 


Hence, composition of first infinitesimal amount of distillate 92 7% CCU 4 * 7 * 3 % 
CeH,CH, + 0% C 2 H 4 Br, 


Table II.—Second Mixture of Boiling Point 83 0 Composition of the Mixture: 
81 26% CCU + 14 34% C«H,CH, + 4 40% CtH^Br, 


Distillate 

No. 

Weight of 
distillate 

Spec vol 

Refractive 

angle 

% CCU 

% CiHfCHs 

% CtH«Br* 

1 

21 498 

O 66lO 

44 417 

91 25 

6 75 

2.0 

2,., f 

24 456 

O 6644 

44 342 

90 45 

7 4 

2 15 

3 

23 146 

O 6713 

44 158 

88 7 

8 8 

2 5 

4.. . 

23 951 

O 6815 

43 9<» 

86.1 

10 85 

3 05 

5 . 

20 6l I 

O 7006 

43 433 

81 3 

14 8 

3 9 


Hence, composition of first infinitesimal amount of distillate 91 8% CCU 4 " ^* 3 % 
C#H|CH« + 1.9% CUKUBr,. 

1 Schulze, be. at, 
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. nm 11 - 76 % CC1» + 8.64% C4UCH, + IJ.60% CAB*. 

DUMl Wtfarht of Refractive 

Wo. dlMDote. 3pte.nl. ongte. % CCU. % C.H1CH1. % CtHiSn. 


«. 0.6423 44-433 91-3 3-95 4 -TS 

a. at.829 0.6437 44367 90.63 4.3S 3-0 

3 . 20.959 0.6457 44.200 88.9 5.1 6.0 

4 . 23.748 0.6487 43967 86.5 6.1 7.4 

8. 21.876 0.6545 43 577 82.45 7.85 9-7 


Hence, composition of first infinitesimal amount of distillate: 91*8% CCI 4 +3*75% 
CiHiCHi + 4 45% CABr.. 


Table IV. — Fourth Mixture or Boiling Point 83°. Composition op the Mix¬ 
ture: 76.04% CCI4 4 * 6.16% CtHiCHi + 17.80% CaH«Bri. 


Distillate 

No. 

Weight of 
distillate. 

Spec. vol. 

Refractive 

angle. 

% CCL. 

% C«H»CHa. 

% CjHiBn. 

I. 

24.OOO 

0.6342 

44 425 

91.0 

2.8 

6.2 

* 2. 

23.463 

0.634s 

44 350 

90.2 

3.1 

6.7 

3 . 

. 23.548 

0.6352 

44.150 

88 3 

3 6 

8.1 

4 . 

. 23.516 

0.6366 

43.867 

855 

4 5 

10.0 

* 5 . 

23.181 

0.6385 

43 350 

80.1 

6.1 

13.8 


Hence, composition of first infinitesimal amount of distillate: 91.4% CCU + 2.6% 
C|H«CHi + 6.0% CiHiBr*. 


Table V.—Fifth Mixture op Boiling Point 83®. Composition op the Mixture: 


74.67% CCU + 3-93% C.H*CH, + 21.40% C,H 4 Br,. 

Distillate Weight of Refractive 

No. distillate. Spec. vol. angle. % CCL. % CsHiCHi. %C«H 4 Bn. 

1 . 25.734 0.6268 44 450 91.1 1.8 7.1 

2 . 25.779 0.6265 44.350 90.0 2.0 8.0 

3 . 24.891 0.6255 44-1X7 87.8 2.5 9.7 

4 . 27.162 0.6241 43.750 84.x 3.1 12.8 

5 . 23.929 , 0.6210 42.958 76.3 4.5 *9.2 


Hence, composition of first infinitesimal amount of distillate: 91.4% CCU + 1.8% 
CtHtCHs *f 6.8% CO^Br*. 


Table VI.— Sixth Mixture op Boiling Point 83 ®. Composition op the Mixture: 


73.42% CCl, + 1.88% CeHtCH, + 24.70% CsH.Br*. 

Distillate Weight of Refractive 

No. djstmate. Spac. vol. angle. % CCL. % CsH»CHs. % CLILBr,. 

1 . 23.056 0 . 6 X 98 44 417 90.5 0.8 8.7 

2 . 24,124 0.6X90 44*350 89.8 1.0 9.2 

3 . 24.481 0.6169 44 .X 50 87.9 1.1 II. O 

4 . 24.^50 0.6137 43.850 85.1 1.3 13.6 

5 . 24.129 0.6079 43.283 79.4 1.9 18.7 


Hence, composition of first Infinitesimal amount of distillate: 90.8% CCU + 0.8% 
C«H*CHi + 84% CiHiBrj. 
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Toil VII.—Sbvbntb Mixture or Boiling Point 83*. Composition op Tn IKS* ' 
TOTS: 72.30% CC 1 , 4- 0% C.H.CH, + 27.70% CiHtBr* 


Distillate Weight of Refractive 

If®. distillate. Spec. vol. angle. % CCU. % C.iLCH*. % CtHcBd. 

1 . 24.046 0.6136 44425 90.4 O 9.6 

2 . 24.461 0.6120 44358 898 o 10.2 

3 . 24.109 0.6087 44-T50 87.7 o 12.3 

4 . 24.539 0.6037 43858 84.8 o 15.2 

5 . 24.389 0.5941 43250 79.2 o 20.8 


Hence, composition of first intinitcsimal amount of distillate: 90.7% CCU 4 0% 
C«H*CH, + 9.3% C,H 4 Br a . 


Tabus VIII. —First Mixture of Boiling Point 91 °. Composition op the Mix¬ 
ture: 5940% CCU -j 40.60% C*H 6 CH, + 0% C,H 4 Br a . 


Distillate Weight of Refractive 

No. distillate Spec, vol angle. % CCU. % CiHtCH* % CiH4Bn. 

1 . 20.514 0.7473 43.<>83 77 G 22.4 O 

2 . 20.846 0.7632 42.841 74.6 25.4 O 

3 . 18.603 0.7895 42.467 69.6 30 4 o 

4 . 19.676 o 8276 42.000 62 2 37.8 o 

5 . 16.854 0.8931 41283 500 50.0 o 


Herice, composition of first infinitesimal amount of distillate: 78.6% CCU 4 21.4% 
C«H»CHs 4 0% C a H 4 Br 3 . 


Table IX.--Second Mixture op Boiling Point 91 °. Composition of the Mix¬ 
ture: 59 - 16 % CCU + 3944 % CsHsCII* 4 i-4°% C 2 H 4 Br 3 . 

% CCU. % C*H«CH*. % CalLBri. 
775 219 06 

74.6 24.8 0.6 

693 300 0.7 

63.3 360 0.7 

51.9 46*7 * 4 

Hence, composition of first infinitesimal amount of distillate: 78.7% CCU 4 20.8% 
C«HiCH| 4 0.5% C*H 4 Br 2 . 


Distillate Weight of Refractive 

No. distillate. Spec. vol. angle. 

1 . 20.816 O.7431 43-100 

2 . 20.026 O.7582 42.867 

3 . 18.790 0.7862 42.483 

4 . 17 957 0.8175 42.067 

5 . 16.585 0.8727 4 1 ‘*383 


Table X.—Third Mixture of Boiling Point 91 °. Composition of the Mixture; 
54.67% CCU 4 23.43% CsHfCHj 4 21.90% CjH 4 Br a . 

Distillate Weight of Refractive , ~ - 

No. diatulate. Spec. vol. angle. % CCU. % C*H#CHr. % CiILBrt. 


1. 21.867 0.6855 43.150 78.2 13 5 8.3 

2. 21.606 0.6926 42.900 75.4 * 5 ** 9 5 

3 . 21 513 0.7048 * 42.433 69 5 *8.2 12.3 

4 . 20.527 0.7218 41.800 61.6 22.5 15.9 

5 . 19911 0.7475 40.650 46.3 * 9-8 2 3’9 


Hence, composition of first infinitesimal amount of distillate: 79*1 % CCU 4 42-8% 
CsH|CH« 4 8a% CtH+Brj. 
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Table XI.—Fourth Mixture of Boiling Point 91*. Composition of the Ita- 
tuix: 50*88% CCU + 12.73% C«H|CH| "f 38*40% CfJUBr*. 


_______ 

Weight of 

dleUUate. 

Spec. vol. 

Refractive 

angle. 

%CCL. 

% C«H«CHi. %C*£bBo 

I. 

. 22.860 

0.6448 

43.150 

78.23 

7*5 

14.25 

2. 

23.822 

0.6467 

42.883 

755 

8.4 

x6.i 

3 . 

. 23.350 

0.6494 

42.275 

68.9 

10.s 

20.6 

4 . 

23.362 

0.6528 

41.392 

59.3 

13.2 

27.3 

3 . 

. 21.340 

0.6541 

39 783 

41.9 

17.6 

40.5 


Hence, composition of first infinitesimal amount of distillate: 79.0% CCU + 7 * 3 % 
CUHiCH, + 15.8% CfHiBr*. 


Table XII.— Fifth Mixture of Boiling Point 91 °. Composition of the Mix¬ 
ture: 49.22% CCU + 8.68% C«HtCHi 4 * 42,10% CsHsBrt- 


DUtMate 

No. 

Weight of 
distillate. 

Spec. vol. 

Refractive 

angle. 

% CCU. 

% CsHiCHs. 

% CtH«Br». 

1. 

. 24.234 

0.6289 

43.117 

77-8 

53 

16.9 

2. 

■ 24.755 

0.6287 

42.825 

74.8 

6.1 

19.1 

3 . 

. 23758 

0.6274 

42.183 

68.5 

7 4 

24.I 

4 . 

• 33.339 

0.6245 

41.217 

58.9 

94 

31.7 

5 . 

• 23.739 

0.6x50 

39 300 

40.4 

12.4 

47*2 


Hence, composition of first infinitesimal amount of distillate: 79 0% CCU + 5-i% 
C§H|CH» + 15.9% CjHiBrt. 


Table XIII.— Sixth Mixture of Boiling Point 91 °. Composition of the Mix¬ 
ture: 47*88% CCU + 5 32% CUHiCHj + 46 80% C a H 4 Brj. 


DtotiliaU Weight of Refractive 

No. distillate. Spec. vol. angle. % CCU. % CeH»CHa % CaHiBft. 

1 . 24-777 0.6155 43.150 78.3 33 18.4 

2 . 24.602 0.6x38 42.850 75.3 3.7 21.0 

3 . 24.453 0.6092 42.200 69.1 4.6 26.3 

4 . 24.320 0.6011 41.133 59-1 5.8 35*1 

5 . 24.511 0.5814 38.842 39.0 8.0 53.0 


Hence, composition of first infinitesimal amount of distillate: 79.4% CCU + 3.0% 
CUH.CH, + 17.6% CtIUBr,: 


Table XIV.— Seventh Mixture of Boiling Point 91 ®. Composition of the Mix¬ 
ture: 45 80% CCU 4 * 0% C«HftCH« 4 - 54.20% CsHiBrt. 


Distillate 

No. 

Weight of 
diftWate. 

Spec. vol. 

Refractive 

angle. 

% ecu. 

% CUHiCHt. 

% CaHiBrs* 

I. 

. 28.555 

0*5933 

43.200 

78.5 

O 

21.5 

2 . 

• *3.44* 

O.5878 

«*■%» 

* 75.3 

O 

24.8 

3 . 

• 35.96s 

0.5739 


68.3 

O 

31*7 

4 . 

. 36.5,4 

0.5551 

#3*7 

56.0 

O 

44-0 

3 . 

. 38.589 

O.5109 

jg.800 

30.1 

0 

699 


Hence, co mp e titi o n of first infinitesimal amount of distillate: 79.7% CCU + 0% 
C«H»CH* 4 - 303 % CtH«Brt. 
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Tabu XV.—First Moetdwbov Boiuno Point Composit i on or m Moctom: 


35.40% ecu + 64.60% CtHtCHj + 0% CWBtp 

Distillate Weight of Refractive 

No. distillate. Spec, vol aaffle. % CCU. % CiHtCH* % CfcStBft. 

1 . 17*197 0.8610 41.600 56.0 44.O O 

2 . 16.973 0.8852 41*367 SI*5 485 O 

3 . 16.153 0.9281 40967 43*5 56.3 o 

4 . 16.029 0.9796 40.533 33*8 66.2 o 

5 . 14.152 1.0410 40.067 22.3 77.7 o 


Hence, composition of first infinitesimal amount of distillate: 57.7% CCU 4 * 42.3% 
CiH*CH, + 0% CUh.Br,. 


Table XVI. — Second Mixture of Boiling Point 99 °. Composition of the Mix¬ 
ture: 34 64% CCU 4 - 5196% CeH*CH« + 13 40% CjEUBr*. 


Distillate 

No. 

Weight of 
distillate. 

Spec. vol. 

Refractive 

angle. 

% CCU. 

% C*H»CH*. 

% C*H«Bri. 

I. 

. 18.596 

0.8125 

41.617 

572 

36.5 

6.3 

2. 

18.019 

0.8333 

41 300 

51.8 

40.8 

74 

3 . 

. 17.841 

0.8636 

40.850 

44 1 

47.0 

8-9 

4 . 

17.161 

0.8994 

40.333 

34*0 

54-8 

11.2 

5 . 

. 16.080 

0.9385 

39*750 

22.1 

63.1 

I4.8 ' 


Hence, composition of first infinitesimal amount of distillate: 59* 1% CCU 4 - 35 0% 
CUHiCH, + 5*9% C s H 4 Br > . 


Table XVII.—Third Mixture of Boiling Point 99 °* Composition of the Mix¬ 
ture: 33 50% CCU + 33 50% C#H*CH| + 33 00% CtKUBri. 

Distillate Weight of Refractive ^ ^ m 

No. distillate. Spec. vol. angle. % CCU. % CiHiCHi. % CiBUBn, 


1 . 19.716 O.7313 41*683 59 9 24.3 158 

2 . 20.3H O.7443 41*275 54*4 27.5 18.1 

3 . 18.853 0.7606 40675 461 31-9 22.0 

4 . 18.791 0.7778 39 950 35*3 36.9 27 8 

5 . 18.188 0.7907 39 033 22.0 42.0 36.0 


Hence, composition of first infinitesimal amount of distillate: 62.5% CCU 4 * 23.2% 
C*H|CHt + 14.3% C*H*Br t . 

Table XVIII.—Fourth Mixture of Boiling Point 99*. Composition of the 
Mixture: 32.16% CCU 4 * 21.44% C.H.CH, 4 - 46.40% C*H 3 r*. 

"Tf Sptc. toL % CCU. % C*H»CHi. . % OH*.. 


I. 21.482 0.6776 41.675 61.5 16.2 22.3 

2.. 22.122 0.6832 41.200 55*9 * 8*4 2 5*7 

3 . 21.453 0.6892 40.367 46** *i*6 32.3 

4 . 21.343 0.6932 39 333 34*0 25.0 41.0 

3. 21.138 0.6860 37*875 17*9 *7*8 34*3 


Hence , composition of first infinitesimal amount of distillate: 641% CCU + I 5 **% 

CsHftCRi 4 * 20*8% CJUBfi. 
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4 W 31 15% CCI4 + 13 33 % CfHtCHi + S 3 30% CrfWBr, 


Distillate 

Ho 

Weight of 
distillate 

Spec vol 

Refractive 

angle 

% CCU 

% C#H*CH. 

% C.BUBr, 

1 

23 196 

0 6398 

41 692 

63 0 

IO 5 

26 5 

3 

23 519 

O 6399 

41 083 

56 7 

12 O 

31 3 

3 

23 195 

0 6388 

40 142 

47 0 

14 O 

39 0 

4 

23 467 

0 6303 

38 600 

31 8 

16 6 

5i 6 

5 

24 275 

O 6108 

36 683 

14 8 

17 9 

67 3 


Hence, composition of first infinitesimal amount of distillate 65 0% CC 1 4 + 10 0% 
C*H»CHa + 25 0% C*H 4 Br, 


Table XX —Sixth Mixture op Boiling Point 99 0 Composition op the Mix 
TURE 2967% CCI4 + 5 23% CdHjCHa + 65 10% CjH 4 Brj 


Distillate 

No 

Weight of 
distillate 

Spec vol 

Refractive 

angle 

% ecu 

0 C«H*CH* 

% CtHsBn 

X 

25 059 

O 5987 

41 650 

64 3 

4 3 

3* 4 

2 

26 007 

O 5920 

40 875 

57 2 

5 0 

37 8 

3 

26 686 

O 5792 

39 517 

45 6 

6 0 

48 4 

4 

26 811 

0 5559 

37 200 

27 1 

7 3 

65 6 

5 

26 210 

0 3265 

34 617 

10 2 

7 1 

82 7 


Hence, composition of first infinitesimal amount of distillate 66 7% CCI4 -f* 4 0% 
C*H»CH, + 29 3% C,H*Br s 


Table XXI —Seventh Mixture of Boiling Point 99 0 Composition op the 
Mixture 2855% CCU + 0% C^CH* -f 71 45% C2H4B1S 


Distillate 

No 

Weight of 
distillate 

Spec vol 

Refractive 

angle 

% CCU 

% C4H1CH1 

% C«H<Bn 

I 

26 418 

O 5709 

41 650 

65 3 

0 

34 7 

2 

26 960 

O 5571 

40 650 

57 2 

0 

42 8 

3 

28 O91 

O 5350 

38 900 

44 I 

0 

55 9 

4 

28 907 

O 3006 

35 817 

23 9 

0 

76 1 

S 

31 107 

O 4707 

32 667 

6 7 

0 

93 3 


Hence, composition of first infinitesimal amount of distillate 67 6% CCU + 0% 
C#H*CH, + 32 4% C,H 4 Br, 


Table 

XXII —First 

Mixture of 

Boiling 

Point 107® 

Composition op the 

Mixture 

Distillate Weight of 

Ho distillate 

9 90% CCU + 90 10% CsHiCHa + 0% CsHsBrt 

Refractive 

Spec vol angle % CCU % C 4 H 1 CH 1 

% CalfsBn 

X 

14 350 

I 0549 

39 967 

19 6 

80 4 

0 

3 

13 999 

I 0760 

39 850 

15 7 

84 3 

0 

s 

14 193 

I 0941 

39 733 

13 3 

87 7 

0 

4 * 

, 14 029 

I 1x44 

39600 

8 5 

9i 5 

0 

5 * 

14 #2 

x 1368 

39 *-483 

4 2 

95 8 

0 


Hence, composition of first infinitesimal amount of distillate. 21 3% CCU + 78 5% 
C*H*CH| + 0% CiHsBrt 1 1 
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Tabus XXIII.— Second Mixture of Boiling Point 107 •. CoMJosmoN of tbe 
Mixture: 14.32% CCU 4 * 57-28% C«H*CH, + 2840% CU»UBr,. 


Distillate Weight of Refractive 

No. distillate. Spec. vol. angle. %CC 1 «. %C*H<CH.. % CafiUBn. 

1 . 16.873 0.8820 40.017 30 O 53.2 16.8 

2 . 17.085 0.8964 39-742 24.7 -56.3 18.8 

3 . 16.437 O.9099 39-400 18.2 59.9 21.9 

4 . 16.921 0.9175 39 050 12.0 62.5 25.5 

5 . 15-999 0.9126 38633 55 63.4 3 i.t 


Hence, composition of first infinitesimal amount of distillate: 32.1% CCU 4 * 51.3% 
C«H»CH| 4 - 164% C,H 4 Br,. 


Tablr XXIV. —Third Mixture of Boiling Point 107 °. Composition of the 
Mixture: 16.32% CCU 4 - 38.08% C«H|CH* 4 “ 45 60% CABr* 


DiatUlate 

No. 

Weight of 
distillate. 

Spec vol. 

Refractive 

angle. 

% CCU 

% CaHtCHi 

% C»H«Bri. 

I. 

• 19.324 

0.7752 

40.017 

36.4 

36.2 

27.4 

2. 

• 19-358 

O.7841 

39583 

30.5 

39.0 

30 5 

3. 

• 19.413 

0.7904 

39.017 

22 O 

41.9 

36 l 

4. 

19.227 

0.7874 

38.350 

13.0 

43.5 

435 

5. 

19.264 

0 7698 

37683 

5.8 

42.8 

51.4 


Hence, composition of first infinitesimal amount of distillate: 38.6% C\ A U 4 * 34*8% 
CeHiCH, 4 * 26.6% CtHiBr*. 


Table XXV.— Fourth Mixture of Boiling Point 107 Composition of the 
Mixture: 17.12% CCU 4 * 25.68% C«H»CHi 4 - 57-20% CiH 4 Br a 

Distillate Weight of Refractive /r „ __ frr ^ ^ 

No. distillate. Spec. vol. angle. % CCU. % CiHaCH*. % CtHiBra. 


1 . 21.184 0.7042 39.967 40.6 25.0 34 -* 

2 . 20.802 0.7079 39-358 331 37 3 39*6 

3 . 21.126 0.7067 38.592 24.0 29.3 46.7 

4 . 21.185 0.6994 37700 15.1 30.5 54-4 

5 . 21.820 0.6780 36.750 5 9 29.7 64.4 


Hence, composition of first infin tesimal amount of distillate: 43 * 9 % CCU 4 “ 23.7% 
C«HiCHt 4 - 324% CtEUBr*. 

Table XXVI.— Fifth Mixture of Boiling Point 107 °l Composition of the 
Mixture: 17.58% CCU 4 - 11.72% CiHiCH* 4 - 70.75% CtH^Br*. 

DiatUlate Weight of Refractive 

No. distillate. Spec. vol. angle. % CCU. % C*H*CH*. % CimBh. 


1 . 24.002 0.6211 39.850 45*2 12.2 42.6 

2 . 24.X33 0.6153 38.858 35 9 , 3-5 5°*6 

3.../... 24.510 0.6039 37-600 24.7 14-6 60.7 

4 . 24.710 0.5860 36.117 ”.9 * 4*9 72.2 

5 . 23.360 0.5607 34-733 4-6 13 .3 82.1 


Wwf l composition of first infinitesimal amount of distfllate: 49*5% CCU 4* Ti.6% 
CiHaCHi 4* 39*1% CABr,. 4 M ’' 























*&a i x. <*, mo$4»O0r f jorar. w. scatnas amr a. ^ aranst?, n , 

Tam XXVII.—Sixth Mixture 09 Boiling Point 107 °* Composition <*p the 

IftTnjwt: 17.84% CCU + 446% COUCH, 4 - 77*70% COUBft* 


DiatUlate Weight of Refractive 

No. diatHute. Spec. voL angle. % CCU. % COUCH*. % C*H*Bn 

1. 26.187 0.5756 39*8i7 48.5 4.8 46.7 

3. 35.844 O.5622 38.500 38.O 5.4 56,6 

3 . 27.001 0.5433 • 36.708 24.7 6.0 69,3 

4 . 28.328 0.5201 34650 11.5 5.9 82.6 

5 . 39.894 0.4986 33-067 3*3 4*8 91*9 


Hence, composition of first infinitesimal amount of distillate: 53.1% CCU + 4.6% 
COUCH, + 43.3% COUBr,. 


Tabus XXVIII. —Seventh Mixture op Boiling Point 107 °. Composition op the 
Mixture: 18.00% CCU + 0% C,H,CH, + 82.00% CUHiBr,. 


Distillate Weight of Refractive 

No. diatUlate. Spec, vol angle. % CCU. % CiHiCHt. % CtH«Br, 

1 . 38.039 0.5459 39-750 50.5 o 49.5 

2 . 26.919 O.5256 38.083 38.7 O 6l.3 

3 . 28.723 0.5007 35.817 24.0 o 76.0 

4 . 39234 0.4769 33 375 Jo. 1 o 89.9 

5 . 31*172 0.4637 31.850 2.4 o 97.6 


Hence, composition of first infinitesimal amount of distillate: 55.5% CCU 4 * 0% 
COUCH, + 44.5% COUBr,. 

Table XXIX. —First Mixture op Boiling Point 115 0 . Composition op the 
Mixture: 0% CCU 4 " 50.40% COUCH, -f- 49 60% CaH,Br,. 


Dlatillate Weight of Refractive 

No. dlatfllate. Spec. vol. angle. % CCU. % C«H,CH* % CtHaBr*. 

1 . 17.144 O.892O 38.175 O 61.9 '38.I 

2 . 18.419 O.8763 38.083 O 59.6 40.4 

3 . 17651 0.8587 37 950 O 57.1 42 9 

4 . 23.047 0.8307 37 750 O 53.1 46.9 

5 . 18.346 0.7881 37.392 o 47.0 53.0 


Hence, composition of first infinitesimal amount of distillate: 0% CCU + 62.9% 
COUCH, 4 * 371 % COUBr,. 

Table XXX. —Second Mixture op Boiling Point 115°. Composition op the 
Mixture: 3*81% CCU + 34 29% COUCH, 4 - 61.90% COUBr*. 


DiatUlate Weight of Refractive 

No. dlatillate. Spec. vol. angle. % CCU- % COUCH,. % COUBr*. 

1 . I8.090 0.7744 38.083 10.6 42.3 47*1 

2 . 19*374 0.7667 37 792 7.6 41.9 50*5 

3 . 18.998 0.7340 37 467 SO 40.6 54*4 

4 . 21*63° 0.7340 37100 3.0 38.3 38.7 

$% . 21.960 0.7016 36.600 1.0 34.2 64.8 


Hence, composition of first infinitesimal amount of distillate: 12.3% CCU + 42.1% 
COUCH, + 43,6% COUBr,. 
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Tabu* XXXI. —Third Mixture op Boxunq Point iij“. Composition op ism 
Mixture: 6.00% CCU + 24.00% C«H»CH, + 70.00% C>H«Brt. 


Distillate Weight of Refractive 

No. distillate. Spec. voi. angle. % CCU. % C«H»CH». % C*H«Bn. 

1 . 21.171 0.6995 37 983 17-5 29.9 32.6 

2 . 21.543 0.6921 37-450 11.1 31-5 57-4 

3 . 21.509 0.6792 36.908 7.6 29.4 63.0 

4 . 21.668 0.6599 36.333 3-9 27.6 68.5 

5 . 23.061 0.6315 35683 1.4 24.1 74.5 


Hence, composition of first infinitesimal amount of distillate: 21.2% CCU + 28.5% 
C#H*CH* + 50.3% C*H 4 Brj. 


Table XXXII.— Fourth Mixture or Boiling Point 115 0 . Composition op the 
Mixture: 7-44% CCU + 17.36% CUHgCH* + 75.20% C a H 4 Br a . 


Distillate 

No. 

Weight of 
distillate. 

Spec. vol. 

Refractive 

angle. 

% CC4. 

% CmH.CH,. 

% CtHiBri. 

1 . 

. 30.837 

O.653O 

37 983 

22.8 

22.0 

552 

2. 

21.763 

, O.6437 

37 233 

158 

22.4 

6l.8 

3 . 

. 22.558 

O.6316 

36.517 

10.1 

22.0 

679 

4 . 

22.841 

O.6134 

35-758 

50 

20.7 

74.3 

5 . 

23.669 

O.5887 

35.017 

2.0 

17.9 

80.1 


Hence, composition of first infinitesimal amount of distillate: 25.7% CCU + 21.8% 
C«HtCH a + 52.5% QHJk,. 


Table XXXIII.— Fifth Mixture op Boiling Point 115 0 . Composition op the 
Mixture: 8.88% CCU + 8.87% C*H 6 CHi + 82.25% C a H 4 Br a . 

Distillate Weight of Refractive _ 

No. distillate. Spec. vol. angle. % CCU . % CiHiCHi. % CjHiBn. 


1 . 24.412 0.5880 37*75° 28.1 II .5 60.4 

2 . 25.717 0.5756 36.600 19.1 11.9 69.0 

3 . 25.136 0.5601 35425 II.O 11-6 77*4 

4 . 26.253 0.5422 34367 4 9 IO «6 84.5 

5 . 27.417 0.5219 33.467 1-4 8.5 90.1 


H ence , composition of first infinitesimal amount of distillate; 32.7% CCU 4 * 11.2% 
CsH*CH| + 56.1% C|H4Br a . 


Table XXXIV.— Sixth Mixture op Boiling Point 115 0 . Composition op the 


Mixture: 9.66% CCU 


Distillate Weight of 

No. distillate. Spec. vol. 

1 . 26.402 O.5517 

2 . 27.329 0.5351 

3 . 28.942 0 . 5 I 7 I 

4 . 28.855 0.5006 

5 . 30.973 0.4870 


4.14% C#H|CH| + 86.20% CtfUBr a . 


Refractive 

angle. 

% ecu. 

% C.H.CHt 

37.567 

30.9 

56 

36.067 

20.5 

5.8 

34 525 

II.4 

54 

33.230 

4.5 

47 

32.450 

0.8 

37 


% CtHiBrs. 
633 
73 ♦ 7 
83.2 
90.8 
955 


Hence, composition of first amount of distillate: 36.5% CCU 4 “, 5 * 5 % 

CsHfCH. + 58x>% CsBUBrt. 
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Tasl* XXXV. —Ssventb Mdoturb m Boiling Poswac 115°. COMPaimotf or mi 
f Mncmxi; 10.00% CCU 4“ 0% CsH«CHt 4* 90.00% CgHtBri* 


Distillate 

Mb 

Weight of 
distillate. 

Spec. vol. 

Refractive 

angle 

% ecu 

% CsHsCHs. 

% CtH«Bn 

x. 

38.588 

O 5160 

37-333 

32.7 

O 

67.3 

3. 

. 39.331 

0.4956 

35.333 

21 I 

O 

78.9 

3. 

. 39.414 

0 4780 

33.508 

ix 5 

O 

88.3 

4. 

. 31.646 

O.4665 

32.200 

4 6 

O 

95-4 

5. 

• 31.456 

O 4611 

3i 583 

1.3 

O 

98.7 


Hence, composition of first infinitesimal amount of distillate: 40.0% CC1« + 0% 
CtHftCHs + 60 0% CABr*. 


Tabls XXXVI.— Summary. 

Composition of liquid. Composition of vapor 


Temp 

Mixture 

% CC1« 

% CtIIs 

% CsHsBn 

%CCU. 

% CtHs 

% CsHsBrs 

83 ° 

I 

83 00 

17 OO 

0 

92 7 

7.3 

O 

83 ° 

2 

81.26 

14 34 

4 40 

91 8 

6 3 

1 9 

83* 

3 

77.76 

8 64 

13 60 

^i 8 

3 75 

4-45 

83 ° 

4 

76 04 

6 16 

17 800 

91 4 

2 6 

6 0 

83 ° 

5 

74 67 

393 

21.40 

91.4 

1.8 

6.8 

83 ° 

6 

73 42 

1.88 

24.70 

90 8 

0.8 

8.4 

83 ° 

7 

72 30 

0 

27.70 

90 7 

0 

93 

9 i° 

1 

59 40 

40 60 

0 

78.6 

21 4 

0 

9 i° 

2 

59 16 

39 44 

1 4 

78 7 

20 8 

0 5 

91 ° 

3 

54 67 

23 43 

21 90 

79 1 

12 8 

8 1 

9 i° 

4 

50 88 

12 72 

36 40 

79 0 

7*2 

13.8 

9 i° 

5 

49.22 

8.68 

42.10 

79 0 

5 1 

15 9 

91 ° 

6 

47 88 

532 

46 80 

79 4 

3-0 

17 6 

91 ° 

7 

45.80 

0 

54-2 

79.7 

0 

20.3 

99 ° 

1 

35.40 

64 60 

0 

57.7 

42.3 

0 

99 ° 

2 

34.64 

51 96 

13 40 

59 *. 1 

35 0 

5.9 

99 ® 

3 

33 50 

33.50 

33 00 

62 5 

23 2 

143 

99 * 

4 

32.16 

21.44 

46 40 

64.1 

15.1 

20.8 

99 ° 

5 

31.15 

1335 

55 50 

65.0 

10.0 

25.0 

99 ° 

6 

29 67 

3.23 

65.10 

66.7 

4.0 

293 

99 ° 

7 

28.55 

O 

71.45 

67.6 

0 

32.4 

107° 

1 

990 

90 10 

0 

21.3 

78.5 

0 

0 

O 

3 

14,32 

57 28 

28 40 

32.1 

51.5 

16.4 

107* 

3 

16.32 

38 08 

45.60 

38.6 

34.8 

26.6 

107 * 

4 

17.12 

25 68 

57.20 

439 

23.7 

32.4 

107* 

5 

1758 

117a 

70.75 

49-3 

xr.6 

39.1 

O 

O 

6 

17.84 

4.46 

77 70 

53.1 

. 4.6 

42.3 

107* 

# .7 

18 00 

0 

82.0 

553 

0 

44 5 

««3° 

X 

O 

50.40 

49.60 

O 

62.9 

37.1 

its* 

2 

3.81 

34 29 

61.90 

12 >3 

42.1 

45-6 

IIS* 

3 

6.00 

24.00 

70.00 

21.2 

28.5 

50.3 

IIS* 

4 

7.44 

1736 

7320 

23.7 

21.8 

52.5 

ns* 

5 

8.88 

8.87 

82.25 

32.7 

11.2 

56.1 

««S* 

6 

9.66 

4-14 

86.20 

s6.s 

S*6 

5».o 

n$* 

7 

10.00 

O 

90.00 

40 JO 

0 

60,0 * 
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SUBSTITUTION IN THE BENZENE NUCLEUS. 

By A. P. Hollrman. 

Received September 23, 1914. 

A few years ago, I showed 1 that none of the hypotheses proposed to 
explain the phenomena of substitution in benzene nucleus, are able 
to give a satisfactory explanation of the facts. Since then, H. S. Fry, 
in a series of papers, 2 published a new hypothesis and was able to ex¬ 
plain some of the phenomena observed by means of it, e. g., the fact that, 
in the rearrangement of phenyl acetyl nitrogen chloride CJLNCl.COCHi 
and similar compounds, the halogen enters only in positions ortho or 
para to the nitrogen atom. 

However, on studying this hypothesis more closely it seems to me that 
there are so many objections against it, that it cannot be accepted. I 
venture to present the most important ones in the following lines. 

z. Fry admits that benzene has the structure of 
Fig. i, based on Thomson’s electronic theory of 
linking of the atoms. As he observes, this formula 
indicates the possibility of two isomeric compounds 
CeHfiX, whereas no such isomers have been found 
thus far. In order to explain this, he assumes either 
that one of the two isomers (“electromers”), e. g., of 
chlorobenzene is unstable under ordinary physical 
conditions, or that monochlorobenzene is an equilib¬ 
rium mixture of two tautomeric electromers. It seems 
to me that serious objections may be made against 
both of these auxiliary hypotheses. With regard to the first one; ad¬ 
mitting C*H&C1 to be stable, CgHsCl would be unstable. But in o-C«H*Cl* 
and P-QH4CI1, where one Cl-atom is negative and the other positive* 
we have perfectly stable compounds. On the other hand, if mono¬ 
chlorobenzene is a mixture of C«HsCl and CoHrCI, the nitration of such a 
mixture ought to give a mixture of a- and p-chloronitrobenzene (derived 

from CeH»Cl) and of ffc-chloronitrobenzene (derived from C«H*C 1 ), since— 
according to Fry—"substituents of the same sign occupy positions which 
1 "Die direkte Einfflhrtmg von Bubstituenten in den Benzolkern,” p. 263- 
f Tftis Journal, 34* 664 3 $* (1914); *** also Z. physik. Chem., 

7$» 3®5 (1910). 
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are meta to each other, and substituents of opposite sign will occupy 
pos it ions either ortho or para to each other." Now, I have been able to 
prove that in the nitration of chlorobenzene no trace of w-compound is 
formed, since the eutectic point of an artificial mixture of p- and o-chloro- 
nitrobenzene coincides with the eutectic point of the nitration product of 
chlorobenzene. 

a. It can be proven in still another way that Fry’s rule, just mentioned, 
with regard to the position taken by a new substituent, cannot be correct; 
Fry maintains that the iodine is positive in iodobenzene, since it is formed 

from sodium benzoate and iodine chloride, the latter having the formula 
— 4 - 

Cl—I. But iodobenzene also yields p- and 0-compounds on nitration, 
just as the other halogen-benzenes, though in these the halogen is ad¬ 
mitted to have a negative charge. For the rest, it is somewhat striking, 

that Fry admits on p. 252, L 0., that chlorobenzene has the formula CeHjCl, 
whereas he declares on p. 264, that "it has been impossible so far to prove 
directly, whether the chlorine atom in monochlorobenzene is positive or 
negative." 

3. According to Fry, "the radical SOjH in phenylsulfonic acid may 
function either positively or negatively." He deduces this from the 
fact that this add yields benzene on heating with water, but phenol on 
melting with alkali. But, since in 0- and p-phenylene disulfonic acid one 
SO|H should be positive when the other is negative, these acids should 
yield phenol exdusivdy on mdting with alkali. In reality they yidd 
pyrocatechol and hydroquinol. 

4. The formula of p-chlorotoluene and p-chlorobromobenzene must 
be as is indicated in Fig. 2, according to the hypothesis of Fry. 



FipZ. 

If his rule were correct, we should expect that in the nitration of 

the two p-compounds the group nitro + (because nitric add must be 
—- + 

HO. NO*) should only take position 2, because the H-atom placed there, 
must be positive. However, by researches executed in my laboratory 
by Wib&ut 1 and by Hemeken,* it is proved, that in both cases considerable 
1 JUcueU , 3a, 344 (1913). 

1 Not yet published. 
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quantities of both of the isomers 2 and 3 are obtained. In the case of 
0-ehlorotoluene and o-chlorobromobenzene, Wibaut 1 proved for the first 
substance, that the nitration yields all the four possible mononitro com¬ 
pounds in considerable quantity, and for the second substance, I have 
proved that the nitration product contains almost equal quantities of the 
nitro products 4 and 5, 2 though Fry’s rule predicts the formation of only 
the isomers 4 and 6. It is evident, that these objections would undergo 
no change, if all the signs admitted here for the substituents were the 
reverse. 

5. Fry’s explanation of the fact that the chlorination of nitrobenzene 
yields w-nitrochlorobenzene, can neither be accepted. He supposes that 

— 4. 

HO.C 1 is the chlorinating agent “since absolutely anhydrous chlorine 
does not react with anhydrous reagents.” However, this introduction 
of chlorine is only possible, when a large quantity of SbCl« is added (Vs 
of the weight of the nitrobenzene). All traces of water must be taken 
away by it. The only plausible explanation is, that SbCl B is formed, 

which transports the chlorine to the nitrobenzene. As there can be little 

— + 

doubt that SbCl 6 is SbCl B (always according to the views of Fry' chlorine 
ought to replace an 0 - or p- H-atom in C 6 H 6 N02, when NO* in it is positive. 

6. The substitution of chlorine in 0- and ^-chloronitrobcnzene by OH 

is explained very well by Fry’s hypothesis, admitting for the formulas 
— + 

of these compounds Cl.C 6 H 4 .NO2(p-0); for the negative OH is now able' 
to change places with the negative Cl. The fact that chlorine in w-chloro- 

nitrobenzene cannot be replaced is also explained in this way, since it Has 
+ + 

the formula Cl.C0H4.NO2M. Admitting this explanation, one Cl 

should also be replaceable by OCHs in o- and ^-dichlorobenzene, 
— + — c- + + 

Cl.C0H4.Cl, but not in w-dichlorobenzene, Cl.C0H4.Cl (or Cl.C0H4.Cl). 
However, de Mooy 2 has proved in my laboratory, that the latter also 
reacts with sodium methylate, and that the velocity of this reaction is 
even greater than for the p- and 0-isomers, one Cl-a r tom being replaced 
in all three compounds. 

I wish, finally, to call attention to two further points. In the first 
place, it would probably be very difficult to designate what charge a 
given substituent has. In most cases it might as well be positive as 
negative. This naturally causes a great uncertainty in the explanation 
of the reactions. In the second place, I might direct the attention on the 
consequences of the hypothesis in the case of open carbon chains. For 

these, it leads to the formula C—C—C—C ..., for the linking of the 

12 3 4 

1 hoc. cit. 

* Not yet published. 



G-atomscomes about by C-atom 2 giving off an electron to &*tom a, 
this sending off an electron in its turn to C-atom 2, and so on. This 
must cause the C-atoms at both ends of an open chain to have opposite 
signs. This would involve the consequence that the Br-atoms, e. g. t in a * 
polymethylene dibromide, ought to show a different behavior, which is 
also in contradiction with the experimental facts. 

Chemical Laboratory. University or Amsterdam. 
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THE ADDITION COMPOUNDS OF ORGANIC SUBSTANCES 
WITH SULFURIC ACID. 

By James Kendall and Clifford D. Carpenter 1 
Received October 26, 1914. 

The treatment of aromatic organic substances with sulfuric acid, re-, 
suiting in the formation of condensation products (sulfonic acids), is a 
well-known and widely-applied reaction. In a recent communication 1 
the opinion was expressed that, in such condensations, the formation of 
addition compounds between the reacting substances may represent an 
intermediate stage of the process. The same view has been repeatedly 
advanced in the past, notably by Kekukf, 8 van’t Hoff, 4 Michael,* and 
Guye. 6 Very little systematic evidence, however, has been brought for¬ 
ward in its support, save in the work of Menschutkin, 7 on the addition 
compounds of organic substances with inorganic salts, illustrating an 
intermediate phase of Friedel and Craft’s reaction. The recent papers 
of Baume 8 and his pupils, on systems containing substances of very low 
freezing point, are also of importance. 

Sulfonation is a vigorous reaction, induced by the application of heat 
Of the mechanism sof the process we know practically nothing, except 
that it is complex and probably consists of several distinct stages. Since, 
at the high temperatures employed, the reaction is rushed through all 
of these without a stop, no information has been obtained regarding 
possible intermediate products. Hoogewerff and van Dorp 9 have iso- 

1 The work presented in this paper forms the basis of a dissertation submitted by 
Clifford D. Carpenter to the University of Chicago in part fulfilment of the require¬ 
ments for the degree of Doctor of Philosophy. 

1 Kendall, This Journal, 36, 1722 (1914). 

* Kekul6, Ann., 106, 129 (1858). 

4 Van’t Hoff, Ansichten Uber organische Chetnic, I, 225, 244. 

1 Michael, This Journal, 32, 1001 (19x0). 

* Guye, J. chim. phys., 8, 1x9 (19x0). 

T Menschutkin, J. chim. phys., 9, 538 (1911). 

1 Baume, J. chim. phys., ia, 212 (1914). 

* Hoogewerff and van Dorp, Rec. trav. chim. Pays-Bos , 18, 2x1 (1899); ax, 333 
(190a). 
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latest'dome addition compounds of organic substances with sulfuric and 
phosphoric acids, but a complete examination has been made of no single 
system. 

In the present investigation, the freezing point method previously de¬ 
scribed 1 is applied to the general study of sulfonation. The components 
are mixed at as low a temperature as possible and the mixture frozen in¬ 
stead of heated; in this way addition compounds, if formed, are at once 
isolated. The freezing point (temperature of incipient solidification) 
of a mixture of known composition gives us a point on the temperature- 
composition curve of the system, and from a series of mixtures of varying 
composition the complete diagram is obtained. In this diagram a break 
in the curve corresponds to a change in the solid phase crystallizing from 
the solution; a maximum point on the curve indicates a compound. At 
such a maximum point the mixture completely solidifies at constant tem¬ 
perature. The position of the maximum on the axis of molecular composi¬ 
tion gives the formula of the compound; the sharpness of the curve around 
the maximum shows the relative extent of dissociation of the compound 
into its components. Fuller details of the experimental method followed 
and of the interpretation of the diagrams obtained will be found on refer¬ 
ence to the previous papers cited above. 

The first class of substances examined consisted of the normal aromatic 
acids (benzoic acid and its homologs). It has already been shown* 
that these substances give addition compounds with stronger organic 
acids. In such systems the acidic properties of tlic* weaker acid arc sup¬ 
pressed and basic (unsaturated) properties are induced in the character¬ 
istic carbonyl group, the reaction taking place as follows: 

R—C =* 0 ± + HX R—C~ 

i i 

OH OH 

The compounds formed are consequently to be regarded as true oxonium 
salts. It will be obvious that the same reaction should apply if the 
stronger acid of the system is inorganic , e. g., sulfuriq acid. The primary 
dissociation of this acid is monobasic, hence the compounds obtained 
should be of the general type indicated above, R.COOH^ijSCV How¬ 
ever, 'the secondary dissociation of sulfuric acid also involves the possi¬ 
bility of addition compounds of the type 2R.C00H,H2S04. 

The experimental results obtained showed that the reaction proceeds 
exactly as expected, addition compounds of both types being isolated. 
The investigation was therefore extended to include other classes of or¬ 
ganic substances containing the characteristic ^>C ** Ojl group, namely 

1 fcendall, This Journal, 3 $» (19x4)- 

* Ibid., $6,172a (19x4)- 
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aliphatic adds, aldehydes, ketcmes and anhydrides. All of these gave 
addition products with sulfuric add. The action of sulfuric acid on 
phenols was also examined, with significant results. The complete list 
of Substances studied is given below: 


Aromatic add*. 

1. Benzoic 

2. 0-Toluic 

3. m-Toluic 

4. ^-Toluic 

5. a-Toluic 

6. Salicylic 

7. o-Nitrobenzoic 

8. Cinnamic 

9. Mandelic 

Aldehyde*. 

24. p-Oxybenzaldehyde 

25. £-Nitrobenzaldehyde 

26. Vanillin 

27. Piperonal 


Aliphatic acid*. 

10. Chloroacetic 

11. Trichloroacetic 

12. Crotonic 

13. a-Chlorocrotonic 

14. Glutaric 


Ketones 

28. Acetophenone 

29. Benzophenone 

30. Benzil 

31. Dimethylpyrone 


Phenols 
13. Phenol 

16. o-Cresol 

17. £-Cre9ol 

18. />-Xylenol 

19. £-Xylenol 

20. Thymol 

21. o-Nitrophenol 

22. w-Nitrophenol 

23. £-Nitrophenol 
Anhydrides. 

32. Benzoic 

33. Succinic 

34. Phthalic 

35. Coumarin 


Experimental. 

Pure sulfuric add (100% H2SO4) was obtained by mixture of samples 
of higher and lower concentration, respectively. The add of lower 
concentration employed was J. T. Baker’s “Add sulfuric, C. P. 95.6- 
96.4%,” that of higher concentration was prepared from this by careful 
addition of Baker and Adamson’s “Sulfuric add, C. P. Fuming. 
(HsSaOT).” The 100% add thus obtained was standardized gravi- 
metrically by the barium sulfate method. A more accurate criterion 
of its purity, however, was directly available in a determination of its 
freezing point, since a change in concentration of o 1% corresponds to a 
difference of o 6° in the point of fusion. The acid used throughout the 
investigation froze at 10.3-10.4°. This compares favorably with the 
values found by other observers, 1 when it is remembered that the add 
could not be completely safeguarded from traces of moisture during the 
determinations. Contact with the outer air was made as short as possi¬ 
ble by delivering the add into the freezing point tube from a Grethan 
pipet. 

The organic substances employed were mostly pure Kahlbaum sped- 
mens with satisfactory points of fusion. Only in a few cases was spedal 
purification necessary. 

The expertaental difficulties involved in the examination of the sys¬ 
tems considered in the present paper were much greater than those en¬ 
countered in previous work, and the method of procedure was necessarily 


1 Pickering, /. Chem. Soc ., 57, 331 (1890) obtained 10.33 0 as the point of ftudon. 
A slightly higher value—10.43 0 to 1045 0 —was found by Uchty (This Journal, J9» 
1842 (1908)). 
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slightly modified to reduce them as much as possible. In the first place, 
all solutions with low temperatures of fusion became wery viscous 
hard to stir. What little stirring could be done pcpduced in the liquid 
a mass of air bubbles, difficult to distinguish from minute crystals, hence 
the solution never became perfectly clear and the freezing point appeared 
Very indeterminate. In such systems each point was repeated several 
times and after considerable practice the exact temperature of fusion 
could be fixed. Secondly, almost all mixtures exhibited supercooling to 
a marked degree. So long as the freezing point curve of one of the com¬ 
ponents was being followed, solidification could be induced by the addi¬ 
tion of a minute crystal of this component, but nothing could be done 
in cases where, a compound being expected, the mixture persistently 
hardened to a glassy mass without crystallization. Finally, certain of 
the systems (especially phenols) gave dark-colored solutions, in which it 
was very difficult to determine the presence of solid phase, although a 
yellow flame set behind the tube proved of some help. 

Pure sulfuric acid fumes on exposure to the air, even at ordinary tem¬ 
peratures, and tends to lose SOa. This was not, however, a cause of diffi¬ 
culty in the systems considered in the present paper, since the addition 
of the second component, with the consequent formation of vompounds 
m the solution, considerably reduces this tendency to decomposition. 
Even at temperatures above ioo° (where little sulfuric acid was present) 
no indications of evolution of sulfur trioxide or water from the mixtures 
were obtained. 

Sulfonation itself rarely took place at the temperature of experiment. 1 
In cases where sulfonation did proceed rapidly, the fact could at once be 
recognized by the presence of condensed water on the exposed portion of 
the tube. Such systems were E'»t examined further. It is quite certain 
that the compounds isolated by freezing, described in the following pages, 
are addition and not sulfonation products, 2 for the sulfonic acids decom¬ 
pose on fusion and have no deunite freezing points. Also the maximum 
points on the curves always correspond to points of simple molecular com¬ 
position, which would not be the case if the components had reacted 
together to split off water. Furthermore, the complete solidification 
of a solution at a maximum point at constant temperature indicates that 
no water is present. 

It was found that the exact point of fusion of a mixture could be most 
readily determined as follows: Solidification was induced, and the whole 

1 Sulfonation is a slow process, even at high temperatures. Hence, at the freexing 
Point of the mixture, its progress during the course of the experiments was generally 
negligible entirely. In a few systems, however, it was obsenred that the temperature 
°f fusion of a mix ture changed gradually with the time, pointing to slow sulfonation of 
the substance under investigation. 

1 This point is discussed more fully in a later section of the paper. 
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apparatus w*w>laced ifc a water or paraffinbath* the temperature of which 
iw *hghrifp»ape the required freezing point, as found by a pervious 
approximate d^^A^ation. Stirring was constantly maintained in the 
splhtion, and the thermometer immersed in this indicated a gradual rise of 
temperature so long as solid phase was present and absorbing heat by 
fusion. Disappearance of solid phase was marked by a “hang” in the 
temperature, suecgpded by a rapid rise. At the same time the solution 
became clear. 

By this method freezing points could be obtained, in favorable cades, 
accurate to within 0.2-0.5 0 ; in some systems, however, the tempera¬ 
tures given are correct only to the nearest degree. The difficulties of 
observation were especially great on the sulfuric acid side. Points in this 
region (solid phase H2SO4) are of no particular importance. * Consequently, 
after the first series of experiments with the aromatic acids had been com¬ 
pleted, the examination of this portion of the systems was omitted, except 
in special cases. The curve was started'from the other end and carried 
along as far as possible, by successive additions of sulfuric acid, until the 
composition of the mixture was such that no further compounds were to 
be expected. 

The results of the investigation are collected in the tables below, which 
ate arranged as in the preceding papers of this series. (T «= tempera¬ 
ture of incipient solidification.) Some typical freezing point curves are 
shown in the accompanying diagrams. 


Aromatic and Aliphatic Acids. 

I. Benuoic Add .—The compound CfH».COOH,HiS04 was obtained, stable at its 
maximum, m. p. 87.5°. The freezing point curve is given in Fig. I. 


(a) Solid phase, C*H*.COOH. 


% C^Ht.COOH.. 

. 100.0 

98.0 

92.z 

83*9 * 

69.1 

67 4 


T. 

. 121.8 

120.6 

1x5.8 

109.6 

92.5 

90.0 



( b ) Solid phase, C4H4.COOHJi.SO4. 


% CJVCOOH.. 

60.2 

56.9 

51.8 

495 

44*3 

39-2 34*2 

30.8 

T. 

82.3 

842 

86.2 

87.3 

86.3 

83.2 77.2 

72.3 

% C4H4.COOH.. 

26.2 

24.2 

22.6 

18.6 





. 61.4 

53*2 

44.6 

25.8 






(c) Solid phase 

, h ^ o 4 . 


%mSEbou., 

9*9 

8.0 

5-7 

3*2 

0.0 




!.—6.2 —1.3 3.2 7.0 10.3 

. 1. 0-Toluic Add .—The compound C7Hy.COOH,H*SO« was obtained, stable at its 
a, m. p. 59° (see Fig. 111 ). 


fa , (a) Solid phase, C7H7.COOH. 

%J^tHt.COOH... 100.0 S8.7 78.0 68.1 66.7 61.z 58.x 

f ioa.9 97.8 92.0 83.6 82.2 74.2 67.0 
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(b) Solid phase, C,H t COOH.H^Oi 


% C7H7 COOH 

Si 9 

Si 6 

47 4 44 3 

39 5 37 0 

T 

S87 

58 7 

58 2 57 6 

56 3 54 6 

%C T H r COOH 

307 

25 6 

20 1 


T 

45 6 

33 5 

12 0 




(c) Solid phase 

H*S 0 4 

% C7H7 COOH 

46 

24 

0 0 


T 

30 

7 2 

10 3 



j m-Tolutc Actd —In this system two compounds were isolated 2C7H7 COOH,- 
H*S 0 4 (m p 79 5 0 by extrapolation) and C7H7 COOH H*S 0 4 (m p 63 5 °, by ex¬ 
trapolation) Both compounds are unstable at their maxima, but their points of 
fusion may be readily obtained by a slight extension of the curves, as will be seen 
from the diagram (Fig I) 

(a) Solid phase C7H7 COOH 


% CjHj COOH 

IOO O 

84 5 

74 3 

67 7 

64 1 

61 8 



T 

no 0 

100 5 

92 0 

836 

78 7 

74 9 




( b ) Solid phase 

2C7H; 

r C 00 H,HaS 0 4 


% CjHj COOH 

647 

61 8 

60 2 

59 5 

58 7 

55 6 

54 1 

50 9 

T 

79 3 

789 

78 3 

78 3 

78 0 

76 2 

75 9 

72 2 

% CtHt COOH 

49 9 

47 1 

45 0 

36 3 





T 

71 6 

68 8 

62 3 

36 2 






(c) Solid phase 

C7II7 

COOH H 2 S 0 4 



% CjHj COOH 

42 5 

39 7 

364 

34 8 

34 0 

30 8 

27 1 

22 4 

T 

61 8 

584 

55 6 

54 0 

52 7 

465 

37 5 

20 8 



( d ) Solid phase, HsSO- 

1 



% C,H, COOH 

77 

24 

0 0 






T 

—1 8 

73 

103 







4 p-Tolutc Actd—The compound C7H7 COOH H*S 0 4 wa$ obtained, unstable 
at ita maximum (m p 100 0 by extrapolation) The freeing point curve is shown in 
Fig I 

(a) Solid please, C7H7 COOH 


% CjHj COOH 

IOOO 

84 2 

71 O 

62 9 

59 8 55 * 

5 i 3 

496 

468 

T 

180 2 

1675 

154 7 

143 7 

137 ^ 127 0 1160 

III 2 

IOO 2 


( b ) Solid phase, C7HT C 00 H,H*S 0 4 




% CjHj COOH 

45 5 

42 2 

37 1 

32 8 

28 1 23 0 

21 2 

16 8 

14 7 

T 

99 5 

989 

94 9 

885 

775 587 

530 

18 O 

75 



(c) Solid phase, HjSO< 




% C,H, COOH 

62 

32 

1 7 

00 





T 

—2 2 

30 

58 

103 






S a-Tolutc Actd —The compound C7H7 C 00 H,i*S 0 4 was obtamed, stable at its 


maximum, m p 62 0 

(a) Solid phase, C 7 Hj.COQH 


% CjH, COOH 

IOOO 

91 1 

83 8 

71 6 

699 

68 7 

67 I 

653 

616 


T 

76 8 

7 i 5 

67 7 

59 4 

568 

55 0 

532 

501 

406 



( 5 ) Solid phase 

cm 

COOH.HjSO, 





% C,Hj COOH 

5^3 

53 7 

498 

4 

42 6 

39 5 

37 9 

362 

287 

163 

T 

58 4 

690 

617 

6|? 

607 

60 0 

38 7 

55 0 

47 7 

158 



ma a msa jL *m manimm 

f r 

* ' (c) Solid -phase, fitS0 4 . 

%C?Ht.OOOH.. .4, 16.8 5.1 3.5 0.0 

T.. ——3 o 3.6 to.3 

d. Salicylic Add .—When sulfuric add was added to this substance and the tem¬ 
perature raised to melt the solid, water was given off. This evidence of a condensation 
reaction rendered further work on the system useless 



100 75 50 25 

Per cent. H*S 0 4 . 

I. Benzoic add. Subtract 40° from temperature scale. 
„II m-Toluic add. Subtract 20° from temperature scale. 

III. p-Toluic add. Subtract 60 0 from temperature scale. 

IV, Trichloroacetic add. Add 40° to temperature scale. 

Pig. I. 
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7. o-NUrobetuoie Acid. —On as attempt to melt the mixture of add* in tbia case, 
a violent reaction took place, leaving nothing in the tube but a charred mam. 

8 . Cinnamic Acid. —This add also charred with sulfuric add when the temperature 
was raised* and no investigation of the system could be made. Hoogewerff and van 
Dorp 1 record the existence of two addition compounds with the formulas CiHr.COOH,- 
H9SO4 and 2 CiH 7 .C00H,3H 2 vS 04, respectively. 

9. Mandelic Add. —Here again the mixture of the two acids darkened on heating 
and no satisfactory examination of the system could be carried out. 

jo. Chloroacetic Add. —No compound formation in this system was indicated, 
(a) Solid phase, CH.Cl.COOH. 

%CHjCl.COOH 100.0 94.4 881 78.9 65.1 62.3 59.7 53.7 46.0 

T . 61.7 60.5 57.8 52.7 41.x 38.1 34-5 25.2 ,9.2 

11. Trichloroacetic Acid. —The freezing point curve of this system is given in Fig. 
I It will be seen that the depression of the freezing point of trichloroacetic acid by 
sulfuric acid is abnormally small. No compound was isolated, but in the region be¬ 
tween 11 % and 44% trichloroacetic acid the points obtained fall on two regular curves 

running parallel throughout. It is evident that the lower curve corresponds to an 

unstable crystalline modification of trichloroacetic acid, with a melting point of ap¬ 
proximately 30 °. 

(a) Solid phase, CCh.COOH (I). 


% CCVCOOH... 

. 100.0 

89.3 

78.1 

68.2 

58 3 

54-0 495 

41-7 

37-7 

T. 

57.3 

56.1 

534 

51-2 

49.2 

47.9 47 O 

44.8 

0.6 

% CCU.C00H. ., 

33.2 

30.8 

26.1 

249 

21 0 

17.9 14.1 

11.3 


T . 

41.9 

39.2 

395 

35-3 

31-7 

29.0 21.6 

135 




(0) Solid phase, CC1..COOH (XI). 



% CC1. .COOH.. 

43.9 

32.9 

21.9 

17.8 

134 

7-8 



T. 

38.4 

33-8 

24.0 

20.2 

134 

1.0 




(6) Solid phase, HtSC>4. 
% CCU.COOH... 2.9 0.0 


r . 7.5 io-3 

19. Crotonic Acid.—This acid gave with sulfuric acid the equimolecular addition 
compound C|H*.C00H,H*S04, stable at its maximum, m. p. 24.5 °. 

(a) Solid phase, C.H4.COOH. 

% C|H».COOH.. . 100.0 93 8 83.' 74.6 69.1 65 9 59 3 

T. 71.0 67.5 61.9 34-7 47 *o 4<54 22.3 

(b) Solid phase, C«H».COOH,H*SC>4. 

% C«H*.COOH... 54.9 49.7 43 5 38.i 33 7 

^. 21.3 24.3 23.3 158 1.5 

13. a -Chlorocrotonic Acid .—Here no addition compounds are indicated by the 
freezing point curve. 

(a) Solid phase, C«H4Cl.COOH. 

% C|H«Cl.COOH. 100.0 904 80.2 694 63 5 56 6 52 8 

T. 99.0 935 86.5 79 5 73-2 64.0 58.5 

% C^Cl.COOH. 48.1 43 9 39*0 310 

^ 49.3 41.0 30.0 2.0 

GhUaric Acid.—Hoogewerff and van Dorp* isolated addition compounds of 
1 Hoogc wcrff and van JDorp, Re$. trap. ckim. Pays- Bos, x8» 213 (*899)* 

* Lot. cit. 











raUttric aaid wHh the foKowiac 4MMe dUfkMie Bckfercucdaic, ftunwic, memoxac. 
These proved unsuitable for use in tfc* proteat investigation owing to their high'points 
of fusion, and glutaric add, which possesses the lowest melting point of the aeries of 
s atura ted dibasic odds, was chosen for eiamination. An equimolecular addition 
compound was obtained, stable at its maximum, m. p. 45.5 
(a) Solid phase, C«H«(COOH),. 

% C«H«(COOH)s. 100.0 874 78.8 70.9 65,2 59.6 54.1 49.0 47.8 


T. 95«8 929 88.6 82.5 75.7 65.9 5 i -7 37.1 35*0 

(b) Solid phase, CiH.(COOH),,H,S04. 

% CiH*(COOH)j . 45.5 41.6 39.0 33.5 

T. 49-7 47-7 4 ^*o 40.1 


Consideration of Results with Acids. 

Fourteen adds have been investigated with sulfuric acid. Four of 
these suffered decomposition on heating, three gave no addition com¬ 
pounds, and seven yielded positive results. Of the eight compounds 
isolated, seven were of the type R.COOH.HjjSO^ and one of the type 
2 R.COOH,HjS 04. All compounds were colorless. 

An examination of the results shows that the rule enundated in a pre¬ 
vious communication, 1 that the tendency towards addition-compound 
formation (for adds in pairs) is dependent upon the difference in addic 
strengths, holds throughout the entire series. Very weak organic adds 
readily form addition compounds with a strong add, such as sulfuric add. 
An increase in the addic strengths of the organic add is accompanied by 
the loss of this property. This is illustrated in the following table where 
the * results of the present investigation and those obtained by Hooge- 
werff and van Dorp* are collected. The dissociation constants are those 
given by Ostwald. 8 


Adds forming addition compounds. Acids not forming addition compounds. 


Add. 

100 K . 

Add. 

100 K . 

Benzoic . 

0 0060 

o-Chlorobeuzoic. 

_ 0.132 

0-Tohiic. 

0.0120 

tn-Chlorobenzoic(?). 

0.0x55 

iff-Toluic (2 compounds)_ 

.. 0.00314 

£-Chlorobenzoic(?). 

_ <0.0095 

£-Toluic. 

0.005x5 

0-Bromobenxoic. 

0.145 

a-Toluic. 

.. 0,00556 



m-Bromobenzoic. 

0.0137 



Cinnamic (2 compounds).... 

.. 0.00355 



Crotonic . 

0.00204 

Chloroacetic . 

0.155 

Succinic . 

0.00665 

Trichloroacetic . 

. ... 121.0 

Glutaric . 

.. 0.00475 

a-Chlorocrotonic . 

_ 0.072 

Fumaric _*.... 

.. 0.093 



Mesaconic . 

.. 0,0790 


* 


1 Kendall, Loc. cit. 

* Hoogewerff and van Dorp, Loc. cit. It must be remembered that negative results ob¬ 
tained by Hoogewerff and van Dorp do not disprove the existence of addition products, 
since the mixtures investigated by them may not have had compositions suitable far the 
isolation of compounds. t 1 

1 Ostwald, Z. physik . Chm ., 3* 4x8 (1889). 
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The results of tile above table agree with those obtained previously 1 
in indicating that addition compounds of the type acid-acid are, in fact, 
oxonium salts , the acidic properties of the weaker acid being suppressed 
by the stronger, and basic (unsaturated) properties being induced in the 
carbonyl group. Under this view the formulas of the compounds ob¬ 
tained are: 


■°C 


(SO,).OH 


k—C*o/ H H \o«C—R 

1 Nd—(SO,)—O' I 


OH 


OH 


OH 


In the former, sulfuric add acts as a monobasic add; in the latter, as a 
dibasic add. 


Phenols. 


15. Phenol .—The compound 2C«H 6 0H,H,S0 4 was obtained, stable at its maximum, 
m. p. 15.5 0 (see Fig. III). 


(a) Solid phase, C*H 6 .OH. 

% CeHj.OH. 100.0 94.1 86.6 79.4 72.0 

T. 42-4 35-5 30.5 23.4 13.4 

( b) Solid phase, 2C*H*.0H,H,S0 4 . 

%C«H*.OH. 66.8 61.3 554 51-8 49-5 45 7 42-7 39-5 

T . 15.0 16.0 12.2 10.4 8.0 6.0 2.5 — 2X 

%CeH 5 .OH. 36.3 34 * > 

T . —7.0 —10.0 

16. o-Cresol .—In this system no addition compounds could be isolated, super¬ 
cooling making a satisfactory investigation very difficult. 

(o) Solid phase, C7H7OH. 

% C7H7.OH . 100.0 89.1 76.8 68.7 66.2 61.9 

T. 30.4 26.2 18.8 9.6 6.2 1.0 

17. p-Cresol .—Here two compounds were isolated, both stable at their points of 


fusion; 2C 7 H 7 OH,H,S04 (m. p. xi.o°^ and C 7 H 7 .0H,2H^0 4 (m. p. 93 - 5 °)* Th« 
flatness of the maximum in the case of the former compound indicates that it is largely 
dissociated into its components on fusion, but the form of the curve for the second 
addition product, together with its isingl/ high melting point, makes it evident 
that the compound is very stable. The freezing point curve is given in Fig. II. 


(a) Solid phase, C7H7.OH. 

% C7H7.OH. 100.0 90.4 82.2 754 * 

?. 34.6 29.4 22.1 ix.6 

(b) Solid phase, 2C 7 H 7 .0H,H^0 4 . 

%C7H 7 .OH. 68.0 62.6 58«5 54.1 50-5 45 4 

T. xi.o 11.0 9.3 7*5 5° 9-0 

(c) Solid phase, C 7 H 7 .0H,2H,S0 4 . 

% C7H7.OH . 56.0 48 7 39 5 34 7 33 8 28.6 21.6 X6.2 xa-5 

T. 24.0 57.3 84.x 91.9 93 4 90.9 $7*8 


r*. o-Xylenol .—In this system two compounds were also isolated, analogous to 
those obtained in the case of £-cresol. The compounds 2 C«H* 0 H,H ^304 (m. p. 70 ) 


1 Kendall, This Journal, 36, 1722 (19*4)- 
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Md C*H*. 0 H,H*S 04 (m. p. 90*) woe obtained. Both are atabk at their etching 
points (tee Fig. II). 


(a) Solid phaae, C*H t .OH. 

%CtH*.OH. 1000 875 8«>.a 73.8 7 a-i 63.7 

T. 637 57-6 50.3 47 0 43.4 3«-6 



100 73 so 23 

* Percent H,SQ, 


I. p-Cresol. Subtract ioo° from temperature scale 
II o-Xyleaol. Subtract 140® from temperature scale. 

Ill Subtract i$e>° from temperature scale. 

^^WKrophenol Temperature scale correct 
^fClS^itrophenol. Subtract 10 ° from temperature scale. 


i 
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ADDITION COMPOUNDS OF ORGANIC SUBSTANCES, BTC. 
(b) Solid phase, aC.Hi 0 H,H*S 0 4 


% C1H1 OH 

709 

669 

60 2 

54 4 





T 

680 

700 

689 

634 







(«) Solid phase, C,H, OH HjSO, 



%C.H,OH 

507 

47 8 

44<5 

4 i 5 

34 0 

304 

25 3 

30 3 16 I 

T 

53 8 

608 

7 i 5 

80 7 

90 0 

894 

848 

72 8 58 3 


ig p-Xylenol —Two addition compound* were obtained in this system, the equi- 
molecular compound CsH t 0 H,H 2 S 0 4 (m p 91 °) and the compound C*H» 0 H„iHiS 0 4 
(m p 104 °) Both are stable at their maxima (see Fig II) 

(a) Solid phase C«H t OH 
%C*H»OH 1000 91 1 81 1 

T 74 o 71 o 67 9 

(b) Solid phase, C«H, 0 H,H*S 0 4 

%C|H 0 OH 717 670 617 540 

T 80 6 84 2 87 2 90 4 

(c) Solid phase C«H, OH 2 H*S 0 4 

% C»Ht OH ^64 40 1 328 24 7 

T 92 4 101 o 104 o 919 

20 Thymol —On lirst addition of sulfuric acid to thymol the point of fusion was 
lowered, as m normal cases After about 20% of acid had been added, however, two 
immiscible layers formed and the point of fusion (m the layer richer in thymol) re¬ 
mained practically constant on further addition of aud An attempt to cause complete 
admixture of the two liquids (at the point 53% thymol) by raising the tempeiature 
resulted in sulfonation taking place, a white solid separating out This did not melt 
at 100 °, at which temperature water was given off The system was not examined 
further 

(a) Solid phase CioHi$ OH 

% CioHu OH 100 o 92 4 83 3 722 64 7 52 7 

T 496 471 430* 1 o* 420* ? 

21 o-Nttrophenol —No addition compound was here isolated The form of the 
curve indicates also that none is present in solution, the freezing point depression 
being extremely small (see Fig II) oN 4 \ropkenol here behaves quite differently from 
its isomers, m-mtrophenol and p nitrophenol Both of these form addition com¬ 
pounds, as will be seen in Tables XXII and XXIII below Similarly ^nitrophenol 
does not yield addition products with aniline 1 or with dimethylpyrqne,* while the other 
nitrophenols give compounds m both cases This anomalous behavior of o-mtro- 
phenol is evidently connected in some way with stearic hindrance, since m acidic 
strength it lies between the other two* and should give exactly simil a r results 

(0) Solid phase, Crf^NOi OH. 


% CJI, NO, OH 

IOOO 

93 6 

880 

82 3 

75 7 

74 4 

689 

67 9 

T 

450 

43 9 

424 

41 5 

407 

414 

39 5 

406 

%CJl 4 N 0 , 0 H 

66 5 

638 

59 3 

526 

45 6 

407 

32 0 

258 

T 

39 i 

387 

39 3 

370 

33 5 

300 

31 0 

II 0 


1 Kreeman and Rodims, Mortals , 27, 136 (1906)* 

* Kendall, This Journal 36, 1237 (W4)» 

* Hofieman, Rec trav chtm Pays-Bas, ax, 444 (1902). 
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' ax. m-Nitropk*nol. —On* oompcmnd was obtained, aC^H 4 .N0i.0H,H*S04, (tn. p. 
S 3 1 *), stable at its maximum (see Fig, a). 

(a) Solid phase, C 4 H 4 .NO 1 .OH. 

% C9H4.NO3.OH . 100.0 93.3 87.7 82.0 


T . 95*4 93.5 89.4 84.7 

(6) Solid phase, 2C«H4.NOi.OH,HiS0 4 . 

%C4H4.NO1.OH. 73*5 68.5 60.5 55-2 5i-4 45*9 37-7 3*7 *4-7 

T. 81.7 82.7 78.6 73*5 69.4 62.3 52.2 39.4 18.0 


23. p-Nitrophenol .—Here also one compound was obtained, 2C«H4 .NOi,H*S 04, 
(m. p. 90°), stable at its maximum. 


(a) Solid phase, C4H4.NO1.OH. 
%C4H4.NO1.OH 1000 92.7 83.9 76.9 

?. 113 8 109.4 J02.7 970 

(b) Solid phase, 2C4H4 NO,.OH,H^ 0 4 . 
%C4H4.NO1.OH 68.1 64.1 58.4 53.0 506 447 35.6 

?. 89 9 88.3 80 7 73.5 70.4 60 3 35 1 


Consideration of the Results with Phelols. 

Nine phenols have been investigated with sulfuric acid. One of them 
suffered sulfonation, two gave negative results, the remaining six yielded 
addition compounds. Of the nine compounds isolated, five were of the 
type 2 R. 0 H,HjS 04 , one of the type R.0H,H2S0 4 , and three of the type 
R.0H,2 HjS0 4 . 

The addition of sulfuric acid to a phenol is accompanied in general by 
a darkening in color, the mixture becoming red and in some cases almost 
black. Only in one system, p-cresol, were the solutions light-colored 
throughout. In the solid form, however, the addition prochteta were 
colorless, or at most, only faintly tinted. This darkening, coupled with 
the viscous nature of the mixture, niade the investigation* of the systems 
extremely difficult. Supercooling occurred, in almost all systems, to a 
considerable extent; so that in some cases a compound (e. g. } the com¬ 
pound aCaH^.OH.HiSOi, in the case of p-xylenol) was entirely missed on 
the first examination, and only on a repetition of the experiment found 
to exist. It i9 extremely probable, consequently, that in certain systems 
some of the addition products present in solution were not isolated. 

With regard to the structural formula of the compounds obtained, 
it is ratlfer difficult to decide. The analogy between the addition prod¬ 
ucts here described and those obtained in the case of organic adds ren¬ 
ders the same oxonium structure extremely probable. The generally 
accepted view 1 for the representation of compounds of the type phenol- 
add assumes that the phenol first goes over to the tautomeric ketonic 
form, e . g.» 

\ 

1 Gomberg mad Cone, Ann., 376, 220 (1910). 
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On this assumption, addition takes place on the carbonyl group, as in 
the case of adds. But it is also possible for the reaction to be explained 
directly, by assuming addition on the —OH group, as in the case of alco¬ 
hols. 1 

According to either of the above hypotheses, it is easy to represent 
compounds of the types R.0 H,HjS 0 4 and 2R.0H,HsS0 4 . In the former 
sulfuric add acts as a monobasic acid, in the latter as a dibasic add. The 
third type of compound, however, R.OH^HsSO*, presents some difficul¬ 
ties, since it is impossible to express it, under the scheme followed through¬ 
out this series of papers, except by the assumption of hexavalent oxygen. 


“\ / 
R—O—H 

r/\ 


O(S0 s ) OH 


H 


H 


0(S0j)0H 


| yO(SOj) OH 
Dr R'-CXT 

| X)(SOi) OH 
H 

This assumption has previously been made by McIntosh* to explain the 
compounds obtained with dimethylpyrone and the halogen acids. It is, 
of course, supported by the hexavalency of sulfur. 

While the structural formula of the compounds phenol-add cannot be 
definitely fixed, it may be pointed out here that it is impossible to repre¬ 
sent compounds of the third type under the hypothesis that these products 
are carbonium salts. 8 According to this theory an equimolecular addition 
compound is considered to be formed as follows: 


> 


<0 + HX 


XT 


addition taking place through the breaking up of the double bond of the 
carbonyl linkage. It is obvious, however, that a compound of the formula 
fc.0H,2HiS0 4 cannot be represented according to this view, and an oxoa- 
ium structure must be admitted. 

The investigation of systems of the type phenol-add is at present being 
continued. 

Aldehydes, Ketones and Anhydrides. 

24, p-Oxybentaldehyde. —On addition of sulfuric acid to this .substance, a dark lid 
1 Maaas and McIntosh, This Jouxnai,, 30, 1284 (1912). 

* McIntosh, Ibid., 3a, $42 (1910). 

8 Gomberg and Cone, Ann., 376, 220 (1910). 



Coloration wm produced When the temperature was raked, charring occurred, and 
the investigation of the system could not be continued. 

»$. P-N&robenaaldehyde .—No addition compound was isolated. 

(a) Solid phase, C4H4.NOt.CHO. 


% C4H4.N04.CH0 

100.0 

90.6 

79.7 

73.2 

65.0 

55.4 

49.7 

49.5 

T. 

1044 

100.7 

94.8 

90.9 

85.0 

76.6 

74.5 

74.8 

% cji4.NO1.cHo 

47.3 

44.6 

43.9 

4 M 

40.2 

34.5 

33-7 

24.1 

T. 

73.0 

70.4 

70.4 

67.1 

66.7 

54.0 

56.5' 

32.6 


96 . Vanillin .—When sulfuric add was added, the mixture became dark-colored 
and decomposition began to occur, so that no examination of the system could be 
made. Hoogewerff and van Dorp 1 record the isolation of an equimolecular Compound. 

gy. Piper onal .—Here again darkening of the mixture prevented any examination 
of the system. Hoogewerff and van Dorp, however, record having*$ma£ed the fol¬ 
lowing compound: 2 CtH«(OsCHs).C 0 H, 3 HtSO 4 . 

* 8 . Acetophenone .—The compound aCHi.CO.CflH^HtSO* was obtained, stable 
at its maximum (m. p. 29 °). The system could not be completely investigated owing 
to the fact that the solutions became dark and viscous. 

(a) Solid phase, CH6.CO.C4H,. 

% CH1.CO.C4H, . 100.0 95.8 95.2 89.0 


T. 18.7 17.2 17.4 139 

( 6 ) Solid phase, 2 CH,.C 0 .C«H,,HiS 0 4 . 

% CHt.CO.CfHft..' 86.3 80.8 69.0 68.9 68.6 63.0 59.9 54.9 51.1 

T. 17.6 23.8 28.4 28.7 29.9 28.0 25.0 22.5 18.5 


Bennophenone. —The compound C«H».CO.CfHt,HiS 0 4 was obtained, stable at 
Its maximum (m. p. 64° (see Pig. III)). 

(a) Solid phase, C4Hi.CO.CeH6. 

% CtH4.CO.C4H1. 100.0 96.4 92.9 88.7 79-8 70 9 

T... 47-8 46.4 44*5 42.1 38.0 26.5 

(*) Solid phase, C.H # .C0.C4H*,H^0 4 . 

% C4H4.CO.C4H4. 64.3 54.x 46.2 42.6 38.8 35.7 32.6 29.6 

?. 56.6 630 63.9 61.9 59-4 55 2 48.7 39.1 

jo. BenwU. —Darkening of the mixture here made an examination impossible. 
Hoogewerff and van Dorp record the isolation of an equimolecular compound. 

jl. Dimethylpyrone. —Three compounds of this substance with sulfuric acid were 
isolated: aCyHiOt.HtSO, (m. p. 103 6°), CtH» 0 ,,H*S 0 4 (m. p. 96*), and 2C 7 H*0,,3H,S0 4 
(m. p. 44.8). The first and third of these are just stable at their maxima. Mixtures 
containing less than 30% dimethylpyrone supercooled to a solid glassy mass, conse¬ 
quently the system could not be completed. It seems probable from the form of the 
curve (see Fig. Ill) that other compounds exist. Dimethylpyrone is a stronger base 
Ulan any of the other substances investigated in this paper; the addition compounds 
formed, therefore, are very little dissociated on fusion. f The curve recalls strongly 
that of the system sulfuric add-water, the latter substance being of approximately 
the same basic strength as dimethylpyrone. 8 

(0) Solid phase, C4H1O4. 

%C|H|C)|.. - 100.0 83.4 76,1 71,5 

T.. 132.0 124.0 113.0 1690 

1 hoogewerff and van Dorp, Loc. cit. 

8 Walker, Bsr., 34,4113 (1901). 
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ADomm tporntm of organic substances, mrc. 


% CfHgOi 
T 


% CfHiOi 

T 


% C f H»Oj 
T 


(*> Solid Phase, aC*HiO*,HiS0 4 
66 9 63 5 6x1 37 3 35 5 
103 6 101 8 100 2 90 4 84 2 

(c) Solid phase, C f HtO,,HiS0 4 
53 0 513 506 471 462 433 418 405 401 

88 x 934 960 934 909 725 560 416 366 

(d) Solid phase 2 C*HiO iH*S0 4 
39 5 38 3 36 I 34 1 32 2 30 4 

44 3 43 1 37 6 293 18 2 60 


32 Benzoic Anhydride —In this system three compounds were obtained 
2 CuHioOi,HjS 0 4 (m p 52 5 0 by extrapolation) CuHioOg H3SO4 (m p 705°) and 
Ci 4 HioOi, 2 HsS 0 4 (m p 60 °) The first of these is unstable at its maximum point, 
the others are stable The freezing point curve is given m Fig III 
(c) Solid phase CuHioOi 


% C 14 H,oO, 

100 0 

948 




T 

39 5 

389 






(b) Solid phase, 2C X4 HitOi H 8 S0 4 

% CuHioOi 

90 2 

85 7 

81 0 

77 2 

73 5 

T 

42 3 

45 3 

492 

50 0 

5i 0 



( c ) Solid phase, CuHioOi HaS0 4 

% CuHioOi 

676 

62 2 

55 4 

49 7 

43 7 37 8 

T 

57 3 

64 3 

694 

70 2 

67 6 59 1 



( d ) Solid phase, Ci 4 H 10 O|,2HoSO 4 

% CuHioOi 

36 1 

3i 5 

26 5 

158 


T 

58 7 

58 7 

55 4 

25 0 



33 Succinic Anhydride —The study of this system proved unsatisfactory, a0 
the anhydride sublimes extremely readily at high temperatures No conclusive results 
were obtained 

34 Phthahc Anhydride —This system also gave no definite results 

3$ Coumann —The compound C*H 4 Oj H*S 0 4 was obtained stable at its maximum, 
P 35 5°) 

(a) Solid phase C„H 4 0, 

% C»H«Os 100 o 89 2 80 7 73 1 68 3 63 5 38 4 

T 684 623 534 5x8 465 404 308 

(6) Solid phase C,He0 2 ,H,S0 4 
% C#H|Oj 54 2 50 5 46 2 42 6 38 4 35 2 

T 327 35 5 34 5 323 240 140 

Consideration of Results with Aldehydes, Ketones and Anhydrides, 

From the twelve systems investigated, nine addition compounds were 
isolated The four aldehydes examined gave no definite results, yet it 
must not be assumed from this that aldehydes do not react with sulfunc 
acid to form addition compounds, for with diluted acid Hoogewerff and 
van Dorp obtained compounds in the cases of piperonal and vanillin The 
fact is that, m most cases, the reaction is so violent that tiie process is 
earned past the addition stage Aldehydes, in general, exhibit a greater 





*#<«4 

tendency than ketones t® form additioaproducts with adds, as will be 
shown In a subsequent paper dealing more fully with these two classes @f 
substances. 

The four ketones here investigated gave five addition products. Aceto- 



* too 73 50 25 o 

Per cent. HgSO*. 

I. o-Toiuic add. Add 40 0 to temperature scale. 

II. Phenol. Add 20 0 to temperature scale. 

III. Beneophenone. Subtract 130 0 from temperature scale. 

IV. Dimethylpyrone. Subtract 30° from temperature scale. 

V. Benzoic anhydride. Subtract 160° from temperature scale. 

Fig. III. 




ADDtnosrro *pounds off organic nrc. 

phenone and ben*bph«oone yielded compounds of the types aR.CO.ItV 
H1SO4 and R,CO.R,H#SO*, respectively. In the former, sulfuric acid 
aets as a dibasic acid, in the latter as a monobasic acid. Dimethyl- 
pyrone gave compounds of both these types, and also the addition prod¬ 
uct 2 C 7 H 80 a, 3 H 2 S 0 4 . Compounds of this type have previously been ob¬ 
tained with dimethylpyrone and other acids . 1 

The four anhydrides investigated gave four addition products. Two 
of these were equimolecular, the others were of the formulas 2 C 14 H 10 OJ, 
H*S 0 4 and Ci4HioOa,2H 2 S0 4 , respectively. In a substance such as ben¬ 
zoic anhydride the possibilities for addition compound formation are so 
numerous that no structural representation of the products isolated is 
attempted. 

General Conclusions. 

Thirty-five organic substances in all have been investigated with sul¬ 
furic acid, and twenty-six addition compounds have been obtained. 
These include: 

9 compounds of the type A 2 B (A = organic substance, B — sulfuric 
acid). 

12 compounds of the type AB (or A 2 B 2 ). 

1 compound of the type A 2 B 3 . 

4 compounds of the type AB 2 (or A2B4). 

It is thus seen that the compounds form a regular series in four steps. 
These compounds have been explained on the assumption of oxonium salt 
formation developed in previous papers . 2 The quantitative results, 
where available, are in complete accordance with this view. 

The reasons for asserting definitely that these compounds are addition 
and not sulfonation products—a point already briefly referred to in the 
introduction—may here be discussed more fully. The freezing point 
curves shown above offer in themselves sufficient evidence in proof of 
this important point, since all maxima appear at points of simple molec¬ 
ular composition. This could occur only .by chance if the reaction in- 
1 Kendall, Loc. cit. 

* Kendall, Loc . cit. The substances examined all contain r oxygen; in cases where 
this element is absent ( e. g., aromatic hydrocarbons) a new explanation must be sought. 
In the first place, the addition might take place by means of the unsatisfied carbon 
valences of the benzene ring. This is supported by the fact that the saturated aliphatic 
hydrocarbons do not form sulfonation products. On the other hand, no evidence has 
been obtained throughout the present series of investigations of any difference in be¬ 
havior between aliphatic and aromatic substances which would indicate activity of 
such a nature. An alternative hypothesis (first suggested to us by Dr. J. M. Nelson) 
is that the carbon atom is potentially bexavalent, just as the oxygen atom is potentially 
quadrivalent. The addition process would thus be essentially similar in its nature to 
that investigated in this paper, the basic properties of carbon, however, probably 
being found much weaker than those of oxygen. It is hoped to investigate this point 
after the study of the different classes of oxonium compounds has been completed. 
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vtrfved urn suffocation aadnot addition, and that such a chance xxxdd 
happen twenty-six times without a single exception is a manifest impossi¬ 
bility, Furthermore, sulfonation takes place with splitting-off of water, 
and in no case (except those expressly mentioned above) was evolution 
erf water observed. The fact that complete solidification at constant tem¬ 
perature occurs at a maximum point is decisive proof that a pure sub¬ 
stance is under examination and it is very improbable 1 that this pure 
substance can be other than an addition product. 

Another'fact is extremely important in this connection. Sulfonation 
is, even at high temperatures, a slow reaction, while all products isolated 
in this paper are formed immediately. For instance, a basic substance 
such as aniline must be heated with sulfuric acid to 180-190° for four or 
five hours before-sulfonation is complete. 2 On the other hand, when p-cresol 
and sulfuric acid (in the molecular proportions of one to two) are warmed 
together to 35 0 to melt all p-cresol, and the mixture rapidly cooled in an 
ice-salt mixture, with vigorous stirring, complete solidification occurs 
at once . A white crystalline mass is produced, which melts at 93 5°, 
and is evidently a pure compound. The reaction is here, so far as can be 
judged, instantaneous , even at the low temperature employed. 

This is again in agreement with the theory that the reaction is an oxon- 
ium salt formation and ionic in its nature. 8 The basic organic substance, 
in accordance with its unsaturated nature, is the ionizing medium, and 
an addition compound (for example, equimolecular) is formed thus: 



+ H+ + HSOr 


> 


< 0 (S 0 |) 0 H 

. 

H 


The reaction represented in the above equation is to be regarded either 
as the first step in the sulfonation process, or as a parallel reaction consid¬ 
erably faster than the one leading to the more stable sulfonic adds. 4 In 
the former case the completion of the process involves a rearrangement 
of the molecule and the splitting off of water. Under the latter view, 
dissodation of the addition compound into the original constituents 
would take place before sulfonation. The reactions that occur would thus 
be comparable with those involved in the formation of acetamide by heat¬ 
ing ammonium acetate. 

The results of the investigation may be summarized in the statement 
that suffocation is preceded by the formation of addition compounds, 

1 If sulfonation bad taken place a sulfonic acid and water.would be p re s ent. 
Sulfonic acids decompose on fusion and have no definite melting points. The only 
possibility for a constant point of fusion, if we assume sulfonation, is that the sulfonic 
acid forms a very stable hydrate. 

2 Cohen, Practical Org. Chm„ 1904, p. 150. 

* Kendall, This Journal, 36, 124a (1914). 

4 For the suggestion of this second view we are indebted to Professor Stieglitz. 
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<rf the nature erf oxoaium salts. This reaction is ionic and instantaneous* 
The addition compounds obtained are possibly—but not necessarily— 
real intermediate products in the formation of sulfonic acids. 

It will be obvious that similar reactions, such as nitration, may be con¬ 
sidered to follow an exactly similar course. 

Nichols Laboratories of Inorganic Chemistry, 

Colombia University, New York City 
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SOME SALTS OF THE CHLOROACETIC ACIDS. 

By W G Bateman and A B Hoel i 

Received October 9, 1914 

While looking up constants in connection with the regular work in the 
•organic laboratory, we noted the paucity of information in the literature 
relating to the derivatives of the chlofoacetic acids. The work described 
in this paper was then undertaken to fill up some of the gaps encountered. 

CH 2 CLCOtNH4 .—The difficulty of obtaining neutral ammonium salts 
of organic acids from water solutions has many times been mentioned. 
In the case of chloroacetic acid this difficulty is increased by the fact 
that both ammonium hydroxide and carbonate increase in aqueous solu¬ 
tions the hydrolysis of the acid into glycollic acid and hydrogen chloride. 
It was decided, therefore, to prepare this salt by passing ammonia into an 
absolute alcohol solution of the acid. This method is the same as that 
employed by Keiser and McMaster 1 who prepared many neutral am¬ 
monium salts by this method, but whose papers did not come to our notice 
until this work was practically finished. 

Ammonia, made by heating the concentrated hydroxide and dried by 
passing through a high sodr lime tower, was passed into a solution 
•of monochloroacetie add in absolute alcohol. In a few minutes a heavy, 
white predpitate fell down which was filtered off, washed with alcohol, 
in which it was sparingly soluble and dried in a current of air. The product 
"was snow white and beautifully crystalline. It is readily soluble in 
'water, to which at first it imparts a neutral reaction, which, in a few minutes, 
'becomes add, due to hydrolysis. The salt is also soluble in methyl al¬ 
cohol, but insoluble in ether, benzene or chloroform. 

When heated in an open dish ammonium chloroacetate volatilizes 
completely without charring, and giving off dense fumes like those of 
ammonium chloride. 

The only mention we find of this salt is in Beilstein* who quotes Rival* 
as saying the salt is “unbestandig.” Our product seemed quite stable, 

,l Am. Chem J 49 * 84 (1913). This Journal 36, 742 (*9*4^ 

51 Betlstem, Ergdnnb I, 167. 

* Rival, Ann., 12, 504 





nockaag es being obaervtdi aft*r several months’ standing. It is not 
deliquescent* In a few samples a slight but unmistakable odor Klee that 
of impure acetamide was perceived. Chbroacetamide with its unknown 
odorous companion might here be formed in two ways: by a slight amount 
of chloroacetic ester being formed and reacting with the ammonia, or by 
a slight decomposition of the ammonium salt itself. 

Calc, for NH«CHiC 1 COi: N, 12.55; found (by Kjeldahl), 12.51. 

CChCOiNHi .—This salt was prepared like the above, by passing dry 
ammonia into an absolute alcohol solution of trichloroacetic add. No* 
preripitate was formed; the solution gave out so much heat that it was. 
cooled in ice water. After parsing the gas for some minutes, the solution 
became very viscous. The addition of ether gave no predpitate, but 
after standing some days a skim of crystals collected on the top. The 
alcohol evaporated away very slowly, suggesting the possibility of some 
combination involving it. At the same time the solution gave off a most 
agreeable odor which was found to be due to trichloroacetic ester. Upon 
gentle heating the alcohol was given off slowly, leaving behind a thick, 
odorless syrup. When this was stirred and briskly beaten it solidified 
into a mass of slightly moist white crystals, which were dried in a desic¬ 
cator. The product gave a neutral reaction to water solutions, which 
quickly became strongly add. It was soluble in alcohol, ether and ethyl 
acetate. Careful heating in an open dish caused complete volatilization* 
without charring, in white fumes having the odor of the add. Upon 
stronger heating the compound decomposes, gives off ammonium chloride, 
irritating vapors of carbonyl chloride and, in addition, carbon monoxide. 
No mention of this salt was found, but Rival 1 describes the dihydrate and 
several add compounds. 

Calc, for NH«CCliC(V. N, 7*75; found (by Kjddahl), 7.63. 

Cu{CH£lCOi)%.4HiP .—This compound was formed by adding a slight 
excess of copper carbonate to a water and alcohol solution of chloroacetic 
add. After filtering, the deep blue solution was set aside to crystallize- 
Beautiful, deep green crystals formed, less dark in hue than those of 
copper acetate. These are soluble in strong alcohol, forming a bright 
green solution. 

Calc, for Cu(CHiC1C0i)s4H|0 Cu, -; found, 19.71, 19.84; 02261 g. heated at 

102—105 0 for some hours lost 0.0495 g.; water calculated for above, 22 30%; found, 
21.91%. , 

Cu(CHiPlCOi)t was prepared by dehydrating the tetrahydrate, the 
product being a bright blue-green powder. This dissolves in absolute 
alcohol, not so readily as the hydrate, giving a greenish blue solution. 
The anhydrous salt is also less soluble in water, with which it forms a 
slight, white predpitate, probably a basic salt. Some of this compound 
1 Lac. tit. 
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ms dissolved ia alcohol and dry ammonia passed m. * la addition to Some 
of the white ammonium salt, a considerable amount of a deep btoeerystial-' 
line substance was formed. This was judged to be Cu(NHa)4(CH*ClCO*)* 
by its resemblance to analogous compounds, but the sample was lost 
during analysis. 

Calc, for Cu(CH a Cl.COj)i: Cu, 25.37, found, 2546, 

In an attempt to prepare an addition product of copper chloroacetate 
and phenylhydrazine, the two were brought together in alcohol. A 
very vigorous reaction occurred in the cold. Cuprous oxide was pre¬ 
cipitated and nitrogen evolved in large quantities. At the same time, 
a substance having a most agreeable spicy odor was formed. Copper 
acetate is reduced in hot solutions by hydrazines in a similar fashion, 1 
but the halogen substituted salt is much more energetic. We hope to 
investigate this reaction further. 

Zn{CHiClC 0 i)i. 2 H £).—Prepared in the same way as the preceding. 
This compound formed in fan shaped clusters of large almost transparent 
crystals. These were very deliquescent, being wet after standing over 
concentrated sulfuric acid. During this drying the crystals changed 
form and appearance, becoming smaller and white. Analysis of the 
higher hydrate were unsatisfactory, but indicated the tetrahydrate. 

Calc for Zn(CHaClC0 5 )j.2H 2 0- Zn, 22 66; found, 23 

Pb{CH 2 PlC 0 2 ) 2 .—Prepared by heating together equivalent quantities 
of pure litharge and the acid in water solution. Upon cooling the solution 
the salt crystallized out in fine, white, prismatic plates. Both salt and 
solutions have a sweet taste. The salt is sparingly soluble in cold water, 
much more soluble in hot. 

Calc . Pb, 52.53, found, 52.73. 

Mn{CH£lCO%) 2 CH 2 ClCO‘J: 1 . 4 l{? 0 ,—When water solutions of mono- 
chloroacetic acid were treated with manganese carbonate, it was found 
impossible to neutralize the solution. Even when cold some black, 
hydrated manganese dioxide always formed, the quantity of which was 
increased by heating. Both hot and cold solutions after filtering and evap¬ 
orating gave crops of transparent crystals having no, trace of color. Upon 
drying these became pure white and microcrystalline. Solutions of this 
were rather strongly acid, and even the moist salt had an add odor. 

Calc.: Mn, 1346; found, 13.51. 

Slightly soluble in cold alcohol and ether. Soluble in acetic ester. 

Mn(CHtPlCOt)£HiClCOtH.2H1O .—When the tetrahydrate was heated 
for some time below 105 0 it readily lost two molecule jfii water, became 
somewhat more bulky and rather fluffy' in appearagg£t A very little 
^afel, Bcr. t *5, 413 (189a); Gatterman, Johnson and ffclslt , Ibid., as, 1075 
<r«9J0- 
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off dutiog tfeeheatiagaad the faintest tinge,of pink color 

wte noted . » 

Cak.: HA 6.81; Mn» 15.$* J found, 8.03, 15,3a. 

Warn the dihydrate or tetrahydrate were heated much above 105* 
water was given off very slowly, but the amount of acid volatilized was 
much increased. The residue acquired the familiar pink color of normal 
manganous salts. Neither the anhydrous add nor the normal salt could 
be secured in this way, since decomposition occurred on stronger heating; 
with the darkening of the residue due to the formation of manganese* 
dioxide. 

When the add tetrahydrate is dissolved in hot alcohol, there is pre- 
dpitated, upon cooling, a very bulky white crystalline mass, which is 
freed from the solvent with considerable difficulty. As the alcohol evap¬ 
orates away the compound shrinks in bulk, and has the same appearance 
when dry as the hydrate described above, looking much like purified 
cellulose. Analysis showed it to be the same compound. 

Calc.: Mn, 15.51; found, 15.17. 

The compound lost water and add by prolonged drying or gentle heating. 

Ni{CH 2 C/CO a )i .3H2O .—Obtained by treating water solutions of the 
add with nickel carbonate. The deep green solutions upon evaporation 
gave only thick, green syrups, which did not crystallize upon seeding 
with a crystal of nickel acetate, or by treating with alcohol or ether. 
Finally, heated on the water bath, both solutions became very viscous* 
and, after standing some time in a desiccator, gave apple-green crystals. 

Calc.*: Ni, 19.61; found, 19.37. 

CtHb.NHNHt(CHiClC0tH)2 .—Formed by bringing together the proper- 
quantities of phenylhydrazine and add in absolute alcohol. The com¬ 
pound formed in heavy, white, needle-like crystals, which were filtered,, 
washed with alcohol and dried. They had a faint odor of the hydrazine, 
which increased on standing showing the salt to be unstable. Soluble in 
water. 

Calc.: N, 9.43; found, 9.50. 

In the same way finely crystalline salts of this add with aniline and 
p-toluidine were obtained, but not with methyl and ethyl substituted 
aniline, diphenylamine or salts of hydroxylamine. When methylbenzy! 
aniline was treated with chloroacetic add, benzaldehyde was formed. 

CO(NHi)tCHtClCOtH.CtHiOH . —Equivalent quantities of pure urea 
and monochloroacetic add were brought together in absolute alcohol. 
Upon evaporation very large, leafy, transparent crystals were formed 
having a high luster. These upon standing constantly smelled of alcohol, 
which was given off until the crystals fell into a fine, white crystalline 
powder, evidently the anhydrous salt. Both crystals and powder are 
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very soluble in water, which, however, hydrolyses the combination to 
some extent, since urea crystals form before the salt itself separates out. 

Calc.: N, 13.67; found, 13.60. 

Basic Iron and Chromium Compounds .—No definite compounds were 
obtained by treating ferric and chromic hydroxides with water solutions 
of chloroacetic add. The normal ferric salt appears to hydrolyze very 
easily, since even in cold solutions the iron is practically all removed by 
predpitating as a mixture of the basic salts. A solution containing the 
chromic salt was strongly dichromatic, green and purple; upon evaporation 
crystals of pure monochloroacetic acid were deposited. Later a pale 
green crystalline substance separated out and appeared to be ,a hydrate 
of Cr(CH2ClCO)*OH mixed with a small amount of some salt more basic. 

All of these salts, when treated in solution with silver nitrate, in no case 
gave more than a very slight opalescence. 

None of the above salts are found mentioned in available literature. 

A number of other compounds have been prepared and work is in prog¬ 
ress upon still others. 

Mibsoula, Mont 

[Contribution from the Essential Oils Laboratory, Bureau of Chemistry, 

U S. Department of Agriculture.] 

THE RESOLUTION OF ASCARIDOLIC ACID. 

By E. K. Nelson 
Received October 13, 1914 

Ascaridolic acid, 1 possessing the structure of a 1,4-dneolic add, should, 
like ordinary d + l dneolic add, be a racemic compound. 

Attempts to effect its resolution by means of its brucine or strychnine 
salt resulted in failure. With the cinchonidine salt, however, little diffi¬ 
culty was experienced. 

Twenty grams of ascaridolic add were dissolved in 2500 cc. of hot water 
and 27 g. of powdered rinchouidine were gradually added while boiling 
and stirring. On cooling, a salt separated fn the form of fine, silky needles, 
which, filtered, washed with a little water and dried, weighed 19 g., cor¬ 
responding to 8 g. of the original add. Ttie mother liquors and washings 
were concentrated at a low temperature (not over 40 °) and the salt sep¬ 
arated was fractionally crystallized until it was fairly free from the diffi¬ 
cultly soluble salt. 

The dnchonidine salt of the add was thus separated into a slightly 
soluble and a readily soluble salt. These salts, dissolved in warm water 
and decomposed with an excess of dilute hydrochloric add, yielded the 
corresponding adds, both of which, after purifying by repeated crystalliza¬ 
tion, were obtained in well formed prisms. 

1 E. K. Nelson, This Journal, 33, 1410 (19”)* 35 » 8 9 (* 9 * 3 ). 
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2*0431 g, made up to 25 cc, solution in chloroform at 24° in 200 mm. 
tube «* 2.25 0 to the left 
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OPTICAL ROTATORY POWER AND CHEMICAL CONSTITUTION. 

By L. G. We mom. 

Received October 19, 1914. 

Pickard and Kenyon, in a series of valuable investigations on the “De¬ 
pendence of Rotatory Power on Chemical Constitution/’ 1 have determined 
the molecular rotatory power of over ioo closely related compounds. 
The list includes methyl ethyl carbinol and its homologs up to the ethyl 
tridecyl member, isopropyl methyl carbinol and its homologs up to the 
isopropyl decyl member, and the esters of the methyl carbinol series with 
the homologous n-aliphatic adds from acetic up to dodecoic, myristic, 
palmitic and stearic adds. 

From these experimental results, which are to be made the basis of the 
present paper, Pickard and Kenyon derive an hypothesis 2 which is “based 
merely on a consideration of the space occupied by the four groups at¬ 
tached to the asymmetric carbon atom” and “appears to explain the re¬ 
sults obtained for the three series of carbinols, as well as those obtained 
for eight series of simple esters derived from the ‘methyl’ series of car¬ 
binols/* 

“In a homologous series of optically active compounds presented by 
Cabcd , the usual effect of increasing the size of d (reprinting the grow¬ 
ing chain) is to alter in a regular manner (usually to <$faease) the molecu¬ 
lar rotary power of the compounds.” 

“When the groups (or atoms) represented by a, b, and c occupy a rela¬ 
tively small space, as, fear example, in the ‘methyl’ series of carbinols, 
CH*.CH(OH).R, the values of the molecular rotary powers of the homo¬ 
geneous compounds increase regularly with the increasing size of the chain, 
and only in solution are affected by the peculiar configuration of the chain, 
when this returns upon itself.” 

“When, however, the space occupied by the groups (or atoms) a, b 

1 Part I, /, Ckem. Soc., 99* 45 (1911); Part II, Ibid., ioi, 620 (1912), Part III, 
Ibid,, tor, 1427 (i9P); Part IV, Ibid., 103,1923 (19x3); Part V, Ibid., 105, 830 (19x4); 
aba, Ber., 45, 1892 (1912); Chm. Newt, 108, 163 (19*3); and Trans. Faraday Sec., 
*9X4 (C. A ., 8, 2339)- 

1 Part IV, J. Chm. Soc., 103* 1930 (1913). 
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and c is larger, the increase in molecular rotatory power may become 
less regular as d increases in size; either (i) it may be specially affected, 
when the chain returns on itself, as in the 'ethyl' series, CtH 5 .CH(OH),R, 
or (2) there may be a relatively large increase until d contains five carbon 
atoms with an increase of a much smaller order beyond; as, for example, 
in a series of esters, such as those of secondary octyl alcohol with normal 
aliphatic acids, in which there is a large increase in the value of the molecu¬ 
lar rotatory power for each member of the series up to the normal valerate, 
and a still further, but relatively much smaller, increase for each member 
from the valerate to the palmitate; or (3) when the space occupied by the 
groups a, b and c is still greater, an ‘approximate maximum’ is reached 
when the growing chain contains fewer than five carbon atoms; as, for 
example, for the carbinols of the isopropyl series, CH(CH 8 )2.CH(OH).R 
(when these are examined in the homogeneous state), and in a series of 
n-dodecoates of the ‘methyl’ carbinols, R.CH(OCO.CuH*a).CH s , in both 
of which the values of the molecular rotatory power increases rapidly 
up to that for the member with R containing four carbon atoms with a 
much smaller increment for the higher members." 

In brief, the differences between the curves for the various series Are 
ascribed by Pickard and Kenyon to the differences in the amount of space 
occupied by the atoms or groups other than the growing chain, as well 
as that occupied by the growing chain itself. 

P. F. Frankland, to whom so much is due in the field of optical activity, 
expressed an opinion very similar to the above in 1912. 1 

“It might at first sight be supposed," says Frankland, “that if such 
steric interference (in compounds with a chain of 5 carbon atoms attached 
to the asymmetric one 2 ) were the cause of this limitation (in the increase 
or decrease of the molecular iutatory power), the maximum or constant 
molecular rotation should always occur at the same term in all homol¬ 
ogous series. This, however, is not found to be the case, and it would 
appear probable that the term at which,such interference occurs will de¬ 
pend, not only on the length of what may be called the homologous chain 
itself, but also on the other groups, which are present in the molecule r 
and which may themselves interfere with the normal development of the 
homologous chain. * * * More recently, Pickard and Kehyon 

have prepared a similar homologous series from isopropyl carbinol, And 
in this it might be anticipated that the isopropyl group should give rise 
to more interference than the methyl group in the previous series." 

The writer believes that these phenomena, explained by Pickard and 
1 Presidential address, J. Chm. Soc. t xoi, 654 (1912). 

* Frankland early recognised the special influence of carbon chains with 5 (or 6) 
and 9 (or 10) carbon atoms in phenomena of optical activity. See J. Chem. Soc. t 
368 (1899). 
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Kefiytxfi and by Ffaaktaid on the basis of the space occupied by the groups 
attached to the asymmetric atom and their interfering influence upon 
each other, should rather be ascribed to another factor, namely, the at¬ 
tractive forces exerted by the groups upon the asymmetric atom. 1 * * 

If these tables and curves, compiled from Pickard and Kenyon's expen- 
mental work, be examined, the following significant facts will be ob¬ 
served 

i The molecular rotation of the senes of ethyl carbmols (Table I and 
Fig i) has a smaller value throughout than has that of the methyl senes, 
while both the methyl and ethyl senes have smaller values than the iso¬ 
propyl series 

Tabus I —Molecular Rotatory Powers op the Normal Secondary Alcohols * 


in the homogeneous state Dissolved In ethyl alcohol * 


l*Y$ 

Methyl» 

Ethyl 4 

Isopropyl 

* Methjl 

Ethyl 

Isopropyl 

Methyl 

o° 

XO 30° 

4 3 ° 

o° 

10 77® 

4 70 * 

Ethyl 

10 3 

0 

15 4 

10 77 

O 

16 73 

w-Propyl 

12 1 

2 OX 

24 7 

13 60 

1 17 

27 07 

w-Butyl 

XX 8 

9 43 

33 3 

12 95 

11 17 

35 97 

n-Amyl 

12 0 

10 69 

32 9 

13 28 

14 47 

38 24 

tt-Hexyl 

12 7 

10 63 

33 9 

12 73 

13 86 

38 36 

n-Heptyl 

12 9 

10 58 


13 10 

9 81 


w-Octyl 

13 7 

xo 74 

34 5 

14 04 

10 69 

39 99 

n-Nonyl 

14 0 

xx 09 


13 95 

II 35 


«-Decyl 

14 5 

12 44 

34 5 

14 76 

13 46 

39 38 

w-Undecyl 

14 4 

12 56 


14 74 

13 38 


w-Dodecyl 


12 6l 



12 44 


i»-Tndecyl 


12 38 



12 75 


u-Pentadecyl 


12 88 



12 99 



1 The attention of the writer has been recently called to a significant sentence by 
Michael, Bar , 34, 3647 (1901), T prakt Chan , [2] 75, 117 (1907), in which he states 
that carbon asymmetry is to be considered the result of the chemical-mecha n ical in¬ 
fluence or tension of four unequal forces on an atom, rather than a purely chemical 
effect 

Doubtless the idea that optical activity may be due to differences of forces of 
attraction for the asymmetric atom has also occurred to others 

A little different are the theories of Baly and Wrnther 

Baly, Z Electrochan , 17, 2x1 (19x1), believes that optical activity is due to the 
asymmetric field caused by the merging of the lines of force from the residual affinities 
of the groups about the asymmetric atom 

Wmther, Z phystk Chan , 60, 590 641 756 (1907), claims that every change in 
the optical rotation of a substance is connected as effect to cause with a volume change, 
and every volume change, ^ie entirely and soldy*Jfa|ka pressure change (internal or 
external) is accompanied by a proportional change SRhe optical rotation 

* In Figs 1 and 2 which represent the table, the curves have been drawn to show 
only the variations common to Both the homogeneous and dissolved states 

1 Pickard and fcenyon, J Chan Soc , 99, 49 (1911) 

4 Ibtd , 103,1935 (»9i3) 

* Ibtd to x, 624 (19x2) 

* Ibtd 103, 1957-8 (1913) 
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Tam II. —Molecular Rotatory Powers or tbs Bstsrs o* the Methyl 

Carbinols 1 

of the eeter of 



Me ethyl 
carbmof 

Me propyl 
carbinol 

Me butyl 
carbinol 

Me amyl 
carbinol 

* Me hexyl 
carbinol 

Me nonyi 
carbinol 

Acetate 

29 7O 0 

22 30° 

14 59 ° 

13 OO 0 

II 77 ° 

11 28 ° 

Propionate 

31 OO 

23 66 

15 43 

14 40 

13 99 

11 75 

Butyrate 

31 63 

24 92 

18 62 

18 91 

17 90 

17 68 

Valerate 

32 74 

27 54 

20 75 

20 52 

19 60 

19 09 

Hexoate 

32 10 


21 68 

21 34 

20 42 

19 9 * 

Heptoate 

3 2 31 


22 17 

21 72 

20 78 

20 37 

Octoate 

32 28 



21 95 

21 12 


Nonoate 

32 17 


22 69 

22 26 

21 50 

21 25. 

Undecoate 

32 48 


22 55 

22 59 

21 91 

21 43 

Dodecoate 

32 48 

28 19 

22 68 

22 58 

21 84 

21 91 

Mynstate 

32 21 


2^ 16 

22 52 

22 40 

21 87 

Palmitate 

31 99 



23 IO 

22 57 


Stearate 

31 92 



2^ 15 

22 6l 




1 Pickard and Kenyon, J Chem Soc , 105, 831 (19*4) 










*. In the ethyl series of ^binob thereat* fotmd exactions fa the «atrve 
at the point* at which the growing chain contains 5 or 10 carbon atoms, 
and is therefore of the most favorable length to return upon itself toward 
the asymmetric atom. This exaltation for the ethyl carbinols is much 
more pronounced when the rotatory power is measured upon the solu¬ 
tion of the carbinols (Fig. 2), and solution has been found in general to 
bring out and magnify such effects. 1 



In the methyl series such an exaltation cannot be detected at the points 
5 and 9, or io, until the carbinols are dissolved, while in the isopropyl 
series even solution is not sufficient to bring out a corresponding exaltation* 
3. In the curves of the esters (Table II and Fig. 3), if the acid is kept 
constant in each curve and the alkyl radical gradually increases, an exalta¬ 
tion is fotmd when the alkyl group contains 5 carbon atoms. 

In the corresponding curves in which the alkyl radical is kept constant 
* Prankland, J. Chem . Soc., xoi, 660 (19x3); Pickard and Kenyon, xo$, 

1938 (1913). 
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in each curve and the length of the acid chain gradually increases (Table 
II and Fig 4), an exaltation is'found when the add contains 4 and 5 car* 
bon atoms. 

4. In all of these series of curves, the exaltations become, in general, 
less marked as the value of the molecular rotatory power increases 



Carbon jlbms in chain of By 


Accor din g to the hypothesis supported in this paper these regularities 
are to be accounted for by the following considerations: 

1. The alkyl radicals in general, as is shown by their chemical behavior (». 
g., dissociation constants oi the aliphatic adds) in a number of various 
types of compounds, experience a much sharper transition in properties 
as one passes from the methyl to ethyl than from the ethyl to propyl 
group, likewise a greater transition occurs from ethyl to propyl than from 


propyl to butyl, and so on. ^ 

One erf the properties, which thus changes, is the positivity of the alkyl 
radical 1 toward such a group as for example—CRHOH of the optic ally 

' 1 Midiafcl, J. prakt. Chem., (2] 60, 286 and 409 (*«»); Cber e,H J*‘ 

4m» Anwendun* in der orzanischen Ckemie. See especially p. 43* this connection. 
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active compounds which we ere considering. Tht methyl group wifi 
exert upon the central carbon atom of this group an attractive force which 
will differ more from that of an ethyl group than would an ethyl and iso¬ 
propyl group when compared in the same way. Propyl and butyl like¬ 
wise differ, but to a less extent than do ethyl and propyl. As the alkyl 
radical increases in length, the differences between the relative positivity 
of the successive homologs decreases. Similarly, between a normal 
alkyl radical such as propyl and a branched one as isopropyl, a still greater 
difference of attractive force would be expected. 1 



We have then in the ethyl series from ethyl roapyl carbinol on, two alkyl 
groups united to the asymmetric atom, whiriMmer less in the respective 
forces with which th*y<attract that rtdfrthan do the corresponding 
groups in the methyl Ktrbinol series, Jw optical rotatory power of the 
'ethyl carbinol seri^. therefore, smnfigt than that of the mpthyl series. 

In the iaofkopyt tatties this differenwis still greater than® the methyl 
carbinola (». g., isopropyl and ethyi^Aopropyl and propyt'Jeip.), and we 
find that the rotatory power is cm^Rpondingly much laijfrff than in the 
two preceding .aeries. > .'.jA , 

a. In diseasing the attractive forces, the attractions* * group as a 
whole should hg considered rather than that represen te<iisytl#i|yu#cular 

1 Mfchad. fisc, tit., p. 43a. 
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Atom which happens to be adjacent to the asymmetric one. Thus aH of 
the atoms perform their share to a degree which depends upon their posi* 
tion in the molecule. 1 This effect may be exerted through other atoms 
♦or througb^epace, the combined influence in alkyl radicals decreasing 
in the order*h^3~5~6--4-7-(9--ia~ii)-8. 

The atoms 5 and 6 owe their unexpectedly great influence to the fact 
that they occupy a position in which they are able to approach compara¬ 
tively near atom 1 as the growing chain in its natural configuration re¬ 
turns upon itself. This sudden increase of attractive force is necessarily 
small in comparison with the total force exerted by the group for the 
Asymmetric atom, yet if two of the groups are nearly equal tfiis change 
may be quite Appreciable in comparison with the already existing differ¬ 
ence, and, as in the ethyl series, quite an appreciable exaltation in the rota¬ 
tory power may be observed at this point. 

In the methyl series, where the difference between the attractive forces 
•of the two alkyl groups is greater, the sudden increase due to the close 
Approach of atom 5 to the asymmetric atom is much smaller in compari¬ 
son with the already existing difference. The effect of this secondary 
influence on the optical activity is therefore so small that it is observable 
only when the carbinols are in a dissolved condition. 

The difference between the alkyl groups is already so great in the ko- 
propyl series that no appreciable effect is produced on their relative 
values by the return of the alkyl chain upon itself, and, as would be ex¬ 
pected, no exaltation can be observed at this point in the case of the 
isopropyl series, even if the measurements ate made upon the dissolved 
substance. 

3. Similar considerations are applicable in the case of the esters of 
the carbinol. The return of the chain upon itself produces an additional 
Attraction of the whole group for the asymmetric atom, and, therefore, a 
point of inflection in the rate of change of the optical activity. 

If, as in Fig. 3, the normal aikyl group united to the asymmetric atom 
is gradually increased in size, an exaltation is found at the point corre¬ 
sponding to a chain of five carbon atoms, whereas, if the acyl group is 
similarly lengthened, an exaltation is found when the total chain united 
to the asymmetric atom consists of one oxygen and four or five carbon 

4. If optical activity is dependent, as claimed, upon differences in the 
Attractive forces exerted by the atoms or groups for the asymmetric 
Atom, the smaller the difference between two of the groups, other differ¬ 
ences being constant or practically so, the smaller will be the optical 

1 Michael, Loc. cit„ pp. 331 and 335. This Journal, 34, «49 The 

literature contains many investigations which demonstrate the marked influence of the 
position of substituents on optical activity. See, e. f , Rupe, Ann,, 369, 31 x (ipbp). 



rotatory power. Thao, the smaller the totatomy power, the greater wo«M 
be the expected efifeqt upon this by a given small change in the difference 
between the attractive forces of these two almost equal groups. The* 
observed facts indicate it to be a general rule that as the molecular rota¬ 
tory power decreases in a group of curves the exaltation^ other uni¬ 
form deviations become increasingly large. 

Product of Asymmetry. 

The data at hand are not sufficient to indicate whether or not the molecu¬ 
lar rotatory power is a function of the product obtained by multiplying 
together the differences between the attractive forces exerted by the four 
atoms or groups upon the asymmetric atom; that is, 

F (A-B) (A-C) (A-D) (B-C) (B-D) (C-D) 

As each atom or group affects the character (positivity) of the asymmetric* 
atom* it is likely that a given atom or group would possess no constant 
value, in this relation even when very similar compounds are compared. 
It is therefore not at all surprising that repeated attempts to derive con¬ 
stants for the various radicals and atoms have not met with success. 1 

Effect of Mass on Optical Activity. 

That the mass of an atom or a group united to the asymmetric atom may* 
be^bf some significance in determining its effect upon the optical activity 
of the molecule is not excluded by the theory of attractive forces. At 
the best, however, the effect of mass seems to be only auxiliary to the 
larger one of relative attractions. Examples of this are familiar in the 
literature of optical activity. 

A possible mode may be suggested here by which the asymmetry of 
the attractive forces exerted upon an asymmetric atom may be con¬ 
ceived to be connected with its effect upon the plane of polarization tif 
light. 

If, in a symmetrical molecule of the type Ma abc a, plane were passed 
through atoms M, b and c t the atoihs a and a would be symmetrically 
situated with respect to the plane Mb c. The atoms in a mdlecule, in 
their oscillations toward and away from each other must ta&be in path* 
which express the resultant of all the forces Which are exited upon them. 
Therefore, in a molecule of the type M a abc, one can be certain that tfcfle 
path described by M will either lie in the plane Mbt, or, if it does not do* 
> this, it will, as a and a are alike, He on the average or the same extent 

1 Compare this product with a, the product based on asymmetry of mass; Crup* 
Brown, Troc, Roc, Soc. Edinb 17,181 (1890); Ph. Guye, Compt. rend,, txo, 7x4 (1890); 
A the product baaed on empirical constants for various atoms and radicals; Bole and 
WlUers, Z. pkysik. Gum., 65* 69s and 70a (1909); Walker, J. Pkyt. Ckem,, fj, |$*> 
(1009). * > 
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OB one side of tfak plane in one half of the total number of molecuka as 
it does' on the other side of the other half. 

In an asymmetric molecule, however, represented by M abed , the path 
of M would not be expected to average the same in one 
direction in dne-half of the total number of molecules as 
it does in the other direction in the other half, unless an 
equal number of the stereo-chemically opposite molecules 
M bacd be present with the molecules Mabcd. 

To the m|an asymmetric path taken by the asymmet¬ 
ric atom (carrying an electric or magnetic field ) 1 is as¬ 
cribed the optical rotatory power of the asymmetric mole¬ 
cule. Any influence which increases the effective asym¬ 
metry of this orbit will, according to this hypothesis, increase the ob¬ 
served molecular rotatory power of the substance. 

A theory which attempts to point out the cause of the phenomenon of 
optical activity must fulfill at least this important condition—it must ac¬ 
count for an asymmetry such that polarized light passing through the 
molecules of an active substance in one direction is affected to a greater 
degree than in the other. The postulate just described of the asymmetric- 
ally moving atom answers this requirement in the following way: 

het the motion of the asymmetric atom be simplified at any given in¬ 
stant, and during the time required for the passage of a light wave through 
the space under its influence, to the form of a portion of a helix, the whole 
helix, of which this is a portion, representing not the actual path of the 
atom, but rather a basis on which the portion may be considered in com* 
parison with the asymmetric atoms of, the other molecules . 2 

Consider an active substance which has been completely resolved into 
its optically opposite components, .ind which, therefore, contains only those 
molecules possessing one of the two possible optical configurations. 
At any instant, the asymmetric atom, M, is moving in one-half the total 
number of molecules in one general direction, e. g., toward atom d, with 
a motion whose resultant toward d will require a mean of s turns and time t 
for completion. In the other half, the motion of M in the same instant 
is away from atom d, and is represented by turns s' and time t'. Of 
the first, one-half of the molecules will face in one general direction and 
the general direction of the propagation of the light will coincide with that 

1 See especially, in this connection, P. de Heen, Bull. Acad. ray. Belgique, Classe 
des Sciences, 1913, p. 680; Chem. Zentr., 19x4,1, 399. 

* The whole motion of the asymmetric atom may, perhaps, according to this con¬ 
ception, be described as following a curved orbit with a simultaneous forward motion, 
the axis of the orbit at the same time turning eventually toward every conceivable 
•direction. The familiar wound ball of twine furnishes a homely illustration of this 
path. The harmonic motions finally run their course, the atom arrives again at its 
starting point, and is ready to repeat its complex revolution. 
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of the motion of M. In the other htfif of this group, the light and atom 
wi11 he moving in opposite directions, and, as the light must occupy a 
finite time in its passage through the field of influence of M, the effect of 
AT on the light will be greater in those molecules in which the two direc¬ 
tions coincide than can be compensated for by the equal number of mole¬ 
cules facing in the opposite direction in which the light and the atom 
approach each other and pass, but do not move together. Thus, for the 
molecules in which M is in motion toward d, there will be a resultant un¬ 
compensated effect upon the light. 4 

The same holds true in a similar way for the molecules in which M is 
in motion away from d, but the effect which is caused by an atomic 
motion represented by s' turns and time t' will be different in amount 
from that caused by the first group. Thus a net rotation will be ob¬ 
served upon the emergent light. 1 

Conclusion. 

The hypothesis here presented was worked out by the author in 1912. 
At that time no mention could be found that such an hypothesis had 
ever been suggested to account for the phenomena of optical activity, 
or, in fact, since, has one been found in the literature devoted to optical 
activity. The recent experimental results of Pickard and Kenyon, form¬ 
ing as they do, such a complete series of comparable data, have been 
used in the preceding paper to the exclusion of other and less conclusive 
results upon which previous deductions had rested. These offer for the 
first time an indication of the validity of the hypothesis that the phenomena 
of optical activity depend primarily upon an asymmetry of the attractive 
Forces exerted upon an asymmetric atom by its four adjacent atoms or 
groups. . 

C&mbkhx>*. Mam. * v 1 ' % 

(Contribution vkom the Kentucky Agricultural Experiment Station. ] 

THE OCCURRENCE AND SIGNIFICANCE OF MANGANESE IN 
THE SEED COAT OF VARIOUS SEEDS. 

By J. S McHarque. 

Received October 8, 1914. 

It has been observed by investigators that the different organs of 
some plants show considerable variation in the amount of manganese 
they contaih. According to the researches of Jadin and Astruc,* the 

1 The possibility of the existence of optically active individual symmetrical mole- 
Odes Is suggested by the above, according to which a symmetrical and an unsym- 
pwtricml molecule may differ only in that the former produces an effect on the tight 
which is compensated for by other molecules while the latter produces an upcompen- 
gated effect. 

1 Jadin and Astruc, Compt. rend., 156, 2033 (1913). 
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aerisl portions of plants contain more mang o nel th^n the subterranean. 
Pichard 1 also states that the seeds of plants are quite rich in this element. 

While making some investigations on the occurrence of barium in 
plants,* in the spnng of 1913, the writer observed that the ash of hazel¬ 
nut shells emitted a distinct odor of chlorine upon the addition of hydro¬ 
chloric acid, thus indicating the presence of manganese m the ash. This 
observation suggested an investigation on the amount of manganese 
m plants m general, and, in particular, as to the occurrence of this ele- 

Table I 

Per cent of Mn In the 

Name of material material dned at 100* 


Brown hulls of apple seed 

Trace 

Seed coats 

0 0165 

Kernels of apple seed after removing the skin 

Trace 

Brown hard shell of peach seed 

0 0005 

Brown skin off kernels 

0 0110 

Kernels of peach seed after removing skm 

0 0019 

Chestnut hulls 

0 0106 

Chestnut kernels after removing skm 

0 0042 

Horsechestnut brown hulls, including inner coats 

0 0022 

Kernel of horsechestnut 

Trace 

Walnut, outside or soft hull 

0 0015 

Walnut hard shells 

c yoo6 

Walnut skin off kernels 

0 0100 

Walnut, kernels, after removing skin 

0 0033 

Acorns 


Burr oak, outside shells 

0 0088 

Burr oak, brown skm covenng kernels 

0 0110 

Burr oak, kernels, after skin was removed 

0 0015 

Cottonseed hulls 

0 0026 

Cottonseed meats 

0 0018 

Brazil nuts, hulls 

0 0018 

Brazil nuts, brown skm 

0 0145 

Brazil nuts meats without the skm 

0 0011 

Almond, outer shell 

Trace 

Brown skm covenng kernels 

0 0044 

Kernels, without skin 

0 0009 

Cocoanut, hard hull 

Trace 

Cocoanut, brown skm covenng meat 

0 0048 

Cocoanut, meat, without the skin 

0 0022 

Cocoanut, milk 

0 0002 

Butter beans, skins off cotyledons 

0 0037 

Butter beans, cotyledons, without skm 

0 001$ 

Wheat bran 

<\ 0194 

Wheat flour 

0 0055 

Com bran 

0 0011 

Corn meal 

0 0001 

Onion 

Trace 


« p Pichard, Ibtd , ia6, 1882 (1898) 
* Tan Journal, 35.826 (1913) 



xnent in tile different parts* of various nuts and seeds. Qualitative tests 
Showed that manganese could be readily detected in the different parts 
of deeds, and closer examinations revealed the fact that certain coats 
surrounding the kernel contain very notable amounts of this element. 
Therefore, a number of analyses have been made for the purpose of show¬ 
ing the amount of manganese present in the different parts of the seeds 
of various plants. The results are given in Table I and indicate the per¬ 
centage of the element manganese in the dry material. 

The results in the table show considerable variations in the amount 
of manganese contained in the different parts of seeds of the same plants. 
It is to be observed that the seed coat immediately surrounding the ker¬ 
nel or cotyledons of seeds contains a considerably larger proportion of 
manganese than either the kernel or the outer epidermal coats. This 
concentration is especially noteworthy in the apple, peach, black walnut, 
acorn, Brazil nut, chestnut, almond and wheat bran. Wherever it was 
possible to dissect this thin membrane, usually brown in color, from the 
cotyledons to which it is attached, in sufficient amount for analysis, it 
invariably showed a higher concentration of manganese than any of the 
other parts of the seeds tested. 

The chief interest in this connection lies in a plausible explanation of 
F the function erf the manganese at this particular point. The occurrence 
of manganese in this connection appears to be indicative of important 
biological relations, rather than a mere accumulation of either waste 
material or plant food. 

In 1895, De Ray-Pailhade 1 observed the presence of laccase, an oxi¬ 
dase, in the seeds of a rather large number of different plants. In 1897, 
Bertrand* pointed out that laccase, an oxidase, obtained from the juice 
of alfalfa (Medicago satim) contained considerable quantities of mangan- 
and has subsequently shown that small amounts of the salts of this 
element stimulated the oxygen-carrying power of the oxidizing enzymes 
and, therefore, concludes that this element has important biological 
functions in plant metabolism. 

Since manganese has been shown to occur in unequal proportions in 
the different parts of plants and seeds of those plants, experiments were 
planned with the hope that some parallelism could be established with 
respect to the manganese content and the presence of oxidases in the 
different pajts of the plants under investigation. In these experiments 
parts of raw plants were prepared and tested for the presence of oxidases 
by grinding a 1 g. portion with 10 cc. of distilled water, filtering through 
a dry filter into a clean test tube, without washing, and adding 2 cc. of a 
guaiacum solution. The color that developed was noted as “strong/' 
1 J. De Ray-Pailhade, Compt rend xax, xz6a (1895). 

* 0 Bertrand, Ibid., 134,1355 (1897)* 
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“moderate,” “trace*,” and “none.” The remaining portions of the 
same plant were then dried, ashed, and the manganese determined. The 
results obtained in a number of plants are given in Table II. 


Table II 


Material 

Per cent of Mn 
in the substance 
dried at 100® 

Guaiacum test 
for oxidases 

Irish potato peelings 

o 0400 

Strong test 

Cubes cut from the center of the potato 

O OOO9 

Trace 

Brown hulls of apple seeds 

Trace 

Moderate 

Seed coat 

0 0165 

Strong 

Kernels 

Trace 

Trace 

Sweet potato peelings 

0 0075 

Strong 

Cubes cut out of the center of same potato 

0 0020 

Trace 

Turnip tops 

0 0900 

Strong 

Peelings off roots 

0 0024 

Moderate 

Root meats 

0 0009 

Trace 

Carrot tops 

0 0062 

Strong 

Peelings off roots 

not est 

Strong 

Meat of roots near centei 

not est 

Trace 

Onions bulbs 

Trace 

None 


While the results on the presence of oxidases in the above experiments, 
are only qualitative, they are of sufficient importance to indie de a close 
relationship existing between the amount of manganese present and the 
depth of color produced by the guaiacum reaction for oxidases. In every 
case where manganese was found in appreciable amounts, a corresponding 
positive result was obtained for the presence of oxidases, and the absence 
of manganese was accompanied by negative reaction 5 for oxidases. In 
these experiments it is shown that neither manganese nor oxidases are 
evenly distributed m the tubers and roots of potatoes, turnips or car¬ 
rots, each being largely confined to the outer epidermal layers, thus indi¬ 
cating a close relationship between manganese, oxidases and free oxygen 
in the soil. In the case of the apple seeds very interesting results were 
obtained, inasmuch as they th-ow considerable light on the accumula¬ 
tion of manganese in the seed coats of different seeds and nuts. The 
seeds from a ripe apple were separated into three parts, the outer brown 
hull, the seed coat and the kernels, and each tested* for the presence of 
oxidases. The outer brown hull showed a* moderate blue coloration 
with guaiacum, the seed coat showed a strong blue coloration, and the 
kernels showed only a trace. A determination of manganese in each el 
these parts showed a larger proportion of this element m the seed coats 
in the brown hulls, and only a trace in the kernels. Similar results 
with respect to manganese were obtained on the seed coats of the acorn, 
almond, black walnut, chestnut, Brazil nut, wheat bran, etc., all'of which 
were not obtainable in the green or mature stages of growth at the time 
the investigation was being carried on. However, all of the last named 
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plants art morphologically akin to the apple with respect to their seed 
ooats. 

A search through the literature upon the function and chemistry of the 
seed coats of various plants shows that no work has been done on this 
subject, and that botanists have thus far been unable to attribute any 
important function to this membrane in its relation to the embryo. From 
the above data, in connection with the researches of Bertrand and others, 
it is evident that a close relation exists between manganese and oxidases 
in plants. May we not also assume that the accumulation of manganese 
in the seed coat sustains a very important relation to the oxidizing en¬ 
zymes in this part of the seeds? It is very probable that these enzymes 
have much to do with the selection, compounding and storing away of 
the reserve material in the kernels of seeds. 

It has also been shown that fatty seeds absorb large quantities of oxygen 
during germination. De Ray-Pailhade 1 has shown that there was an 
increase in the presence of oxidases as the germination progressed. He 
further noted that, in the presence of laccase and free oxygen, philothion 
is converted into carbon dioxide, and thereby contributes to the respira¬ 
tion of the embryo plant. 

It is therefore probable that the manganese in the seed coat also assists 
in stimulating the enzymes which split up the fats, sugars, starches, etc., 
and render them more readily available for the young seedling during 
the early stages of its growth. 

If such be the function of manganese in plants, we must conclude that 
it bears a very important relation to the vital processes in seed forma¬ 
tion and germination. 

Lexington, Ky 

THE BITTER PRINCIPLE OF COMMON RAGWEED. 

By Burt B Nelson and Georgs W Crawford 
Received October 2 1914 

As part of a pharmacological study of ragweed, Ambrosia artemisifolia, 
Linn., Order Compositae , with a view to learning something of its sup¬ 
posed therapeutic value in the treatment of certain types of hay fever, 
it became desirable to isolate the bitter principle. 

This was accomplished by extracting ten kilos of the partially air- 
dried drug w 4 th alcohol, distilling off the latter at a gentle heat, mixing the 
soft aqueous residue with more water and some aluminium hydroxide 
cream for separating the “resinoids,” and, after removing the latter by 
filtration, clearing and defecating the aqueous filtrate by a slight excess 
of lead acetate. The remaining liquid was repeatedly extracted by ether 

1 De Ray-Pailhade, Compl. rend., xax, xx6a (i&m)- 
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until tile bitter taste was but slightly apparent (about twenty-five times 
in all) and the ether recovered by distillation. 

As the remaining residue was still quite highly colored, an attempt was 
made tQ still further purify it by solution in alcohol, addition of water and 
boneblack, and filtration after some hours’ digestiou with the latter. On 
evaporation and careful drying, the lemaining residue was quite deep 
amher colored, and on long standing in a desiccator formed a mass of 
fine white needle-shaped or prismatic crystals, distributed through a much 
larger quantity of the amber colored amorphous body. 

The two were finally separated by fractional solution with ether, in 
which the amorphous body is the more readily soluble. Repeated separa¬ 
tions are necessary in order to effect purification by this means. As 
finally obtained, the amorphous amber-colored body was distinctly 
bitter in a one to ten thousand solution, while the white crystals were taste¬ 
less and, aside from being somewhat sternutatory when inhaled, inert 
physiologically as far as we were able to determine from the small amount 
on hand. These crystals melted sharply at 208° (uncor.), and gave on 
analysis: , 

Carbon, 69.13, 6925; hydrogen, 7.77, 7.78; oxygen, 23.10, 22.97% 

With strong sulfuric acid they give an orange color which becomes 
bright crimson, especially on warming. Yield, 0.02%. 

The bitter, amorphous, amber-colored body finally becomes indistinctly 
crystalline on long standing in a desiccator. It melted indefinitely at 
from 65-70° (uncor.), and gave on analysis: 

Carbon, 68.89, 68.38; hydrogen, 7.78, 7.60; oxygen, 23.33* 2402% 

We did not have sufficient material purified to allow of repeating this 
analysis a third time. 

A molecular weight determination by the freezing point method, in 
acetic acid, gave 523. With strong sulfuric acid, the material gives a 
brownish color becoming browni&h purple, and with Froehde’s reagent, 
greenish. Fehling’s solution is slowly reduced by the body after hydrol¬ 
ysis. Yield, 0.10%. 

As tfye above results agree with the data given in the literature for 
absinthin, the bitter principle of wormwood (Artemesia absinthium, Linn., 
Order Compositae), we have also separated some of the latter according 
to the above method. The appearance of this absinthin was entirely 
similar to that of our amorphous bitter principle from ragweed. It was 
not, hoVever, accompanied by any white crystalline body. It melted 
indefinitely at from 65-68° (uncor.), and gave on analysis: 

Carbon, 68.13, 68.19; hydrogen, 7*59, 7-fa; oxygen, 24.28, 24.19% 

Molecular weight by the freezing point method, 523 
It also gave the brownish color, becoming purplish with strong sulfuric 
add, and greenish with Froehde’s reagent. Like the bitter prindple 



tnm&dti ft. ItitX&M. AND MONflR a. BSKSW. 


from ragweed, it also slowly becomes indistinctly crystalline on long 
standing in the desiccator, and slowly reduces Fehling’s solution. 

Conclusions. 

In view of the uncertainty attending the accurate analysis of an amor-, 
phous body of this kind, we believe that the results obtained from the 
analysis of the bitter principle of common ragweed and of absinthin from 
wormwood justify us in concluding that the two bodies are probably iden¬ 
tical. Other pharmacological studies tend to show that the use of prepara¬ 
tions of ragweed in the treatment of hay fever is based on irrational 
grounds. 

I/ABORATORY OP THE N«W YORK STATS HOSPITALS. 

Binghamton. N Y. 

THE VOLATILE OILS OF THE GENUS SOLIDAGO. 

Bv Emerson R Miller and Milner H. Eskew. 

Received September 30 , 1914 . 

The genus Solidago is represented in the United States by about seventy- 
five species. Some of these occur quite abundantly but can, as yet, 
scarcely be considered of any economic importance. A few have been 
used medicinally, particularly Solidago virgaurea Linn., which is common 
to Europe and North America, and solidago odora Ait., which was at 
one time recognized by the United States Pharmacopoeia. The root 
of Solidago canadensis L. is said to contain a coloring matter once used in 
Canada as a valuable dye. 

Very little is known about the chemistry of the plants of this genus. 
Volatile oils have been obtained from four species, but with the exception 
of the oil of Sohdago canadensis L. nothing is known about their chemical 
composition. According to Schimmel & Co., 1 the constituents of the 
last named oil are pinene (85%), phellandrene , dipentene, limonene t bor~ 
neol (9.2%), bornyl acetate (3*4%), and cadinene. 

The Volatile Oil of Solidago Nemoralis. 

Solidago nemoralis Ait. is one of the smaller species of the genus, grow¬ 
ing from Quebec to the North West Territory, south to Florida, and west 
to Texas and Arizona. 

In their report of April-May, 1906, page 63, Schimmel & Co. give the 
following desoription of a sample of oil of Solidago nemoralis which they 
received from America: 14 The bright olive-green oil had a peculiar odor, 
reminding somewhat of cypress oil. The constants were: di§» 0.8799, 
0)> —23° io', ester number 14.4, ester number after acetylation 38.2. 
The oil formed' a cloudy solution in about seven and more volumes of 
95% alcohol.*' 

1 Report, April, 18941 p. 57- 
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The oil used in our investigation was prepared by steam distillation 
from the fresh herb (root excluded) collected, mainly, in the flowering 
stage during the month of October Ten samples were obtained, the per¬ 
centage yield and optical rotation in a ioo mm. tube were as follows 


No of 

Yield 

Optical 

No of 

Yield 

Optical 

iia tuple 

Per cent 

rotation 

sample 

Per cent 

rotation 

1 

O 34 

- 17 73 ° 

6 

O 31 

—14 82 ° 

2 


—16 92 0 

7 

O 30 

35° 

3 

O 24 

- 16 60 0 

8 

O 3* 

“15 77° 

4 

O 316 

—16 64° 

9 

0 33 

—15 73° 

5 

0 43 

I 

0 

10 

C 

««■ 

0 

—15 70 * 

The average per cent yield was 0 322 





The investigation was carried out upon the mixture of these samples 

Physical and Chemical Properties of the Oil. 

In color and odor the oil was similar to the sample described by Schim- 
mel & Co., quoted above, but m other respects differed considerably from 
that oil, as is seen from the following data o 8532, - 16 17 0 , 

n D is® 1 47397. Soluble in about four volumes of 90% alcohol, in about 
24 volumes of 70% alcohol Saponification number, s 6, after acetyla¬ 
tion, 9 4. 

Test for Phenols. -5 cc of the oil were shaken 111 a cassia flask with an 
excess of 5% potassium hydroxide solution and enough water then added 
to bring the oil into the graduated neck of the flask. The diminution 
in volume was very slight, approximately o 03 cc , corresponding to 
o 6% of phenol. But the total amount of phenol subsequently separa¬ 
ted from the oil was less than this. 

Test for Ketones and Aldehydes -With vSchiff's reagent no coloration 
was produced within two minutes. With phenyl hydrazine only a very 
slight cloudiness was produced The oil may, therefore, be said to be 
practically free from aldehyde 0 and ketones. 

Saponification and Fractionation of the Oil. — The total quantity of oil 
was shaken several times with a 3% solution of potassium hydroxide, 
and, after the aqueous alkaline hquid was separated as completely as 
possible, the oil was heated about three-quarters of an hour on a boiling 
water bath with an excess oi o 5 N alcoholic potassium hydroxide solu¬ 
tion. The greater part of the alcohol was then distilled off on a water 
bath and the contents of the flask diluted with a large volume of water. 
The oil, which separated, was removed from the alkaline liquid, washed 
until free from alkali, dried with anhydrous sodium sulfate and subjected 
to fractional distillation under a pressure of 23 mm. The fractionation 
was carried out three times. Fractions having the following constants 
were obtained * 
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fraction 

BoOfoc 

temperature 

Rotation In 

100 min tube 


1 

37 - 59 ° 

-19 5 * 

0 8533 

3 

59-61 * 

—13 »8' 

O 8607 

3 

61-72° 

+ 7 86° 

O 8609 

4 . 

72-80° 

+43 87° 

O 86lO 

S 

80-100° 

+43 46° 

0 8923 

6 

100-120° 

—12 83° 

0 9226 

7 

Residue 



Identification of Pinene —Fractions No. i and 2 constituted the main 
portion of the oil. When distilled under diminished pressure the greater 
part of Fraction No. 1 boiled between 159 0 and 165° From this distillate 
a mtrosyl chloride was prepared both by the method of Wallach 1 and that 
of Ehestaedt,* the melting point of the product being 102-103°. From 
the nitrosyl chloride a nitrol pipendide was prepared having the melting 
point 118-119°. 

The alcoholic distillate recovered from the saponification mixture was 
diluted with a large volume of water The oil which was thus thrown 
out of solution was separated, washed, dried, and found to have the fol¬ 
lowing constants B. p., 161-165°, a D , —19 37°, d”’, o 8523 

This liquid was also identified as pinene by the preparation of a nitrosyl 
chlonde, m, p 103 °, and a nitrol pipendide, m p 118 119°. 

A nitrosyl chlonde was also prepared from Fraction No 2, but the yield 
was smaller 


Examination for Phellandrene —Fraction No 3 was tested for phellan- 
drene by Wallach’s method for the preparation of phellandrene mtrosites 
but with negative results. Fraction No 4 was tested in the same man¬ 
ner, but it also yielded no mtrosite 

Examination for Borneol —Since the maximum boiling point of Frac¬ 
tion No 5 is near that of borneol and the odor of this fraction was some¬ 
what suggestive of that of borneol, an attempt was made to prepare bor¬ 
neol phenyl urethane by means of carbanil, but the results were negative. 
Fraction No. 6 was also treated in the same manner but likewise with 
negative results. 


A further attappt to identify bdrneol was made as follows the remainder 
No 5 and a part of Fraction No. 6 were mixed and testified 
pressure. The portion which came over between 195° 
Oxidized by means of chromic acid mixture, the acid Hquid 
sodium carbonate and then distilled with steam. There 
tion of the separation of camphor in the condenser, though 
distillate had a somewhat camphoraceous odor. This oil was 
hydroxylamine hydrochloride in order to see if camphor 
(-) 

ef Schmmd fir Co , April, 1910, p 164 
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oxime could be prepared. The thick, oily mass which was obtained had 
an odor very suggestive of camphor oxime and a few crystals had separa¬ 
ted, but at‘the time of this writing the amount was insufficient for a melt¬ 
ing point determination. 

Examination for Camphor . —The remainder of Fraction No. 6 was 
treated with hydroxylamine hydrochloride but no oxime could be separa¬ 
ted, indicating the absence of camphor. 

Examination for Phenol. —Identification of Salicylic Acid. The aqueous 
alkaline liquid obtained by shaking the oil with 3% solution of potassium 
hydroxide was acidulated with dilute sulfuric add, shaken out with ether 
and the ether allowed to evaporate. A thick, brownish red liquid was 
thus obtained from which, after standing some time, needle shaped crystals 
separated in very small amount. This substance gave an intensely violet 
color with aqueous ferric chloride solution. When treated with methyl 
alcohol and sulfuric acid it gave the odor of methyl salicylate. 

Identification of Acetic Acid. —The aqueous alkaline liquid resulting 
from the saponification of the oil was acidified with dilute sulfuric add 
and the mixture subjected to steam distillation. From the acid distillate 
a diver salt was prepared which, on ignition, yielded 65.7% metallic sil¬ 
ver. Silver acetate contains 64 64% of silver. 

Summary. 

The chief constituent of this oil is a-pinene, a mixture of the dextro 
and levo forms. In addition, it contains salicylic add and acetic acid, 
at least one alcohol, occurring both in the free state and combined as the 
acetate. The presence of bomeol is quite probable. 

Alabama Polytechnic Institutr, 

Auburn, Ala. 


NOTES. 

A Modified Kjeldahl Flask for DeUrmining Soil Nitrogen .—Soil chem¬ 
istry and soil bacteriology call for the determination of soil nitrogen. 
The nitrogen content of ordinary soil is small and the sample has to be 
correspondingly large. The fact that most directions call for the transfer 
of the solution between digestion and distillation shows that the ordinary 
Kjeldahl flask is not adapted to this determination. Some investigator* 
do not make it a rule to transfer, but they sometimes are forced to, since 
with some types of soil, such violent bumping occurs that the flask breaks. 
The transfer is a nuisance, involving extra time and flasks, besides allowing 
a source of error. 

"the modified Kjeldahl flask represented in the accompanying sketch 
does away with the bumping, making the transfer unnecessary. This 
flask holds about 700 cc. It has the same proportions as the ordinary 
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Kjeldahl flask, except for 



its modified (more pointed) bottom. The 
pointed bottom prevents the solid por¬ 
tion of the contents from settling while 
being heated. The silica and sludge 
are thus kept in constant motion, ris¬ 
ing straight up towards the surface of 
the liquid and sliding back along the 
sides of the flask. The hardest boiling 
on the surface of* the liquid is at the 
center, and thus frothing is prevented 
by the bubbles being broken against 
the sides of the flask. 

Over three hundred determinations 
have been made in this laboratory with 
” this flask. Nitrogen has been deter¬ 
mined in clays, loams, sands, peaty 
sands, and peats. Neither bumping 
nor troublesome frothing have oc¬ 
curred in any case. H. A. Noyes. 


Horticultural Chbmmtry Laboratories, 
PURDUB EJtPBRIMBNT STATION. 
Laraybttb, Indiana 


Concerning the Quantitative Extraction of Diastases from Plant Tissues .— 
41 H. F. E. H.” in a review of our recent article 1 on this subject, which 
appears in a recent number of The Analyst , 2 states that “The authors 
have overlooked the fact first shown by J. E. Baker and H. F. E. Hulton* 
that the “Kjeldahl law of proportionality” does not strictly obtain up to 
a production of 40% of maltose in the case of flour. There is no refer¬ 
ence to the work of Brown and Morris, 4 and Ford and Guthrie, 8 who 
showed that the diastatic activity of raw barley itself is greater than that 
of pny extract made from it. The great influence that amphoteric sub¬ 
stances have upon the quantitative production of maltose from starch, 
when flour, barley, etc^jpe employed, is ignored.” 

With reference to t$i first point, we recognize that KjeldahTs 41 law of 
proportionality” is not an absolute law in the sense that the reaction 
velocity is ab^qlut$ly unvarying up to the limits of unconverted starch to 
which it was qrigiiwijly applied. This was shown by Brown and den- 
dinning in the aftide to which we referred in our paper, much earlier than 

1 This 36, 759-770 (1914) 

• AnalyA ffeAto (1914)* 

* /, S*c k . tnd., 27, 368 (1908). 

«/ Ch#L 0 ikfM, 604 (1893). 

1 J InsM&r&ing, 14, 61 (1908). 
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by J. L. Baker and H. F. E. Hutton, whose work is mentioned by “H. 
F. E. H.” But our own preliminary work bore out the statement of 
Brown and Glendinning that the curves of reaction velocity is sufficiently 
nearly rectilinear, up tp the point of hydrolysis of 50% to 60% of the 
starch, “for all practical purposes of diastasimetry.” * We, therefore, 
did not hesitate to use the Kjeldahl “law of proportionality” as a basis 
for our study of the proposed method of extraction. 

With regard to the supposed ignoring of the influence of substances 
in the material under examination upon the quantity of maltose produced 
from the starch in the sample, we may say that it was precisely in order to 
avoid this difficulty that we sought a method which would give an ex¬ 
tract free from these disturbing substances. Our further investigations 
of the application of the proposed method to a study of the diastases 
of flour, which are now being prepared for publication, showed clearly 
that the accelerating effect of the extracts alone upon the conversion of 
starch to maltose is quite different from that of a dilute flour paste, ex¬ 
actly as indicated by the authorities cited by “II. F. E. H.“ Our inves¬ 
tigations as to the causes of this phenomenon, while not yet complete 
indicate that the difference is due to the presence in the flour paste of 
substances other than diastases which influence the rate of diastase ac¬ 
tion. This does not change in any way our conclusion that the diastases 
are quantitatively extracted at o° by the proposed method. A discussion 
of this phenomenon belongs to the forthcoming paper, rather than to a 
description of the method of extraction, which was presented in our first 
paper. In the next paper, the work in question will not be “ignored.” 

R. W. Thatcher and Geo. P. Koch. 

Division of Agricultural Chemistry, 

Aor Bxpt. Station, St Paul, Minn 

NEW BOOKS. 

A Laboratory Outline of Elementary Chemistry.. Alexander Smith The Century 
Company, 1914 

This outline is intended to accompany the author’s new Text-book of 
Elementary Chemistry published by the same company during the sum¬ 
mer. His position as Examiner in Chemistr> of the College Entrance 
Board puts him in close touch with the teaching of Elementary Chemistry 
and two paragraphs from the preface give an idea as to the plan of the 
work: 

“The apparatus has been made as simple and small in amount as possi¬ 
ble. The list of chemicals has also been restricted to the least expensive 
materials and the smallest number of items. The indispensable experi¬ 
ments which are less simple, have been left for classroom demonstra¬ 
tions. 
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All the experiments, and the wording of the directions, have bom 
tried under the author's supervision with young pupils, and have been 
altered until found satisfactory.*' 

The book differs from the stereotyped forms in several important par¬ 
ticulars. In the study of “Substances*’ the pupil is given pieces of white 
cotton cloth, of white mixed goods, and of woolen yarn instead of bits * 
of copper, pieces of sulfur, nitric acid, etc. Incidentally, the ability to 
detect cotton and wool separately or in mixtures is developed. Measur¬ 
ing, weighing, density, changes in metals heated in air, follow, and then 
come studies in oxygen, hydrogen and water in quite the orthodox way. 
One exercise is devoted to hydrates and another to the determination of 
water in hydrates. (The old, misleading “Water of Crystallization” is 
not even mentioned. Let us hope that it, Sulphuretted Hydrogen and 
some others are on the road to oblivion.) 

Why reactions proceed to equilibrium or to completion, ionization, 
normal and standard solutions, titrations, valence, give further practice 
in quantitative work not too difficult for beginners. Gram-molecular 
volume, colloids, starch and sugars, how soap cleanses, and tests for food 
compounds are new in the way of laboratory work for young pupils. 
The recognition of negative radicals, analysis of baking powder, hydrol¬ 
ysis, esters and soap-making, colloidal suspensions, hard water, film-cobalt 
chloride- and match tests for metallic elements, displacement of metals 
and the making of white lead are new features, or old topics treated in a 
new way. 

The manual will make for itself some such place in elementary chemistry 
as his laboratory guide to accompany his first college text made in that 
field of the work. C. M. Wirick. 

Collegiate Chemistry. By F W Martin, M S., Ph.D J. P. Bell Co Inc, Lynch¬ 
burg, Va. 1914. 238 pp. Price, $1.30 

The author in this new text in General Chemistry has not introduced 
any strikingly new feature, and unfortunately leaves out some of the im-» 
portant old features. His work is based on the Periodic System and 
forms a very good introduction to Qualitative Chemistry. Although he 
particularly states in his preface that “it is probable that some who 
inspect it superficially ^jpay be misled by its size and simplicity of pre¬ 
sentation into thinking that it is too brief in scope or too elementary in 
treatment tc^ meet the needs of the college freshman,” a very careful 
perusal leads one to the very conclusion to which the author objects* 
The sins of the book are more of omission than of commission. The 
brevity of the treatment is particularly apparent when the well known 
Frasch method for obtaining sulfur is not even mentioned—the M 
chamber process for the manufacture of sulfuric add is given only as a foot¬ 
note. Catalytic agents are completely ignored, and while, in the prepare- 
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tioa of oxygen* manganese dioxide is first used alone and then with potas¬ 
sium chlorate, the different role it plays in the two processes is not indi¬ 
cated. The only methods given for the preparation of ammonia are by 
treating ammonium chloride with lime and passing sparks through the 
gases hydrogen and nitrogen. Other illustrations could be given of the 
extremely brief treatment. Several chapters are devoted to the theories 
of chemistry, but there is no particular connection between the theories 
and the descriptive matter. The metallurgical processes given are not 
particularly good nor up to date. “Not-metal” is used in the place of 
the more euphonious “non-metal.” Other unusual words such as aeidigen 
and basidigen are used. The experiments embodied in the tCxt are the 
usual standard ones. A good experimental illustration of the law of 
multiple proportions is given in the preparation of the two iodides of 
mercury. Lillian Cohbn. 

Collegiate Chemistry. Qualitative Analysis. By F W. Martin, M.S, Ph.D. 
Professor of Chemistry, Randolph-Macon (Women’s) College J. P Bell Co., 
Inc., Lynchburg, Va. 1914. pp. 257-321 Price, $1 00. 

The Qualitative Analysis is Part V of Martin’s Collegiate Chemistry' 
It is a satisfactory manual for qualitative analysis and witn interpola¬ 
tions by the instructor could be used as a text-book. However, it does 
not possess any greater merit than most of the manuals on the market 
and not as much as some. Lillian Cohen. 

A Text-book of Quantitative Chemical Analysis. By Alexander Charles Gumming 
and Sidney Alexander Kay. John Wiley & Sons, New York, 1913- PP* 
xi + 382. 

In the ten parts of this book are considered (I) General Principles; 
(II) Volumetric Analysis; (III) Gravimetric Analysis; (IV) Colorimetric 
Methods; (V) Systematic Quantitative Analysis; (VI) The Analysis of 
Simple Ores and Alloys; (VII) Gas Analysis; (VIII) Water Analysis; 
# (IX) Quantitative Analysis of Organic Substances; (X) The Determina¬ 
tion of Molecular Weights. An Appendix contains data of various 
kinds. It can be seen that the scope of the book is large. The processes 
selected are representative and the manipulative descriptions of the 
typical exercises are unusually complete and satisfactory. 

Many teachers will not concur with the authors in their decision to al¬ 
low volumetric analysis to precede gravimetric analysis. The reader is 
frequently left in the dark as to the reasons why various precautions 
are necessary. Furthermore, no application is made of the modern 
theory of solution, even in such subjects as the solubility of precipitates, 
and^neutralization in the presence of indicators. 

* Many detailed criticisms may be made: Under titration with per¬ 
manganate in the presence of chlorides no mention is made of the useful- 
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ness of manganous salts in preventing error (p. 65)* Oxalic add is con¬ 
demned as a standard reducing substance on the basis of efflorescence 
(p.67), whereas this phenomenon never occurs under any ordinary atmo¬ 
spheric conditions. Stannous chloride is stated to be applicable for iron 
reductions only when dichromate is used for oxidation (p. 76), yet this 
method of reduction is widely used in permanganate titrations with pre¬ 
precautions suitable for avoiding error due to chlorides. The diminu¬ 
tion of the colloidal solubility of silver chloride by nitric acid is appar¬ 
ently confused with that of true solubility (p. 133). One is startled by 
the statement that cadmium is precipitated electrolytically upon the 
anode from cyanide solution (pp. 149 and 150). In the determination 
of the silica in an insoluble silicate, filtration of the second precipitate 
upon the same filter as the first is recommended. 

The reviewer can see few points of superionty in this book over many 
other standard texts. G. P. Baxter. 

Photo-chemistry. By S E Sheppard, D Sc London Longmans, Green & Co, 
London afld New York 1914 pp 446 (One of a Series of Text-Books of 
Physical Chemistry Edited by Sir William Ramsay, K C B , E R S ) Price, $3 50 

To those 6 f us who have for a number of years been impatiently awaiting 
the promised appearance of a work on photo-chemistry, this latest addi¬ 
tion to the Ramsay Series is especially welcome. One is struck at once 
by the appearance of thoroughness with which any one subject is dis¬ 
cussed, and a closer study causes one to marvel at the amount of excellent 
material the author has succeeded in compressing into the 446 pages 
An especially desirable feature of the book, and one which the reviewer 
feels it impossible to over-emphasize because of the unusually widely 
separated literature of photo-chemistry, is its excellent bibliography, 
the collection and verification of which must have been a Herculean task- 

One must commend the author for his excellent judgment in greatly 
condensing the historical development of photo-chemistry, in spite of 
the fact that the history of this branch of physical chemistry is one of 
unusual interest and inspiration. Following the six or seven pages 
of history we find about forty pages devoted to a thorough discussion of 
the principles involved in the measurement of light quantities; different 
light sources; standard light sources; and a brief, but comprehensive, 
description Of the various devices used for the measurement of the in¬ 
tensity of light, including spectro-photometry. 

Under the heading ”Energetics of Radiation” the author takes up 
Kirchhoff’s law; the Stefan-Boltzmann law; Wien’s displacements law, 
Planck’s law for the distribution of energy in the spectrum; the methods 
for determining temperature; the radiation scale of temperature the 
mechanical equivalent of light, etc. The fourth chapter deals r j*Stjb 



NEW BOOKS. 


2547 


“ Economic and Energetic Relations of Actual Light Sources,” in which 
are discussed: the Hefner lamp; incandescent gas; incandescent electric 
lamps; the electric arc; various sources of the ultra-violet; sunlight; 
diffused daylight; and the distribution of energy in the spectrum of each. 

The next seventy-one pages, constituting the fifth chapter, are de¬ 
voted to a study of the absorption of light. The various factors influencing 
absorption are discussed in considerable detail, then the question of the 
absorption of solutions is considered at length. The remainder of the 
chapter is given over to a discussion, necessarily somewhat limited, 1 
of the interesting question of the relationship between absorption and 
chemical constitution. 

Chapters six and seven are devoted to “Statics and Kinetics of Photo¬ 
chemical Change” and “Dynamics of Photochemical Change.” The 
former consists of an excellent discussion of the measurement of the 
rate of photochemical reactions and the application of the mass law, 
illustrated by numerous well-chosen examples. In the latter the author 
takes up the factors influencing photochemical equilibri^; endo- and 
exo-actinic reactions; photochemical change in the elements; chemical 
actinometry; photochemical reactions iti gases and vapors; photochemical 
induction and deduction; photochemical catalysis; and photo-sensitization. 

Chapter eight is devoted largely to the photo-chemistry of the halogens; 
the silver compounds; and the interesting question of phototropy. This 
is followed by a chapter on “Radiant Matter and Photochemical Change,” 
being mainly a discussion of the photo-electric effect. In Chapter ten 
there is an interesting presentation of what we know concerning the 
various luminescence phenomena, and a discussion of their theoretical 
significance. The last chapter in the book constitutes a very meager 
and rather disappointing discussion of organic photosynthesis, a subject 
which, though perhaps not so spectacular, is undoubtedly the most im¬ 
portant of all. 

Nearly one-half of the book is devoted to what many will undoubtedly 
call photo-physics rather than photo-chemistry, but in the opinion of the 
reviewer this is one of its strongest points. The author well says in his 
preface that the neglect of the bearing of photo-physical phenomena 
and laws and “too narrow a circumspection of its domain can only lead to 
further delay in the discrimination of a definite body of laws for this 
science.” 

The author is to be congratulated on giving us a presentation of real 
photo-chemistry, rather than a book lop-sided from the inclusion of too 
much photography. Dr. Sheppard has done much to dispel the popular 

1 This question has been quite fuHy discussed in a previous volume in this series. 
See Smiles.” "The Relations between Chemical Constitution and Some Physical Prop¬ 
erties” 



WWf BOOKS. 


fusion (tmfortunately current even among chemists) that pkoto<kmistry 
and photography are synonymous. Any* such deluded person who will 
hut look through this really excellent r£sum£ of the field of photo-chemistry 
will never again be troubled by the vision of a camera rising before him 
whenever the word 4 ‘ photo-chemistry ’' is mentioned. 

J. Howard Mathews. 

Complex Ions ix^ Aqueous Solutions. By Arthur Jaqubs. • London: Longmans, 
Green ft Co., 1914. 151 pp. Price, $1.35 net. 

The first part of this monograph, approximately one-quarter of it, is 
devoted to a description of various general methods of investigating 
complex formation; namely, the chemical method, the ionic migration 
method, the distribution method, the solubility method, and the elec¬ 
trical potential method. In considering each method the principles 
are first presented, and then illustrated by applying them to actual ex¬ 
perimental data. Properties of solutions, such as freezing-point lowering 
and vapor pressure lowering, which are a measure of the total number 
of mols of solute in the solution offer another important method for study¬ 
ing complexes. This method, though not classified as one of the general 
methods, is mentioned and illustrated by some of the examples given 
later in the book. 

In the last part of the book these general methods are illustrated by 
examples, which also serve to give a review of some of the more important 
experimental work on complex ions in aqueous solutions. Unfortunately, 
no reference is made to investigations on the subject which have been 
published in this country. M. S. Sherrill. 

Handbuch der Mineral Chemie. Dosltbr, et al. Bd. Ill Nos. 3 and 4. (Bogen 
si-40.) Dresden and Leipzig: Th. Steinkopff. Price, M. 6.50 each. 

The mineral phosphates here treated are most of them rare and of lit¬ 
tle interest to chemists in general; indeed the examination of much of 
the contents of these two hefts has revealed comparatively little of a 
chemical nature. 

There is some modern work on the synthesis of apalite, and some on 
the chemical behavior of turquoise which the mineral chemist should 
know, while the section on monazite and the extraction of the rare earths 
from it will appeal to a wider circle of readers. 

The last jfeges of No. 4 in which the arsenic minerals are begun tjreat 
the polymorphic forms of this element, and those of arsenious oxide in a 
more complete manner than a strictly chemical treatise. 

E. T. Allej*. 

the Some, Cfcamistry aad Um of Food Products. By E. H. S. Bailey, Ph.D. Phila¬ 
delphia; P. Blakastcm’s Son ft Co„ 19x4. pp. xiv + 317* Price, $1.60 nefc k 

This is not intended as a reference book for experts or specialist^ tot 



as a convenient manual for the use of students in colleges or high schools, 
and especially for those who are taking courses in dietetics or household 
economics. An unusually large amount of practical information, gle aned 
largely from original sources, is condensed in the book and the presenta¬ 
tion is such that the student should be able to grasp readily the essential 
points. There is unquestionably a place for such a book and the author 
has succeeded in compiling something which is really needed. 

Dogmatic statements on some controverted questions have been pretty 
well avoided. A few paragraphs, here and there, seem to the reviewer, 
however, somewhat wide of the mark, and in future editions should be 
modified or omitted. The author has occasionally gone out of his way, 
for example on page 295, in making statements which do not well accord 
with the facts. In discussing the use of preservatives in a well-known 
tomato product, the author discloses a somewhat uncertain prejudice, 
not in keeping with the scientific accuracy which should ever hold in a 
book for students. 

While many foods, because of their limited use in this country, are but 
briefly discussed, other sections me much longer and full enough to form 
very interesting reading. The chapters on sugars and bread are exam-* 
pies of quite satisfactory treatment. Numerous illustrations *dd much 
to the practical value of the book, which, on the whole, can be cordially 
recommended to the readers for whom it is intended. J. H. Long. 

A Manual of Bacteriology for Agricultural and General Science Students. By Howard 
S. Reed Ginn & Co 1914 Price, $1.25 

This volume consists essentially of a well-selected series of experiments 
designed to familiarize the student with principles underlying the activi¬ 
ties of bacteria, yeasts, and molds. The majority of these experiments 
are devoted to bacteriological technique and the role of bacteria in nature; 
nevertheless, considerable space is occupied by a consideration of various 
fungi, particularly yeasts and molds. The scope of the volume, there¬ 
fore, is greater than the title wc aid indicate. 

The viewpoint of this manual is essentially chemical. Attention is di¬ 
rected continually toward the nature and extent of microbic activity; 
but little space is devoted to their morphology and ^botanical identifica¬ 
tion. This omission of morphological details, however, is of little moment, 
for the practical importance of microbes ih the last analysis centers arbuftd 
the tesults they accomplish rather than what they are. The essential 
morphological features can be readily supplied by collateral reading; a 
selected list of texts is appended for this purpose. , 

The arrangement of the book might be unified somewhat without 
seriously disturbing the sequence of the text by uniting Sections II and V, 
bottf of which deal essentially with the preparation of general and special 
me dlh for the cultivation of microorganisms. Similarly, Experiments 
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37 and 28 of Section VI might well be contained in Section VIII, which 
is devoted to the isolation of a pure culture. It might be advantageous 
from the viewpoint of the student, furthermore, to amplify Section VIII 
by the addition of experiments illustrating the general methods of ob¬ 
taining pure cultures of microorganisms from their mixtures. 

Section XV, “Bacterial Disease in Man and Animals/' is not impressive. 
The subject is inherently far beyond the scope of a volume the size of this 
manual, and it might be profitably omitted entirely, or, at most, dismissed 
with the most general statement. 

Sections XI and XIII, dealing, respectively, with bacteria of water and 
sewage, and bacteria of milk, are worthy of special mention. Section 
XII, relating to the bacteria of the soil, taken together with the informa¬ 
tion contained in the appendix on the sterilization of soil, is excellent. 

The appendix contains directions for the accurate determination of 
various products of microbic growth. 

The student who successfully completes the experiments outlined in 
this manual should be well grounded in general mycology. 

Arthur I. Kendall. 

A Text-book of Physiological Chemistry. By Olof Hammarsten with the collabora¬ 
tor! of S G. Hrdin. Authorized translation by John A. Mandel, froni the en¬ 
larged and revised 8th German edition New York. John Wiley & Sons. pp. 
viii -H 1026. 1914. Price, $4.00 net. 

This well-known work here appears in the 7th American edition. The 
preface of the 6th edition was dated April, 1911, while in the new edition 
the date is June, 1914, following closely the corresponding German dates. 
Former editions have been reviewed at length in the Journal. The 
translater calls attention to the fact that the last German edition, from 
which this is taken, was revised by the author himself, who is now in his 
73rd year. Every worker in the field of Physiological Chemistry will 
doubtless join heartily in the wish that the pioneer investigator and pains¬ 
taking compiler may live in vigor to bring out many future editions of 
■a hand-book which has long been a necessity in the library of the biochem¬ 
ical student. 

This new edition shows a considerable number of changes to correspond 
to the rapid advances in the science. By a rearrangement of the mat¬ 
ter the number of chapters has been reduced from eighteen to seventeen, 
and practically every chapter has received additions. In Chapter I, 
dealing with general physico-chemical relations of physiologically im¬ 
portant bodies, the sections on osmotic pressure, colloids, catalysis, en- 
aymes, and ions and salt action, the revision has brought important 

r reties and theories down to date. In no field of physiological cfcem- 
has the development been meat rapid than just here and the$aet 
is fittingly regarded in the compilation. For example, even some ef the 
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latest determinations of the reaction of the blood by gas chain methods 
havfc received attention. 

Notable changes have been made in other chapters, and especially 
in the work on the blood and the urine. The preliminary discussion 
on oxidation processes in the body, which in earlier editions came in the 
first chapter, now appears in the sixteenth chapter under respiration and 
oxidation. In some chapters the changes appear to be slight, for exam¬ 
ple, in the discussions of the carbohydrates and the animal fats and phos- 
phatides. 

The work of the translator must be again commended, as well as that 
of the publishers in keeping up the excellent appearance of the book. 

J. ri. Tong. 

Preservatives and Other Chemicals in Foods. By Otto Foi.in, Ph D Hamilton 
Kuhn, Professor of Biological Chemistry, Harvard University Cambridge: 
Harvard University Press, 1914. 60 pp. Price, $0 50 

This little volume is the outgrowth of one of the Harvard health talks 
by Dr. Folin. It is one of the best and fairest presentations of the question 
of chemical preservatives in foods that lias thus far been published. Dr. 
Folin does not wholly condemn the use of preservatives in food products* 
but condemns their use as a substitute for sanitation or of the use of any 
of the more harmful ones. 

The author says: 

“Unfortunately, the application of these new methods for preserving 
food was not left where it belonged, with the critical and disinterested 
scientific investigators, but was seized upon by alert men whose chief 
interest was of the pecuniary kind. • The outcome might have been fore¬ 
seen. * * * 

“By means of greater liberality with the antiseptics which are cheap, 
the enterprising manufacturer also succeeded in preparing food products 
for the market from materials already so decayed as to be unsalable. * * * 

“In the absence of specific and adequate evidence to the contrary, it 
follows practically as a matter of course that chemicals which are effective 
in killing or preventing the development of bacteria must be injurious to 
the more highly organized and more sensitive living cells which go to make 
up the human body. * * * * 

“Among all the preservatives of recent origin there is probably no one 
more likely to prove practically harmless to human beings than benzoic 
add and benzoates. 

“ It is known that while certain chemicals may be taken in subs tanti a l 
quantities for a month or a year without producing demonstrably in¬ 
jurious effects, nevertheless, the continued use of the same substance, 
■even in s mal l quantities, will eventually undermine the health. 

“It is perhaps not superfluous to state that the approval of a limited 



vm *A beniwac add or sodium benzoate for the preservation of good^tat 
perishable food materials, does not imply approval of similar preservation 
of decayed materials; or of materials which are regularly consumed in 
large quantities, as for example milk; or, of foods which do not need^ny 
chemical preservatives/' 

-‘The substitution of benzoic acid for cleanliness in the preparation of 
food is doubtless a real and practical temptation to manufacturers of 
cheap foods, however much they may be disposed to deny it." 

"It is, however, extremely difficult—in food almost impossible*—to 
determine experimentally, in a short time, with any degree of certainty, 
whether a comparatively mild chemical is or is not injurious to health." 

Dr. Folin does not hesitate to condemn the bleaching of flour. He says: 

"The addition of dangerous chemicals to food products for no other 
purpose than to hide inferiority is a practice which, from the standpoint 
of ttie consumer, has nothing to recommend it. Take for example the no¬ 
torious case of bleached flour." 

He points out that the owners of the patent have worked for years and 
"the reward for their success was contributed by the consumers of the 
bleached flour at the rate of 50 cents to $1.00 extra per barrel." 

"We are, in my judgment, bound to take the position that any substance 
known as a poison must be assumed to be injurious to health, even when 
taken in the smallest doses, unless we have definite and specific reasons for 
believing it fails to have any effect when the dose is minute. * * * In the 
case of most dangerous chemicals it is, I think, neither safe or sound public 
policy to assume that they may be made ingredients of our daily food even 
though the quantities used are small when compared with doses capable 
of producing demonstrable results. So long as failing health before old 
age is as common as it is we cannot afford to extend the benefits of reason¬ 
able doubts to any poisonous or deleterious ingredients added to our food. 
* * * In the interests of the public it should be enough to show that 
adulterated foods contain added poisonous or deleterious ingredients, and 
to insist that the presence of such admittedly injurious substances of neces¬ 
sity renders the product containing them injurious to health." 

The author thinks that the courts may safely interpret the ptprase 
"may render such article injurious to health" as throwing the burden of 
proof on the manufacturers of foods containing added chemicals. 

This little volume may be read with much profit by all who are interested 
in food products as a sane presentation of facts sifted from the mash cf 
controversial material forced upon the public during the past few years. 

B. F. Lad* 
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Some New Facts Concerning Ammonia and the Higher Hydronitrogens, 

A. W. Browne. Glass and Notes on the Manufacture of Optical Instru¬ 
ments, H. E. Howe. 

Wisconsin Section. 25 

Electroplating, O. P. Watts. 
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Chemical Engineering, New and Old, Illustrated, Maximilian Toch. 

Some Features of the Add Industry in America, Henry Bowen. The Pot¬ 
ash Business, E. M. Sergeant. 

Washington Section. 25 

The Chemistry of the Nudeic Adds, P. A. Levene. Electro-analysis of 
the Copper Alloys, and The Iodometric Determination of Iron, J. G. Fair- 
child. Radioactivity of Virginia Mineral Waters, W. D. Collins. The 
Preparation of Aminonitriles, G. A. Menge. Goettingen, G. B. Spencer. 

Detroit Section. 26 

Under what Circumstances can Portland Cement be Considered a Reliable 
Building Material for Permanent Structures? Alfred H. White. 

Oregon Section. 26 

Fertilisers, C. E. Travillion. Chemical Control of a Lead 6melter,|V. P. 

Edwards. , 

University of Michigan Section. 26 

Selective Absorption by Soils, J. & Harris. 

Lexington Section. 26 

Report of Annual Convention of the Association of Offirial Agricultural 
Chemists, S. D. Averitt and B. D. Wilson. 

Connecticut Valley Section. 26 

New Sources of Paper-making Fiber and the Determination of Their Com¬ 
mercial Value, H. P. Carruth. Organization and Work of the Chemical 
Department of the Massachusetts Experiment Station, Philip H. Smith, 

The Water Content of Vanilla Beans, B. H. Smith. 

Chicago Section. 27 

Color Photography, J. H. Matthcfas. Welfare and Safety Work in Amur- 
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ican Chemical Industry, Florence Hughes, Howard Lyon, Charles P. Tol- 
man, Francis D. Patterson. 
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Extraction of Gold from Low Grade Ores, L. W. Bahney. 

California Section. 27 

Workings of the California Insecticide I/aw, George P. Gray. 
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The Planetesimal Hypothesis of the Origin of the Earth, A. H. Purdue. 
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The Rare Earths, L. M. Dennis. 
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Annual Table of Constants. 28 
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of the Acid Industry in the United States, Henry Bowen. Potash, E. M. 
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Edwardcs. 

Puget Sound Section. 34 
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The Methods of Photographic Research; An Account of the New Re¬ 
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The Water Supplies of Maine, Doctor Evans. 
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Color Photography, J. U. Mathews. The Aluminum Industry, H. C. 

Peffer. 
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The Electric Furnace Smelting of Lead-Zinc Ores, Richard S. McCaffrey. 
Increasing the Nitrogen Content of Wheat, Geo. A. Olson. 
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The Scope of Colloidal Chemistry, L. E. Shepard. Under What Condi¬ 
tions is Concrete a Safe Building Material? A. H. White. 

Southern California Section. 3 $ 

The Oil Work of the Bureau of Mines, and the Petroleum Exhibit at the 
Panama-Pacific Exposition, Irving C. Allen. Antimony; its Ores, Metal¬ 
lurgy and Uses, L. C. Mott. The Technological and Codperative Petro¬ 
leum Work of the Bureau of Mines, Irving C. Allen. The Universal Equi¬ 
librium, Elbert E- Chandler. The Sanitation Service of Porto Rico, H. J. 



























rt 


Uni vermty of Hbnois Sectfeu * .... k...*.. 36 
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Cincinnati Section.. 36 

Rhode Island Section. 37 

The Alkali Lakes Of the Southwestern Desert, Charles E. Swett. 
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Some Problems Relating to Metal Surfaces, W. G. Smeaton. 
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Calorimetry of Illuminating and Producer Gases, Abram T. Baldwin. 
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The German Potash Mines, F. W. Zerban. 
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The Thermit Process, W. R. Hulburt. 

Cleveland Section. 39 

Some Phases of Occupational Diseases, H. L. Rockwood. 

St. Louis Section.‘.39 

Amino Camphoric Acids, L. F. NickeU. 

T Section..*........ 39 


The Occurrence of Manganese in the Colored Portions of Plants and a 
Short Method for its Determination, J. S. McHargue. The Evidence of 
the Action of Oxydases within the Growing Plant, G. D. Buckner. 
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Atmospheric Pollution, William Hoskins and H. V. Main. 

Wolcott Gibbs Fund for Chemical Research... 
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The Use of Physical Measurements in Chemistry, C. W. Kenneth Mees. 
Hydrogen Telluride and the Atomic Weight of Tellurium, Ross P. Ander¬ 
son. The Dissociation of Hydrogen into Atoms, F. Langmuir and G. M. 

J. MacKay. The Oxidation of Ammonia to Nitric Acid, G. N. Terziev. 
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scope, H. C. Cooper. Electrical Energy, Charles P. Steinmetz. 
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The Fractional Crystallization of the Picrates of the Rare Earths of the v 
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mination of Hydrocyanic Acid and the Alkali Cyanides, G. E. F. Lundell. 
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Recent Developments in Colloid Chemistry, David Klein. Certain Re¬ 
sponses of the Animal Body to Alteration in the Rate of Oxidative Pro¬ 
cesses, A. S. Loevenhart. 

Pittsburgh Section. 47 

Adrenaline: Its Nature and Composition, E. R. Weidlein. 

Philadelphia Section...•*. 47 

The Saponins, Carl L. Alsberg. The Chemistry of Fires and Chemicals 
in Fires, Charles A. Hexa^er. The New Era in Chemistry, Harry C. 

Jones. 

Michigan Section. 47 

The Work of the Bureau A Standards, W. L. Badger. 

Eastern New York Section. 47 

Symposium on Electronics and Chemistry, Saul Dushman, Messrs. Whitj 
ney, Coolidge and Langmuir. , 

University of Missouri Section. 4 ® 

The Consideration of Some Data on the Teaching of Chemistry in Univer¬ 
sities, J. A. Gibson. The Acidity Determination for Soils, C. R. Moulton. 

The Hydro-chloroplatinic Acid Method Compared with the Perchloric 
Acid Method for Potash Determinations, Herman Rosenthal. 

Alabama Section. 4 ® 

The Occurrence and Composition of Some Alabama Phosphates, B. B. 

Ross. A Study of the Chemical Composition of Cotton Seed, C. L. Hare. 

California Section. 4 ® 

Some Practical Applications of the Hydrogen Electrode, Joel H. Hade- 
brand. 
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North Carolina Section ..*..* 48 

The Engineering Students Need of Chemistry, L. F. Williams* Colors 
and Structure, W. L. Jeffries. The Stability of Resin Adds at Slightly 
Elevated Temperatures, C. H. Herty and H. L. Cox. Studies in Nitri¬ 
fication, W. A. Withers and A. L. Field. Phenylsemicarbazone of Tetra- 
hy dro xynaphthalehe, A. S. Wheeler and V. C. Edwards. Neutral Solu¬ 
tions of Ammonium Citrate, J. M. Bell. A Study of Dammar Resin, C. 

H. Herty and C. B. Carter. Rromlnation of 0-Hydrojuglon, A. S. 
Wheeler and L. B. Rhodes. Action of Ammonia on Arsenic Iodide, J. T. 
Dobbins. Studies in Toxidty of Cotton Seed Meal, W. A. Withers. 
Frothing in Crude Fiber Determinations—A Method for Preventing It, 

J. M. Pickel. Methods of Adiabatic Colorimetry, J. M. Bell and W. A. 
Rudisill. An Electrical Contact Vapor-pressure, Thermoregulator, A. L. 

Field. The Resene of* Pinus Heterophylla, C. H. Herty and V. A. Coulter. 

A Volumetric Method for Arsenates, J. M. Bell and A. J. Flume. Report 


of the Rochester Meeting, C. H. Herty. 

Rhode Island Section. 49 

A Study of r-Tribromphenyl Propiolic Add, Norman E. Holt. 

Detroit Section. 49 

The History and Present Status of Food Preservation, William D. Rich¬ 
ardson. 

New Haven Section. 49 

The Methods of Photographic^Research, with an Account of the New Re¬ 
search Laboratory of the Eastman Kodak Co., C. E. K. Mees. 

Puget Sound Section. 49 

The Present Status of the Electric Furnace in the Iron and Steel Indus¬ 
tries, J. H. Linton. Electridty in the Field of Metallurgy, B. H. Ben¬ 
nett. 

Chicago Section. go 

Rochester Section.'. 50 

Some Aspects of the Electro-Chemical Incjustry, F. A. Lidbury. The 
Nature of Overvoltage and Its Function ip Etectrolysis, J, I. Crabtree. 

New York Section.& .. 50 

Opening Up the Field of Unused Bptau nta, Chas. Baskerville. The 
Present Status of Cobalt, H. T. KaJPus. The Present Status of Boron, 

E. Weintraub. The Present Status of Tungsten, R. W. Moore. 

Connecticut Valley Section. 50 

The Manufacture and Manipulation of Optical Glass, H. E. Howe. 

Cleveland Section. 50 

Theodore William Richards—President of the Sodety, H. C. Chapin. 
Physical Chemistry in the Service of the Manufacturer—A Symposium, 

N. K. Cheney, W. C. Moore, W. R. Mott, W. G. Wilcox. 


American Beers from a Chemical and Biological Viewpoint, J. Lainson 
Wills. * 

Washington Section.... 3 * 

Artificial Sperrylite, F. P. Dewey. Potash from Kelp, F. K. Cameron. 

Note on a New Extraction Apparatus, P. H. Walker. 

Lexington Section.*. 5 * 

Note on a Specimen of “Black Hand" Ore from the Steams Coal Com¬ 
pany's Mine and oh the. Ratio of Calcium and Magnesium, in Ferrous , 
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Carbonate Ores, A. M. Peter. An Indirect Separation of Caldu f anA 
Strontium and of Lithium from Sodium and Potassium, S. D. Averitt. 
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Chemistry. Technical Applications of Colloid Chemistry. 
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By-Product Coke Ovens, Wm. H. Blauvelt. 
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The Chemical Theory of Cancer, A. E. Hertzler. First Aid to the Injured 
for Chemists, W. H. Bailey. 
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Some of the Problems of the Cyanamid Industry and their Industrial 
Solution, E. J. Pranke. 

Deceased Members. 53 

April, 
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Recent Developments in the Chemistry of Gold, Victor Lenher. 

Indiana Section. 37 

Recent Developments in the Chemistry of Kolloids, Wolfgang. 
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The Fixation of Atmospheric Nitrogen, Arthur A. Noyes. The Manufac¬ 
ture of Citrus By-Products in Sicily, Ed. MacKay Chase. 

Northeastern Section. 57 

Fixation of Atmospheric Nitrogen by Means of Boron Compounds, John J. 
Elbert. 

Louisiana Section. 57 

Ceramic Problems, Paul B. Cox. 

Philadelphia Section.*. . 57 

The New Era in Chemistry, Harry C. Jones. Paint as an Engineering 
Material, Maximilian Toch. 

California Section... 57 

An Ammonium System of Adds, Bases and Salts, Edward C. Franklin, 

Rhode Island Section. 5 ® 

Constructive and Destructive P roc es se s in Plants, Harlan H. York. 

Michigan Section.*. 5 * 

Some Os mo tic Experiments with Porcelain Membranes, F. E. Bartell, 

vtiroit section....... . ^ 

Some Organic Syntheses, Fritz B. Stockelbach. 

New Haven Section. 5* 

Com Molds and Their Relation to Pellagra, Carl L. Alsberg. 

Puget Sound Section....*. 58 

Testa on Paving Bricks and Brick Beams, *E. J, Bortells. 
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Oregon Section.*... 58. 

the Organization and Activities of the Oregon Bureau of Mines and Geol¬ 
ogy, H. N. Lawrie. 

Rochester Section...*. «... 59 

Thermit—the Theory and Practical Application, W. R. Hurlbnrt. The 
Application of Chemistry to the Baking Industry, David Coxford. 

Pittsburgh Section. 59 

Technical Applications of Colloid Chemistry, Wolfgang. 

New York Section. 59 

The Existence of Free Radicals, M. Gomberg. 

University of Missouri Section. 59 


Studies in Growth, P. F. Trowbridge. Lime Requirement of Soils by Means 
of the Hydroxides of the Alkaline Earths; The Matter and Energy Metabo¬ 
lism of Animals at Constant Weight with Respect to the Active Tissue 


and the Surface Area, C. R. Moulton. 

Connecticut Valley Section... 60 

The Progress in Our Knowledge of the Atom, E. W. Morley. Discussion: 
Corrosion of Metal by Water. Discussion: Use of Electrical Apparatus 
in the Laboratory. 

St. Louis Section. 60 

Fire Risks in Chemical Factories, Mr. Dodge. Discussion: Standardiza¬ 
tion 6f Weak Solutions, Chas. E. Caspari. 

Lexington Section.*... 60 


Metallurgy as Applied to Sheet and Pure Iron, W. R, Fleming. 

Cincinnati Section. 
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Principles and Methods of Modern Photochemistry, Harry A. Curtis. 
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Place in the Curing of Cigar-Leaf Tobacco, W. W. Garner, C. W. Bacon, 

C. L. Foubert. A Laboratory Routine Auxiliary to Sugar-Beet Breeding, 

W. Blair Clark. Carbohydrate Transformations in Sweet Potatoes dur¬ 
ing Storage, H. Hasselbring. 

Syracuse Section. 61 

A Chat on the Development of the Plate, E. J. Wall. Electrochemical 
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Harvey. 
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The Manufacture of PortlawJ Cement, Wmu M. Kinney. 

University of Michigan Section. 61 
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Chicago Station.f. 61 

WoofMMhvatkm, Clyde H. Teesdale. 
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Jpltjetk Rubber, J. T. McGill. The .Enforcement of the National Food 
* jfcd Drugs Act, R. W. Balcom. 

Kansas City Section............ 61 

European Chemists and Their Labor a t ori es, William McPherson. Arid « 
Intoxications of the Body, W. W. Brown. 
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Oregon Section . , 

The Application of Chemistry to Foundry Practice, W P. Schuck Inosite 
Phosphoric Acid in Plants, R A Dutcber 
Puget Sound Section 84 

The Cultivation of Drug Plants, Arthur Linton Cascara Sagrada, Its 
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Proceedings. 

GENERAL SOCIETY MINUTES AND REPORTS. 

On November 21, a nominating ballot was sent to all members of the 
Society as required under the Constitution, the following being the nomi¬ 
nees of the membership sent to the Council for election: 

President: T. W. Richards, C. H. Herty, L. H. Baekeland, W. E. Hen¬ 
derson. 

Councilors-at-Large: C. H. Herty, Julius Stieglitz, L. H. Baekeland, 
W. L. Dudley, H. G. Byers, E G. Love, S. L. Bigelow, R. H. McKee. 

The ballot was counted by a committee consisting of C. L. Parsons, 
Percy S Walker and S. S. Voorhees, assisted by seven other members 
of the vSociety. 

The result of the election by the Council mil be found in the Council 
minutes. 

Report of the Secretary of the American Chemical Society for the 

Year 1913. 

The rate of growth of the American Chemical Society, during the year 
1913, has shown sonic falling off from that of 1912, when special interest 
was awakened among chemist^ of the country on account of the meeting 
of the Eighth International Congress of Applied Chemistry. Howelfr, 
the Society has maintained a healthy growth of 454 members for the year. 
The membership of the Society at the end of 1912 was 6,219. It is now 


6,673 • Statistics follow: 

Honorary members. ... 14 

Life mem 1 ^rs 13 

Corporation members 64 

Members . .. .6 582 

Total. v .. 6,673 


During the year the deaths of the following members were reported 
to the Secretary: E. S. Renwick, New York Citj; J. B. Smith, Williams¬ 
burg, Mass.; Belle F. Schulman, Brooklyn, N. Y.; R. C. Burris, Carnegie, 
Pa.; F. A. Blaicher, St. Louis, Mo.; E. F. Killings, Boston, Mass.; T. P. 
Cook, New York City; E. E. Dunlap, Philadelphia, Pa ; O. C. Johnson, 
Ann Arbor, Mich.; Dr. Fred’k Schniewind, New York City; T. E. Senior, 
Boston, Mass.; M. McMurtrie, New York City; L. D. Gilbert, St. Louis, 
Mo.; J. R. Mitchell, Ft. Worth, Texas; 0 . T. Klooz, Chicago, Ill.; W. F. 
Jones, Chelsea, Mass.; W. J. Evans, New <ork City; E. A. Byrne, Wash¬ 
ington, D. C.; T. E. Smith, Weehawken, N. J.; C. J. Lawler, Brooklyn, 
N. Y.; H. H. Sutro, Jersey City, N. J.; O. W. Knight, Portland Maine; 
Arthur Edgar , White Haven, Pa.; Louis Gilbert, Santa Rosa, Cal. 
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The an other of members not in arrears registered in the Local Sections 
on December r, 191a, was 4,674; the number on December 1, 1913, was 
54069. The number in each Section for 1912 and 1913 is noted below: 
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TBfc table gives a summary of the sectional accounts for the year, shows 
the number of members m each Section for the present year and during 
1912* the funds held over from 1912 account, and the total funds (which 
include the balances) charged to the 1913 account 
Dtiring the fiscal year, December i, 1912, to December 1, 1913, the Secre¬ 
tary has made collections to the amount of $71,825 89, divided as follows 


Membership dues 

$62,158 00 

Subscriptions 

4,998 00 

Back numbers 

2,417 95 

Postage 

95 i 09 

Reprints 

681 85 

Exchange 

19 79 

Interest 

399 21 

Life membeiship 

200 00 


$71,825 89 


This amount was duly transmitted to the Treasurer of the Society 
The sales of back numbers during the past year has increased rather 
than diminished as had been expected This is due to the fact that ef¬ 
forts have been continually made to induce libraries to pu hase complete 
sets, and owing to the fact that the subscription list is continually enlarg¬ 
ing, and purchasers desire early numbers as well 
Several complete sets have been sold to foreign and domestic libraries 
and several incomplete sets have been completed by the purchase of odd 
volumes where they could not be furnished from stock The stock has 
been kept m good condition by the purchase of numbers needed to com¬ 
plete full volumes and by reprinting three small numbers issueu in the 
early years of the Society A few complete sets are still available for sale. 
Back numbers are mailed direct from Easton, Pennsylvania, on orders 
sent out through the Secretary’s Office The following is a summary of 
the back numbers sent ou* by the Secretary during the year, together 
with the present stock of Journals and the condition of the Society's 
mailing lists 

Copies of the Society’s publications sent out front December x, 


1912, to December 1, 1913. aside from mailing lists 26 438 

Copies of the Jour Amer Chem Soc in stock 2^,483 

Copies of the Chemical Abstracts in stock * 7,994 

Copies of the Jour Ind & Eng Chem m stock 7,522 

Copies of the General Index, Vds 1-20, J A C S in stock 430 

Copies of the Anniversary Number m stock 267 

Mailing list for both Journals and Chemical Abstracts 6,212 

Mailing list for Chemical Abstracts only J ®7 

Mailing list for Jour Amer Chem Soc only 443 

Mailing list for Jour Ind & Eng Chem only 361 


The Secret a r y wishes to e xpress his appreciation to the members of the 
Society for their continued assistance and loyal support of his efforts to 
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«dg»«ri*ter the duties of hi* eflioe; without wfcfa&Jittle could have jbtea 
acoomphfibecL Respectfully subnjitted, •« * 

Ceaelbs L. Paesons, Secretary. 

Report of the Editor of the Journal of die American Chemical Society 
for the Tear 19x3. 

During the years 1912 and 1913 papers and book reviews have been 
published as follows: 




Paget. 

Number < 

it paper*. 


1912 

1913 . 

1912 . 

1913 . 

Proceedings. ....... 

. 132 

«4 

... 

... 

Physical and Inorganic. 

. 948 

1039 

126 

107 

Organic and Biological. 


8x8 

88 

XXI 

Book Reviews. 

. 61 

75 

69 

35 


During the past year 13 papers have been referred to the Editor of the 
Journal of Industrial and Engineering Chemistry as more suitable for 
publication in that journal than in the Journal of the American Chemical 
Society . Fifty papers have been returned to the authors for revision or 
because they were not considered suitable for publication. Nineteen 
papers have been published after revision. 

The Board of Editors has recently decided by a decisive, though not 
unanimous, vote, to return to the conventional spelling in the use of the 
final “e” in such words as medicine, alkaline, urine, etc. The following 
reasons have led to this decision: 

1. The opposition of a number of our contributors, including several 
who have given us some of our most important papers. 

2. Because in such words as crystalline, alkaline and some others, two 
pronunciations are in good usage, the long “i” being used in England, 
and in some parts of the United States, while the short 14 i ” is, on the whole, 
in common use in America. In such a case one is in doubt whether to 
use the “e” or to drop it. 

3. About thirty years ago the Chemical Society, London, adopted the 
rule that the names of basic substances, such as aniline and strychnine, 
should be spelled with the “e,” while names of substances which are not 
bases, as paraffin, and stearin, should drop the “e.” This rule has come 
into universal use in England, and has always been used both in our Jour¬ 
nal and in the American Chemical Journal . Because of this rule our rule 
* No* 6. makes an exception in the case of chemical names. Such an excep¬ 
tion is illogical, but I should £e very sorry indeed to drop the “e” from 
such words a& aniline and glycine, on account of the English usage, as weB 
as because of the useful distinction which is made by retaining it 

4. The dropping of the final would logkaltycompd us todt^pitin 
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suds. a word as surplice, but this seems impossible, unless we spell the 
word surplis. 

Two members of the Board of Editors, Professors A. A. Noyes and H. P. 
Talbot, have recently withdrawn from the work of the Board, at their own 
earnest request. Each of these men has given to the Society a very large 
amount of unselfish work and their careful criticism of papers has aided 
very greatly in maintaining a high standard of excellence for our Journal. 
We are very fortunate in securing the addition of Professor W. Lash Miller, 
of Toronto, to the Board. 

Last spring President Remsen told me that he would be willing to have 
the American Chemical Society continue the publication of the American 
Chemical Journal after the completion of the fiftieth volume of that 
journal, which closed with the December number of 1913, provided some 
satisfactory arrangement could be made. Various methods of consolida¬ 
tion were discussed during the summer and a scheme wluch involved also 
the Journal of Physical Chemistry was brought informally before the Council 
by correspondence. At the Rochester meeting it was voted by the Coun¬ 
cil that the Americal Chemical Journal should be incorporated with the 
Journal of the American Chemical Society , provided such an arrangement 
was satisfactory to President Remsen and the consolidation could be made 
without separate pagination. 

After this action had been taken, a number of members of the Organic 
Division expressed a strong desire that the American Chemical Journal 
should be continued under the auspices of our Society as a separate jour¬ 
nal and made our organ for the publication of papers in organic and bio¬ 
logical chemistry. A postal card vote among the members of the Organic 
Division gave the result that 88% of those voting were in favor of separate 
publication for the American Chemical Journal. After presentation of 
the matter to the Board of Directors and Council, however, it has been 
decided by both bodies that separate, publication is inadvisable at the 
present time. The opposition is based chiefly on the opinion of the Board 
of Directors that it would be financially impossible to furnish four journals 
to the members of our Society without an increase in the dues. In accord¬ 
ance with the action of the Directors and Council, the American Chemical 
Journal will be incorporated with our Journal as an integral part, begin¬ 
ning with January, 1914, and this incorporation will be indicated by a 
statement on the cover of the Journal. W. A. Novas, Editor . 

Report of the Editor of Chemical Abstracts for the Tear 1913. 

In order to keep Chemical Abstract r from exceeding its appropriation 
in 1913* H was found, early in the year, that it would be necessary to 
nfokf the abstracts shorter then ever before. The growth of the litera¬ 
ture has been such that 3,285 more abstracts than were printed last year, 
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required publication. In spite of the domination of several hundred 
abstracts of doubtful value, the limit of 170 pages per issue which our 
budget allowed, has crowded the average abstract into o. 173 page. The 
history of the reduction in length of abstracts is best illustrated fol- 


lows: 

Pages (blanks 

No. of 

Length of 

Pages 

No. of 

Length of 

Ymt. 

onittad). 

abstracts. 

abstracts. 

patents. 

patents. 

patent 

1907 

2584-4 

7 >975 

O.324 

462.0 

not 

... 

1908 

2928.5 

10,835 

O.270 

355-3 

counted 


1909 

2565.5 

n .455 

O.224 

363.8 

3806 

0.096 

1910 

2894-9 

13,006 

O.223 

387.0 

3754 

0.103 

X 9 S 1 

5260.5 

15.892 

0.205 

34 *-8 

5014 

0 X 08 

19XS 

2888.6 

15.740 

O 183 

S 37 5 

6919 

0.077 

W3 

3292.5 

* 9.025 

0 173 

576.4 

6946 

0 083 


The main and important cause of this steady reduction is of course the 
increasing volume of literature abstracted. To the 598 journals on our 
list in 1912, 35 have been added and some of the new ones are very valua¬ 
ble. From the table below it may be seen that the balance of depart¬ 
ments has been fairly well preserved. The large increases in numbers of 
abstracts have been in the larger departments and the largest reductions 
in length of abstracts have been so distributed. During 1914 our policy 
will be to exclude more than ever the material which is hardly chemical. 
On the other hand, we had hoped to increase our foreign patent depart¬ 
ment; to make foreign patents approximately complete, at least 2000 
more should be printed. How this can be done and the 170-page limit 
be maintained is not yet clear. 

In order to save expense in printing, the policy was adopted this year 
to give the first authors name only, in the parenthesis after the entry 
in the Subject Index. For the same reason, in 1914, the black face titles 
of abstracts will be printed all lower case. 

W. H. Ross has assumed the work of Herman Schlundt in Radioactivity; 
in Mineralogical and Geological Chemistry R. C. Wells resigned in favor 
of Edgar T. Wherry, and in Soils and Fertilizers M. X. Sullivan is assisting 
F. P. Veitch, For the faithful service of the older men the Society is 
deeply indebted and for the enthusiasm and energy of the new assistants 
the editors are truly grateful. 

By the faithful work of the entire office fonce and the cooperation of the 
assistant editors, abstractors and printers, the Annual Index, which is by 
far the largest of its kind in the world (containing 82,000 entries), will 
this year be in jprint in December and at the same time include the max¬ 
imum amount possible of the year's chemical work. 

The summary by departments is as follows: 
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No pages. 

No abstract* 

Apparatus 

41 9 

365 

General and Physical Chemistry 

350 2 

1807 

Radioactivity 

65 4 

333 

Electrochemistry 

67 2 

416 

Photography 

14 6 

toi 

Inorganic Chemistry 

90 6 

417 

Analytical Chemistry 

109 8 

55 i 

Mineralogical and Geological Chemistry 

67 3 

496 

Metallurgy and Metallogriphy 

109 3 

808 

Organic Chemistry 

597 2 

1651 

Biological Chemistry 

841 3 

5477 

Poods 

109 9 

716 

Water, Sewage and Sanitation 

80 1 

69X 

Soils and Fertilizers 

76 6 

578 

Fermented and Distilled Liquors 

44 3 

286 

Pharmaceutical Chemistry 

izi 9 

825 

Acids, Alkalies Salts and Sundries 

15 5 

191 

Glass and Ceramics 

43 9 

386 

Cement and Other Building Materials 

50 2 

360 

Fuels, Gas and Coke 

59 0 

500 

Petroleum, Asphalt, Coal Tar and Wood Products 

51 1 

322 

Cellulose and Paper 

30 9 

176 

Explosives 

37 7 

217 

Dyes and Textil Chemistry 

50 1 

267 

Pigments, Varnishes, Resins and India Rubber 

65 8 

418 

Fats, Fatty Oils and Soaps 

32 0 

223 

Sugar, Starch and Gums 

49 2 

296 

Leather and Glue 

29 5 

151 

Total, not including patents 

3,292 5 

19,025 

Patents 

576 4 

6,946 


3,868 9 

25,971 

Headings, blanks, cross references, book titles 

227 1 

4,096 0 



Respectfully submitted', 

Austin M. Patterson, Editor. 

Report of tfao Editor of the Joumsl of Industrial and Engineering 
Cgtttfttstry for the Year 19x3. 

The Journal of Industrial and Engineering Chemistry published 1052 
pages of reading xna p t# ^ , deluding index, and 604 pages of advertise¬ 
ments in the 1913 vom. Of a total of over 850 articles published, 
more tban 300 were ab*ect contributions by authors The following 
table gives a summary of the work of the Industrial Journal for the past 
three years: 
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19 * 1 . 

1913 . 

1913 , 

Paget in editorial section. 


946 

105a 

pages in advertising section. 

. 158 

494 

60s 

Total pages printed.... 

.1128 

1440 

1656 

Editorials. 

. 30 

19 

28 

Original papers. 

. 140 

160 

179 

Addresses. 


37 

57 

Laboratory and Plant articles. 

.r 28 

55 

43 

Book Reviews. 


53 

5 * 

Patents. 
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The additional material in the 1913 volume is made up of Current In¬ 
dustrial News, Scientific Society Reports, Notes, Abstracts from Govern¬ 
ment Reports, and general correspondence. 

The Associate Editors have been of the greatest possible assistance, 
both in passing on the value of the papers submitted and in working in 
the interests of the Journal. The full responsibility of determining the 
quality of the original contributions submitted in their respective 
fields has been placed upon them, and their decision has been final. The 
quality of the original matter published in the Journal will always depend 
largely upon the judgment of the Associate Editors, and it is essential 
that this Board be held in its present high state of efficiency. 

Authors are again urged to exercise greater care in the preparation of 
their papers. Figures, formulas and references should be verified on the 
copy before it is sent in and not on the proof. Proof changes by the auth¬ 
ors or editors are made at the expense of the Society. Authors are also 
urged to condense their material. Illustrations are advised wherever 
possible, as they are preferable to lengthy descriptions and are usually 
easier to understand. 

During the year, the contract for printing the Industrial Journal has 
been entirely revised, with a view to establishing a more equitable division 
of the costs of production of the various items, and ther^y liable us to 
Compile some intelligent cost figures and also to possible direc¬ 
tions for economies. <if ' 

The Industrial Journal t with its constant#* growing circulation, both 
in this country and abroad, will continue to attract advertisers in increas¬ 
ing numbers. 

The editors are improving every effort to improve and strengthen the 
editorial section of the Industrial Journal , and hfifus, as in all other fea¬ 
tures of its development, We need the codperatioh of every member of 
the American Chemical Society. *M. C, Whitaker, Editor. 

Treasurer’s Report* * 


ftalanre on hand, Dec^t, 191a 

From Sectary’s office.. 

From Kdvirtiiio,-..,... 


ucjorn 


$71,825-80 
19,901.51 


* 4 .•ST.** 
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Prom Interest 

Formers Loan & Trust Co 
Certificate of deposit 
xst National Bank, Yonkers 
Prom interest on investments 
Atlas Portland Cement Bonds 
Prom interest on special funds 
Special investment fund 
Life membership fund 


Morris Loeb Endowment Fund 

ASSETS 

Special Investment Fund 

$2000 3*/t% N Y City gold bonds due 1915 
$10 000 U S Steel Corp gold bonds 1963 

Atlas Portland Cement Co bonds 6% 

Life Membership Fund 

$1,000, 3 l /t% N Y Cit> gold bonds due 1928 
$2,000, 6% Mutual Telegraph Co bonds due 1941 
Emigrant Savings Bank 

Balance Farmers Loan & Trust Co 
Balance First National, Yonkers 


LIABILITIES 

Life Membership Fund 
Excess assets over liabilities 


I/ISEUKjEMENTS 

Journal, Editor’s salary 
Assistance to Editor 
Expense 

Printing Editorial 
Printing, Advertisements 
Reprints 

Chemical Abstracts, Editor's Salary 
First Associate Editor 
Second Associate Editor 
Assistance to Editor 
Expense 
Abstractors 
Printing, Editorial 
Printing, Advertisements 


96 63 
300 00 
24 59 

120 00 

570 00 
135 00 

- 92,973 64 

$97 030 85 

$25,000 00 


$1 950 00 
10 075 00 

- $12,025 00 

2,040 00 

$895 00 
2 I2f 33 
388 22 

- $3,411 55 

$5,4i3 25 
2,901 73 

- 8,314 98 

$25 891 53 

388 27 
$25,503 31 


$25 891 53 


$T,00P 00 
237 OO 
129 09 

9,034 35 
334 59 
731 03 

- $11,466 06 

$500 00 
1,700 00 
1,200 00 
2,232 99 
628 78 
8,147 22 

22,381 32 
4^8 3 j 

- $37*258 64 
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v , 

Jour. M. fr Eng- Chm., Editor's Salary 

Aadstaat Editor. 

Expense. 

Clerical. 

Reprints. 

Printing, Editorial. 

Printing, Advertisements. 

Advertising Commission, H. P. Mack_ 

Salary, Advertising Manager. 

Expense. 

Secretary's Office, Clerical. 

Expense. 

Commission on collections. 

Treasurer's Office Salary. 

Expense. 

General Meetings. 

Local Sections. 

Rack Numbers. 

Incidentals. 

Committee on business organization. 


Life Membership Fund. 

Balance on hand, Dec. r, 1913 


. $ 1 , 000.00 ( 
1 , 337-50 
95254 
1,03a.00 

1,489.42 

11,318.26 

• 4,704.10 
-$21,83362 

441.09 

• $3,635.03 

51315 

- $ 4 »i 48. 1 8 

$2,218.32 
1,532.69 
- 3.591.29 

- $ 7 , 342.30 

300 00 
. * 400.00 

- $ 700.00 

654.51 
3,406.31 
689.37 
308.69 
232.10 

$88,480.87 

23^.00 

8,314.98 

$97,030.85 

A. P. Hauock, Treat. 


BOARD DIRECTORS. 

The Directors of the American Chemical Society met at the Chemists' 
Club, New York City, Monday, November 24th, $t eight o'clock, P. M., 
with Messrs. Little, Love, Hallock, Smith, Bigelow, Bogert, Parker, and 
Parsons, present. 

It was voted to accept the invitation of the Cincinnati Section and the 
Cincinnati Chamber of Commerce to hold the Spring meeting of the So¬ 
ciety in Cincinnati, near the middle of April, the exact date to be settled 
by the Prudent and Sectary. 

It voted that thedate of the Fall meeting, to be held in Montreal, 
shaft he {September (H*x. 

It was voted thg&aoo copies of the January Journal of Industrial ami 
E ngtmm ng be donated to the Eighth International Congress 

0$ Applied ChoMtry, and that the cost of these extra 200 copies be 
to fhcJEccouat of Incidentals. 

0 ti was v$ted that the recommendation of Editor Whitaker that 
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print* without covers be standardized for the Journal of Industrial and 
Engineering Chemistry be approved 

It was voted that reprints furnished to authors above the 50, now given 
gratis, be supplied to them at a price as near to the actual cost of printing 
and distributing as possible. 

It was voted that the life membership fund, together with all income 
from that fund up to January 1, 1914, be capitalized as a life member¬ 
ship fund and that thereafter the income from this fund be used first to 
pay the dues of the living life members, and that any balance be set aside 
for research grants 

It was voted that the Secretary and Treasurer transfer annually from 
the income of the hfe membership fund to the general fund of the Society 
an amount equivalent to the dues of the life members 

It was voted that the communication oi K J Giblmg, of October 25th, 
in regard to the charges for classified advertisements and the question of 
the number of insertions permitted to paid members of the Society seek¬ 
ing employment be referred to the Advertising Committee with power. 

In response to the request of Dr Charles Baskerville, Chairman of the 
Committee on Business Methods, for funds to defray the 1 penses of the 
members of that committee in attendance at a meeting to be held in New 
York, it was voted that a sum, not to exceed $250, be appropriated from 
funds in the treasury of the vSociety, not otherwise appropriated, to de¬ 
dray the expenses of the committee, provided such expenditures result 
in the attendance at such meeting of a working majority of the commit¬ 
tee. 

It was voted that T J. Parker be authorized to represent the American 
Chemical Society at a meeting to be held before the Surrogate of the County 
of New York at the Surrogate’s office, on the 31st of December, 1913, m 
regard to any business covering the interests of the American Chemical 
Society in the estate of the "ate Morris Loeb 

The following budget was then adopted for 1914 
Budget for 1914. 


receipts 

Secretary’s office $72,000 

Advertisements 20 » 000 

Interest t,ooo 


Total $ 93 .ooo 

EXPENDITURES 

Journal American Chemical Society 

* Editor’s salary * $ * • °oo 

«Expenses, including reviews . 600 

* Printing, including reprints 14.400 

It 


Total 


$16,000 
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Chemical Abstracts: * 1 

B4itor'« salary. .... *... jocrifl 

First assistant editor's salary.. 2,00a 

Second assistant editor's salary. 1,400 

Clerical assistance. 3,550 

Expenses. 600 

Abstractors and department heads... 8,450 

Printing, including index..*. 34,500 


Total...$40,000 

Journal of Industrial and Engineering Chemistry: 

Editor's salary. 1,000 

Assistant editors' salaries. 2,590 

* Clerical and office expenses. 1,836 

Printing, editorial. 1 1,500 

Printing, advertisements... 6,600 

Total.A_$23,526 

Advertising manager. $ 5,000 

Secretary's office: 

Collection commissions. 3,500 

Expense... 1,600 

Clerical.:. 2,600 

Treasurer’s office: 

Salary. 300 

Expense. 400 

President’s office. 50 

Local sections. 3,800 

General meetings. 600 

Incidentals. 800 

Back numbers. 600 

Grand total.$98,776 


It was voted that the collection commissions of the Secretary's office 
shall not exceed the annual sum of $3,500. 

The meeting then adjourned. 

Charles L. Parsons, Secretary . 
COUNCIL. 

President Little has made the following appointments: 

Officers of«the Section of Water, Sewage and Sanitation, Edward Bar* 
tow, Chairman, and H. P. Corson, Secretary, 

' Delegates to the meeting of the American Road Builders' Association, 
held in Philadelphia, December 9, 10, 11 and 12th, Clifford Richardsop, 
Charles L> Reese am) Provost Hubbard. 

On November 19, a nominating ballot for Directors was sent to the Coun¬ 
cil, the foQowing&eing the four, leading nominees which, according to ffee 
Constitution, are sent to the Cmmdi again ftp the selection of two: 
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M* T. Bogert, T. J. Parker, H. P. Talbot, A. D. Little. 

TUb ballot was counted by a committee consisting of C. L.. Parsons, 
Percy S. Walker, and S. S. Voorhees. 

Od November 28, these nominees were sent to the members of the 
Council and also the nominees for President and Councilors-at-Large, 
as selected by the membership. (See General Society minutes.) As a 
result of this ballot, the following officers were elected: 

President, T. W. Richards for the term January 1, 1914, to January 
1, 19 * 5 - 

Directors, M. T. Bogert and A. D. Little for the term January 1, 1914, 
to January 1, 1917. 

Countilors-at-Large, C. H. Herty, Julius Stieglitz, L. H. Baekeland, 
W. L* Dudley for the term January 1, 1914, to January 1, 1917. 

This ballot was counted by a committee consisting of C. L. Parsons, 
Gilbert Rigg and J. D. Davis. 

On November 21, 1913, the following communication was sent to the 
Council: 

AMERICAN CHEMICAL SOCIETY. 

Washing ion, D. C. 
box 505, 

Council of the American Chemical Society. November 21, 1913. 

Gentlemen. 

I am sending you herewith a communication from Dr. W A. Noyes; President 
Little's reply thereto; and the comments of each Director thereon, the last of which 
reached me only this morning. 

While the Directors feel that the matter has been fully covered and the majority 
doubt the necessity or expediency of this communication, President Little has deemed 
it wise to direct me to send it to the Council to meet Dr. Noyes’ wishes in the mattei, 
and to leave no doubt as to the advice which the whole body would have given, had 
they been assembled in Rochester. 

Par your information the following is included: 

At the Rochester meeting tK following votes of the Directors were spread on the 
minutes: 

"It was voted that whereas Dr. W. A. Noyes has submitted to the Directors a 
scheme for the consolidation of the American Chemical Journal and the Journal of 
Physical Chemistry with the Journal of the American Chemical Society , the Directors 
are at present of the opinion that the only scheme of consolidation practicable is one 
whereby the Journal of the American Chemical Society keeps its full name and volume 
numbers, to which may be Added, in smaller type, for a limited number of years, the 
words: ‘with which has been incorporated thuteimefkan Chemical Journal and the 
Journal of Physical Chemistry ,' one or both* whip* continuing the volume number of 
either Journal." * ?r ' > 

This vote was transmitted to the Council and the advice of the Council asked. 
The Council voted on September 8th as fodowsf * 

* • it is the sense of the noting President Remsen’s consent, 

th» American Chemical Journal be .Incorporatefwfc the Journal of the American 
Chemical Society provided it can be stole under the title of the Journal of the American 
C he mic a l Society, and without separate pagination" * 



Tb* day after tke Council me et ing , Dr. Noyes appear ed with Dr. John ^Long 
and Dr. flCVeat B. Johnson, and argued before the Directors in favor of conthnAg the 
America* Chemical Journal. The Directors then voted: 

“That they are in entire accord with the advice of the Council as recorded in the 
Council minutes of September 8, and they are not in favor of continuing, at Jbfie ex¬ 
pense Of the Society the American Chemical Journal as a separate publication or of 
combining it with the Journal of the American Chemical Society, with separate Imagina¬ 
tion. It was voted that, if President Hansen should favor placing the word* ‘with 
which has been incorporated the American Chemical Journal, founded by Ira R#msen,' 
in, smaller type, beneath the title of the Journal of the American Chemical Society, 
during his life, the President and Secretary are authorized to agree to such incorporation, 
provided the American Chemical Journal is discontinued." 

Following the meeting the Secretary entered into communication with Prtsident 
Remsen, and a definite agreement was arrived at according to the vote of the Diltectors, 
and confirmed by President Remsen and President Little, this agreement beiqg that 
the American Chemical Journal shall be discontinued with the December number, 
and that the words “with which has been incorporated the American Chemical Journal, 
founded by Ira Remsen," shall be placed during the lifetime of President Remsen 
in smaller type, under the titie of the Journal of the A merican Chemical Society. This 
agreement will be found announced in the November Journals of the Society. 

Kindly cut off the slip at the end of this communication and mail it to me in the 
enclosed ballot envelope to reach me on or before December 12th. 

Very truly yours, 

Charles L, Parsons, Secretary. 


To the Council of the American Chemical Society. Urbana, Ill, October 25, 19x3. 

Dear Sirs: 

At the Rochester Meeting of the American Chemical Society the Council voted 
“that it is the sense of the meeting that, with President Remsen’s consent, the American 
Chemical Journal be incorporated with the Journal of the American Chemical Society, 
provided it can be done under the title of the Journal of the American Chemical Society, 
and without separate pagination." 

This proposal has been approved by President Remsen and it has been agreed to 
add on the title page of our Journal the words “ With which ^ incorporated the American 
Chemical Journal, founded by Ira Remsen ” 

At the time of the Rochester Meeting some members of the Organic section ex¬ 
pressed a very strong desire that the American Chemical Journal should be continued 
as a separate journal, and made the organ of the Society for the publication of articles 
in Organic and Biological Chemistry.* The Journal of the American Chemical Society 
would, at the same time, become our organ for the publication of articles in General, 
Physical and Inorganic Chemistry. The title page of the American Chemical Joi^nal 
might read somewhat as follows : 

Vol. 51. # * .American i t 

Chemical Journal 
Foundfed by Ira Remsen 

Editor. Associate Editors_ !... 


• * • 

Contents 
: atftfi Biological 





Published bydfo fofatttom Cfamfeal Society. Eaftou. pg. 


v 

* 

■*r 
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The title page of the Journal of the American Chemical Society would remain es¬ 
sential!^ as at present except that the division of organic and biological Chemistry would 
be occulted. 

Shortly after the Rochester Meeting an inquiry was sent out by the Secretary 
of the Organic Section to the members of the Section. 150 replies have been received. 
133 are in favor of separate publication of the American Chemical Journal; 17 are 
opposed. 

Several prominent biological chemists have expressed themselves as in favor of 
separate publication, but no vote has been taken in that section. 

I, accordingly, present the following motion for action by the Council: 

"That the Board of Directors be requested to arrange for the publication of the 
American Chemical Journal during the year 1914 as the organ of the Society for Organic 
and Biological Chemistry.” 1 

I make the motion to cover a period of only one year because our agreement with 
President Remsen is such that if reasons should arise which make the continuation of 
separate publications undesirable we are at liberty to return to the publication of all 
of the articles in a single journal. If we were to combine the two journals now, it 
would be so easy to separate them later. 

Some of the reasons in favor of separate publication are as follows: 

1. Our Journal is already too large for binding in one volume With the addi¬ 
tion of the material which now goes to the American Chemical Journal the volume 
will need to be divided and the division proposed will enable any one using the journals 
to go at once to the right volume for a given article. 

2. Some of the best work of American Chemists in the fields of organic and bio¬ 
logical chemistry is now published abroad or in other journals of very limited circula¬ 
tion. This is a serious injury to the development of work in these lines and while any 
change is likely to come gradually, the separate publication of papers of this class 
would help to thut end. 

3. For thirty-four years the American Chemical Journal has contributed greatly 
in giving to American chemists an honorable name abroad and in fostering high ideals 
for chemical research in America. It seems to many of us a great pity that such a 
journal should cdj^to exist as a separate journal. 

Some of the^qH^iQou|j| 0 ich uave been raised against separate publication arc: 

1. That we cammRRWMr to Send four journals to our members for $10. 

Our printers have furnished the following estimate of the cost of separate publica¬ 
tion, assuming the material to be published as the same, for an edition of 7500 copies: 
Extra binding per issue - . . $30 

Extra covers per issue * 4° 

Separate mailing., 30 

$100 

This would be a total expense of $1200 for the year. There need be no extra edi¬ 
torial expenses. 

The American Chemical Journal now goes to 340 libraries and institutions, and to 
103 individuals not members of the American Ch emic al Society. Assuming that 
300 of these should continue as subscribers at $5 a year, it would give us an income of 
$1500, while the cost of printing and sending these extra 300 copies would be somewhat 
less than $300. This would care for the extra expense of separate publication. Doubt¬ 
less something could be secured, also, from advertisements on the covers of the journal. 

2. It is objected that some articles belong as much in one jounud as in the other. 
WVfeave classified articles in exactly this way for several years and the question of the 




proper plicefor a given article lias very rarely caused any difficulty. It is mndk mere 
difficult 16 deckle whether an article belongs in the Journal of Ik* American Cfe m kal 
Society or In the Journal of Industrial and Engineering Chemistry , 

3. It is objected that many of our members do not care for three journals even, 
much (ess for four. If this is really true, there is no objection to allowing any member 
to stop one of the journals while still paying full dues. There might be some Raving 
to the Society in that way, but I venture to predict it would never be large. 

4. When the question of a separate pagination for the divisions of the Journal 
was brought up a year ago it was objected that we ought not to divide the Journal' 
Until there was an opportunity to secure some other journal. We now have such an 
opportunity and we ought to utilize it in the best way possible 

The advantages of separate publication seem to be very considerable and I sin¬ 
cerely hope that it may be given a trial for the coming year. 

Respectfully submitted, 

(Signed) W. A. Noyrb. 

Boston, Mass., October 29, 1913. 

D*ar Dr. NoyUs: 

- I have to acknowledge your letter of the 25th, with copy of your communication 
* addressed to Professor Parsons for submission to the Council, and I must confess to 
having read the letter with considerable surprise. 

While there is possibly, sis you say, a difference in form between your present 
proposal and that which was considered by the Council and by the Directors at Roches¬ 
ter, it seems to be, nevertheless, fundamentally and essentially the same in that it 
contemplates a division of the journals of the Society and a separate pagination for 
such matter as is allotted to the American Chemical Journal At any rate, I do not see 
that your present proposal avoids any of the objections which led to the rejection of 
the plan in the form in which it was brought forward at Rochester 

I also feel that your statement, as it stands, requires modification if it is to ade¬ 
quately represent the situation. 

Following the recommendation of the Council, it was voted by the Directors, 
as you say, that with President Remsen’s consent the American. Chemical Journal 
be incorporated with the Journal of the American Chemical Society , provided it can be 
done under the title of the Journal of the American Chemical Society and without separate 
pagination; and, as you also say, the proposal has been accepted by President Rexnsen 
and the Directors and myself regarded the matter as dosed. 

There were certain very poigmpit reasons which led to the decision of the Direc¬ 
tors, among which was the ve^Hmg feeling that having spent so many years in build¬ 
ing up the Journal of the AmeWKm Chemical Society, it would now seem suiddal to trans¬ 
fer the bulk of its material to another journal. There was also a strong feeling that 
in spite of the honorable record of the American Chemical Journal , there is at present 
no real general demand for it%continuance. If there were, it would reflect in its sub¬ 
scription list and the present sftjption would not have arisen 

You say that the title page of our own journal Would remain essentially ns at 
pr es en t, under your plan, but I think that you will admit that the Journal itself would 
be greatly weakened and its value and standing correspondingly impaired. 

I do not think that the postal card ballot conducted by Dr. Hale is entitled to jury 
especial weight in considering the matter, by reason of the extreme inadequacy of pen 
Statement submitted to the v ot ers. 

I have not at hand the number of members in the Organic Section but I should 
expect in a vote of this kmd that the large majority pf replies received would be affirma¬ 
tive, for the me m ber s who wanted the thing done would be the ones to vote, and the m 
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who K(W i ndiff erent would probably not vote at all My recollection u that the Bio* 
logical Division, as a whole, was distinctly opposed to the separate publication 

I note that your proposal w limited to one year but I feel very strongly that we 
ought not to start any publication unless we can very definitely see our way to its 
con tinuance , and having once started there would be many inconveniences in again 
combining the journals 

I think there is no question that we cannot afford to send four journals to our mem¬ 
bers for $10 The Directors considmd this phase of the matter very carefully as also 
the suggestion that the members be allowed to select three of the four It was felt 
that this would be a very dangerous proceeding which would not fail to result in great 
loss to the Society and in increased expense 

I regret that I find myself unable to accept your statement of th^c expense likely 
to be incurred by the Society if it were committed to the publication of a new separate 
journal It would certainly not be long before there was a demand for grants to cover 
editorial expenses, and I believe that the other expenses would very quickly run to a 
figure far in excess of that named by the printers 

However this may be your motion is clearly one which directly involves the finances 
of the Society and as such falls within the provisions of the vote of the Council at the 
Baltimore meeting, which you will find on page 32 of proceedings of 1909 Vol 31, 
reading as follows 

“In future no vote involving financial matters shall be taken by mail without 
being previously submitted to the Board of Directors wiio shall be allowed three weeks 
to express an opinion Failure to express an opinion within the stipulated period shall 
be construed as assent * 

Since that vote was passed the relative status of the Directors and Council has 
undergone great change, and the responsibility for such at Uon as your motion contem 
plates rests of course with the Directors and must be decided ultimately by them 
While, therefore, T feel strongly that the essential subject matter of your motion 
has already been fully passed upon both by the Council and by the Directors, I am, 
of course anxious to meet your wishes so far as I can consistently do so As I am, 
nevertheless, confident that the Directors arc not likely to change their position in the 
matter I hesitate to put the Society to the exp< nse of a Directors* meeting I have, 
therefore, instructed the Secretary to mail at once to each Director a copy of your 
motion and the letter m which it is embodied and request them to advise me of their 
views at once If these replies show any diversity which seems to indicate that 1 dis¬ 
cussion by the Directors might be profitable, I will at once call a Directors’ meeting 
In that case it may very well be that the Board will desire the advice of the Council, 
but, as you are aware. By-law 3 provides that if the Council be not m session any matter 
may be decided by the Directors Yours faithfully * 

(Signed) A D Little President 

DIRECTORS' COMMENTS 
A D Little— as per preceding letter 

M T Bogert “As to separate publication of the American Chemical Journal 
I believe it is to the best interests of the Society not to do so, and that, therefore, there 
is no occasion for reconsidering t he action of the Directors and of the Council '' 

A P Hallock “I do not see any reason for changing my opinion, nor any good 
reason why it should be again submitted to the Council 

Alexander Snath “I think that President Little's letter states the matter with 
correctne ss, and I can only say ditto to what he says Possibly to avoid 
future friction, it would do no harm to send the matter to the Council, together with the 
Dire ctors* present opinion ” » 



T, J. Parker: "Referring to letter of Prof. W. A. Noyes regarding the separate 
imbfication of the American Chemical Journal, in view- of the action of the Chtaodl 
and Di re cto r s at the Rochester meeting, I do not see how I can change my vj|e on 
the tfmtion” 

% G, Love: " In my opionion there is nothing in the communication fromfcrof. 
Noyes which calls for a reference of the matter in question to the Council after the &tion 
taken by that body at the Rochester meeting. If, however, the motion of Prof. Ifoyes 
Should be submitted to the Council and should be acted upon favorably, I have scgious 
doubts whether the affair could be successfully financed by the Society." 

W. D. Bigelow: "I have read Dr. Little’s report and Dr. Noyes' letter and fully 
agree with President Little’s reply. 

"In view of the obligations of the Society with respect to its present journals, 
which we must meet, I think a grave mistake would be made should we carry out the 
wishes of Dr. Noyes. 

"After carefully considering the matter, I feel that Dr. Nayes has greatly under¬ 
estimated the immediate cost of publishing the two Journals separately, and in addition 
we must not forget that, if undertaken, additional editors will be necessary in the near 
future." 

William Brady: "I feel sure it is the desire of all of the Directors at all times to 
act in accordance with the wishes of the Council. The Council as convened in Rochester 
did act. The question might be raised that there were only 49 members of the Council 
present and possibly all of thq Council, consisting of something over 100 members, 
would act differently. This being the case, and a desire on my part to learn the feeling 
of the entire Council in the matter, I would favor a letter ballot." 

Charles L. Parsons. "The expense curve of the Society is mounting much faster 
than the membership. 

"To increase the dues would, in my opinion, decrease the income. 

"A fourth journal can be published only at the expense of the other three One 
must consider the future, not simply the present. The articles in the present American 
Chemical Journal, together with the organic and biological matter in our own journal, 
would make a journal fully equal in size to the present Journal of the American Chemical 
Society. If the American Chemical Journal alone grew, 'our journal* would alone be 
unworthy of us. If the depleted Journal of the American Chemical Society grew again 
to its present size through the efforts of the general, physical, and inorganic chemists, 
the increased cost, instead of the $1200 mentioned would be approximately, $11,400, 
tile 1913 cost of the Journal of the American Chemical Society, for no claim has betel 
made that the editorial work could be carried without extra expense for more than a 
single year. 

"The funds asked for by the three editors for 1914 are more than $9000 over the 
last budget for our present three journals. There is no income in sight to meet even 
this increase and a fourth journal (a fifth or sixth might be desired with equal unanimity 
by other groups of specialists) is, in my opinion, out of the question. 

"Of the 343 subscribers referred to by Dr. Noyes, only 67 are not receiving the 
Journal of the Ajnerican Ckemicat Society. Of these ax are booksellers, whose clients 
axe unknown. Only one is a library or educational institution in Germany, and tjrp 
in Prance." t 

On November a 3 th, at Dr. Noyes* request, a second letter from him 
giving addition^ arguments in favor of continuing the American Chemical 
Journal was enclosed in the regular communications to the Council fat 
eketk&aof officers of that date. 4 ‘J 

Thp ballot « this w&s counted on December 12th, by § 
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committee consisting of W. F. Hillebrand, S. S. Voorhees, and C. L. Par¬ 


sons, with the following results: 

In favor of W A Noyes' motion 16 

Opposed 65 

Blank 1 

Illegal 3 

Total 85 


C L Parsons, Secretary . 
MEMBERS ELECTED BETWEEN NOVEMBER 15 AND DECEMBER 15. 
Adiassewich, Alexandre, Nadejdiuskaia, Russia. 

Alves, Henry L., 855 Hampshire St., San Francisco, Calii. 
Armstrong, Bruce, Box 42, Dixon, Ill 
Auger, Charles L., Paterson, N. J. 

Back, Robert, Bureau of Mines, Washington, D. C, 

Bacon, Rudolph F., 805 Crescent Place, Chicago, Ill 
Bailey, J. R., University Station, Austin, Texas. 

Banigan, Frank, 406^ Elm Street, Reno, Nevada. 

Becker, Reinhold S., Kodak Park, Rochester, N. Y. 

Bick, George N., 348 60th Street, Brooklyn, New York. 

Blucher, Joseph C., Box 58, New York University, Univusity Heights, 
N. Y. City. 

Booth, h. M., 58 Hudson Street, Jersey City, N. J. 

Briggs* John, 45 Purchace St., Boston, Mass 
Bullock, Jesse L., 12 Merrill Street, Cambridge, Mass. 

Burt, Raymond Arthur, 82 Morgan St, New Bedford, Mass 
Carter, Frederick E., Fuel Testing Plant, Division St., Ottawa, Ont., Can. 
Caugherty, W. E., Allegheny Steel Co., Brackenndge, Pa. 

Cullen, Glenn E., Rockefeller Institute, 66th St. and Ave. A, New York 

City. 

Dakin, H. D., 819 Madison Avenue, New York City. 

DuPont, Coleman, Wilmington, Delaware. 

Eastman, Harold M., Durham* New Hampshire. 

Eaton, Edward N., 5620 Drexel avenue, Chicago, Illinois. 

Ellett, W. B., Agricultural Experiment Sta., Blacksburg, Va. 

Enright, Bernard, 233 North 4th St., Allentown, Pa. 

Erdoes, Julius, uoo Brook Avenue, New York City. 

Fry, William H., Bureau of Soils, Washington, D. C. 

Funchess, M. J., Auburn, Alabama. 

Funkhouser, S. P., P. O. Box 311, Ithaca, N. Y. 

Geyler, F. O., Mentz Apartments, Niagara Falls, New York. 

Gillespie, Louis John, 1424 R. Street, N. W., Washington, D. C. 

Green, Alva I., Univ. of South Carolina, Columbia, South Carolina. 
Guiterman, K enn eth S., 465 West End Avenue, New York City. 
Henderson, Lawrence M., 5437 Ellis Avenue, Chicago, Ill. 

Here, Nathaniel, Box 847, Lead, South Dakota. 

Hirschfelder, Arthur D., University of Minnesota, Minneapolis, Minn. 
Holden, H. Chester, Durham, New Hampshire. 

Hobfcy, Amos 51 Mt. Auburn St„ Cambridge, Mass. 

Huddle, W. P., 904 Hume Mansur Building, Indianapolis, Indiana. 
Hu ghes, John L., Connecticut Agricultural College, Storrs, Conn. 
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Harsh. Ralph XL, 905 South 6th Street, Champaign, Illinois. 

Huthsbeiner, Hans, 120 Path Avenue, Schenectady, New York. ? 

Hynes, J. A., 158 West Harrison Street, Chicago, Illinois. 

Johnston, Angus J., 4237 Broadway, Chicago, Illinois. 

Tones, G. Lloyd, P. 0 . Box 761, Middletown, Conn. 

Knight, Charles Clark, Lewiston Bleaching and Dye Works, Lewis- 
town, Me. 

Knudson, Arthur, 437 West 59th Street, New York City. 

Koelliker, Herman Michael, 2022 Bast 105th Street, Suite ix, Cleve¬ 
land, Ohio. 

Lake, W. W., 1369 Fry Avenue, Cleveland, Ohio. 

Lower, John Royal, 89 Chittenden Avenue, Columbus, Ohio. 

Lundahl, S. F., 421 South Trumbull Avenue, cor. Congress St., Chi¬ 
cago, Ill. 

McWilliams, Charles K., Box 482, Pullman, Washington. 

Meyers, Herman B., 15 South Market St., Chicago, HI. 

Miller, C. F., Bureau of Soils, Washington, D. C. 

Miller, Harry M., Apartment 43, 1440 W Street, N. W., Washington, 
D. C. 


Mitchell, Harry G., Hanover, New Hampshire. 

Mowry, Leiand B., Copperhill, Tenn. 

Munn, William K., 6428 Dante Avenue, Chicago, HI. 

Ottobre, V. Emanuel, 216 122nd Street, New York City. 

Palmer, Ralph M., 4014 Forest Boulevard, East St. Louis, Ill. 

Patterson, Lamar G., Box 174, Montgomery, Alabama. 

Ping, America V. (Miss), Olvidar Building, Arecibo, Porto Rico. 

Plant, Edward, 28 East 76th Street, New York City. 

Porter, W. E., 427 Gas and Electric Building, Denver, Colorado. 
Priestley, T. G., 515 Broadway, N., Seattle, Washington. 

Fropach, 0 . H., 2340 Commonwealth Avenue, Chicago, Ill. 

Reeve, James H., Box 235, Americas, Georgia. 

Richards, Wayne V., Union City, Michigan. 

Richter, Herman William, 1 Warwick Park, Cambridge, Mass. 
Ringer, Adolph Irving, New Medical Lab., Univ. of Penn., Philadelphia, Pa. 
Satler, Louis L., Jr., Glenshaw, Pennsylvania. 

Saxton, Blair, 37 Lake Place, New Haven, Connecticut. 

Schmidt, H. B., The Joslin-Schmidt Co., Sta. P, St. Bernard, Ohio. 
Seeman, F. J., U. S. P. O. Box 771, Shanghai, China. 

Shellabear, Hugh Percy, 703 California Ave., Pullman, Washington* 
Shepard, M. G., 316 Huntington Avenue, Boston, Mass. 

Sillman, Maxwell, 857 North 6th St., Philadelphia, Pa. 

Smith, F. Clayton, 319 West 9th St., Elyria, Ohio. 

Smith, Erwin J., Menctndo, Albany, New York. 

Smith, JcAeph G., Bureau of Soils, Washington, D. C. 

Sprague, P. E., 84 West 9th Avenue, Columbus, Ohio. 

Stein, Leo, 410 West 13th Street, New York City. 

Stevenson, Albert Fletcher, The Woodward Apartments, Washington, 
D* C. 

Sneet, Harold A., 414 Court Street, Syracuse, N. Y. 

Taber, George H., Frick Budding Annex, Pittsburgh, Pa. 

Taylor, Fred A«, u6 North Avenue, New Rochelle, N. Y. 



Taylor, George G., Summerlea Apartments, Summerlea and Elmwood 
Sts., Pittsburgh, Pa. 

Todd, James, Sewickley, Allegheny County, Pa. 

Townsend, Jackson, Lake Butler, Florida. 

Upton, Howard S., care Atlantic Insulated Wire and Cable Co., Stam¬ 
ford, Connecticut. 

Vitoria, Eduardo, Director del Laboratorio Quimico del Ebro, Tortosa, 
Tarragona, Spain. 

Weidmann, Walter L., 842 Monmouth Street, Gloucester, N. J. 

Wheaton, Theodore, Jr., 518 N. High Street, Millville, N. J. 

White, Wilbur S., Room 418, City Hall, Cleveland, Ohio. 

Whitham, Gilbert Shaw, Ofe Cilia, Carmen Alto, Antofugasta, Chili. 

Zoller, Harper F., University of Puget Sound, Tacoma, Washington. 

MEETINGS OF THE SECTIONS. 

[Full accounts of all meetings should be sent to Secretary Charles L. Parsons, Box 505, 

Washington, D. C. ] 

UNIVERSITY OF MISSOURI SECTION. 

The 40th meeting of the University Section was a short business meet¬ 
ing held on August 22, at 5 p . m . 

The 41st meeting of the Section was held Sept. 30. Prof. R. B. Moore, 
of the United States Bureau of Mines, spoke on the work of the Bureau 
of Mines. 

The 42nd meeting was held November 15. Dr. L. E. Wise spoke on 
Chinese Wood Oil. 

The 43d regular meeting of the Section was held on Nov. 28th. Dr, A. 
Gulick spoke on “Some Points Concerning the Results of Over-nutri¬ 
tion.” O C Smith. SecrtUry. 

NEBRASKA SECTION. 

The 70th regular meeting of the Section was held on Oct. 24, 1913# 
at the University of Nebraska at Lincoln. 

Dr. F. W. Upson, who is now in charge of the Nebraska Experiment 
Station, gave an illustrated lecture on the “Electrolytic Theory of Oxida¬ 
tion and Reduction.” c j. fxahxxoxt**, swk my. 


KANSAS CITY SECTION. 

. The 95th regular meeting of the Section was held at Kansas City, Mo., 
October 25, 1913. The program of the evening consisted of an ad¬ 
dress by Dr. W. S. Wheeler, Health Commissioner of Kansas City, on 
“Tuberculosis,” and an illustrated lecture by Prof. W. A. Whitaker, of 
the University of Kansas, on “Chilean Nitrates and Trinidad Asphalt” 

The 96th regular meeting of the Section was held at Lawrence, Kant., - 
November 22, 1913. The following papers were read: 
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"Medical Frauds Us Exposed by Chemical and Pharmaceutical Meth¬ 
ods." Prof. I* E. Sayre. 

"Some Rules and Specifications Governing Transactions in foftp- 
making Materials/’ W. J. Reese. 

The annual banquet and election of officers was held Dec. 6, <913. 
Dr. W. A. Noyes, of the University of Illinois, gave an address on the 
topic, “The Electron Theory.” 

"Officers for 1914 were elected as follows: President, L. D. Haveahill; 
Vice-President, Roy Cross; Councilor, E. H. S. Bailey; Secretary-Treas¬ 
urer, W. B. Smith, 24 Federal Building, Kansas City, Kansas; Assistant 
Secretary, W. A. Wbitakef. w b smith, secretory. 

ST. LOUIS SECTION. 

The Section met November 10, 1913, at the Missouri Athletic Club. 
Mr. Marshall W. Cox read a paper on “Lithium Perchlorate at High 
Temperatures,” in which he described some of the atomic-weight deter¬ 
minations of Prof. T. W. Richards. 

President Monfort called the December meeting to order on December 

8, 1913- 

Mr. C. F. Career, Jr, addressed the Section on, “Metallic Sodium, 
Its History, Manufacture and Uses.” 

The following officers were elected: President, Dr. Leroy McMaster; 
Vice-President, A. C. Boylston, Treasurer, E. J. Erieson; Secretary, 
George Lang, Jr.; Councilor, W. F. Monfort. gbo lang, Jr , secretary 

IOWA SECTION. 

The meeting of the Section was held in the Chemistry Building, Iowa 
State University, November 15th. 

The following papers were presented: Dr. Nicholas Knight, “A 
Problem in Soil Chemistry at Sylvan Beach, New York.” Dr. J. N. 
Pearce, “Conductivity in Organic Solvents.” Dr. W, J. Karlslake, 
“The Paraxylenenitrosulphonic Adds.” Dr. R. R. Renshaw, “The 
Detection of Small Amounts of Neurine in Chlorine.” Dr. R. R. 
Renshaw, “Hydrolytic Dissodation Of Nitrobenzene.” 

Miscellaneous reports. * 'J A Wilkinson, Temporary Secretary. 

ROCHB3TS* SECTION. 

Meetings ^ere held at the University of Rochester on November 17 
and December 1, 1913. On November 17, Mr. Eberlin, of the Eastmah 
Kodak Co., spoke on “T^tJse of the Hydrogen Electrode in the Deter* 
minationOf th£ Aridity 0 Weak Adds,” and Mr. Adkins, of the Vacuum 
Oil Ca, T , spoke on “Thd Determination of the Flash Point of Oils. 0 Oh 
Deodnber 1, Dr. Chambers, of the University of Rochester, discussed the 
“Grignard Reaction,” and Mr. Little, also of the University, discussed 
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the “Use of Finely Divided Nickel in the Hydrogenation of Organic 
Compounds.” 

The December meeting was held Monday, December 15,-1913, at the 
University of Rochester. Dr. L. R. Sheppard spoke on “The Scope of 
Colloidal Chemistry.” w * h ea.k, Secretary. 

UNIVERSITY OF ILLINOIS SECTION. 

The November meeting was held November 18th. The officers were 
elected for the ensuing year as follows: Chairman, S. W. Parr; Vice- 
Chairman, Geo. McP. Smith; Councilors, Edward Bartow, *E. W. Wash- 
bum; Secretary, D. F. McFarland; Treasurer, D. A. Maclnnes. 

The address of the evening was given by Professor W. D. Harkins, 
of the Department of Chemistry in the Univeisity of Chicago, on the 
subject “The Intermediate Ion Hypothesis and the Chemistry of Salts 
of Higher Types." D F McFarland, Secretary 

CINCINNATI SECTION. 

The 188th regular meeting was held at the Ohio Mechanics’ Institute 
Nov. 19. 

The Committee reported on “Spring Meeting." 

Mr. F. L. Baringer, of the Eagle White Lead Company, gave a talk 
on “The Technology of Lead Pigments.” 

The 189th regular meeting was held at the University of Cincinnati, 
December 17th. 

Mr. H. E. Howe, of the Bausch & Lomb Optical Co., gave an illustrated 
lecture on “Notes on the Manufacture of Some Scientific Instruments," 
in which special stress was Lid on glass. Mr. Howe brought with him 
many interesting samples. 

The usual informal dinner preceded the meetings. 

Stephan J Hauser. Secretary 

CLEVELAND SECTION. 

The regular monthly meeting of the Section was held in Adelbert Col¬ 
lege, November 19th. 

Mr. William H. Alexander, the local forecaster of the weather, gave an 
illustrated address at this meeting on the subject, “The United States 
Weather Bureau and Its Work." w r ripper, secretary. 

PITTSBURGH SECTION. 

The 102nd regular meeting of the Section was held at the University 
of Pittsburgh, November 20th. 

Program: 1. "The Refining of Petroleum," Harry H. Willock, General 
Manager Waverly Oil Works, Pittsburgh, Pa. 2. "The Use of Scientific 
Testing Instruments in the Industries," Frank R. Kelley, Pittsburgh 
Representative of the Taylor Instrument Co. 
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The Director of the Mellon Institute of Industrial Research, University 
of Pittsburgh, invited the members of the American Chemical So&ety 
to attend a special meeting of the Section at which an address was given 
by Dr. W.*R. Whitney, Director of the Research laboratories of the 
General Electric Company, on 11 Some Recent Investigations Carried Out 
in the Laboratories of the General Electric Company.” 

The 103rd regular meeting of the Pittsburgh Section was held at the 
University of Pittsburgh, December 18th. 

Program: 1. “Present-Day Metallurgical Problems,” D. A. Lyon, 
Metallurgist, U. S. Bureau of Mines.” 2. The Brass Foundry of the 
Future; with Notes on the Use of Pyrometers in Brass Founding,” C. P. 
Karr, Metallurgist, U. S. Bureau of Standards. i* VI no c. alum, secretary 

INDIANA SECTION. 

The Indiana Section of the Chemical Society met in the Science Build¬ 
ing of Eli Lilly & Co.'s plant, Nov. 21. Mr. Frederick C. Atkinson gave 
a talk on the universal language “Esperanto.” Dr. W. M. Blanchard, 
of DePauw University, gave an illustrated lecture on his trip abroad and 
on chemistry in the German- universities. a. b. davm, secretary. 

COLUMBUS SECTION. 

Mr. L. D. Vorce, President of the Society of Detroit Chemists and 
Manager of the Wyandotte Plant of the Pennsylvania Salt Works, ad¬ 
dressed the Section November 21, on “Progress of Electro Chemistry 
in the United States.” D . j. d*mo**m, secretary. 

LOUISIANA SECTION. 

The seventy-first meeting was held at the Louisiana State Museum, 
November 21, 1913. The following program was given: 

“Theories of Valence,” H. W. Moseley, M.Sc. “The Absorptive Power 
of Asbestos for Organic Coloring Matters,” R. G. Meyers, M.Sc. 

J Hsath Lewis, Secretary. 

SOUTHERN CALIFORNIA SECTION. 

This Section met on Friday evening, November 21, 1913. The usual 
informal dinner preceded the meeting. The following papers were pre¬ 
sented: 

“Plant Food and Irrigation Water in California,” Mr Alfred Smith, 
Pomona College. “The Effect of Freezing on the Chemical Composi¬ 
tion of Oranges,” Mr. H. D. Young, Whittier Pathological Laboratory. 

Vum X*. Jordan, Stentary . 

MINNESOTA SECTION. 

The 45th regular meeting of the Section was held in the University of 
Minnesota on November 21* 1913, Dean G. B. Frankfurter gave a paper 
o&L “Some New Phases of Catalysis.” Mr Earl Pettijphn was elected 
Treasurer, vice C. F. Sidener, resigned. Attendance 30. ; 

W* H. firamn. Sea/otary. 
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SYRACUSE SECTION. 

On Friday, November 21, a meeting of the Section was held at the 
Syracuse College of Medicine Building. 

Dr. A. W. Browne, Professor of Inorganic and Analytical Chemistry, 
Cornell University, addressed the Section on “Some New Facts Concern¬ 
ing Ammonia and the Higher Hydronitrogens." 

At the December 12th meetmg, Mr. H. E. Howe, Chief Chemist of the 
Bausch and Bomb Company, and councilor from the Rochester Section, 
spoke on “Glass and Notes on the Manufacture of Optical Instruments." 

H B Kipper Secretory 

WISCONSIN SECTION. 

The December meeting of the Section was held in the Chemistry Build¬ 
ing, December 10, 1913. Professor O. P. Watts spoke on “Electroplating." 

The Following officers were elected: Chairman, H. C. Bradley; Vice- 
Chairman, J. H. Mathews; Councilor, J II Walton, Jr., Secretary, A. E. 
Koenig; Treasurer, W. K. Tottingham. p w caruuok secretory 

SECTION OB WESTERN NEW YORK. 

The November meeting was held at the Niagara Club, on November 
24th. Mr. Maximilian Toch lectured on “Chemical Engineering, New 
and Old, Illustrated." 

The December meeting was held on Dec. 17th, at the University of 
Buffalo. 

Papers were read by Mr. Henry Bowen on “Some Features of the Acid 
Industry in America," and by Mr. E. M. Sergeant on “The Potash Busi¬ 
ness." 

The members met for an imormal dinner before the meeting. 

Vvai,t»r Waia-acr Secretary 

WASHINGTON' SECTION. 

The 231st meeting was held at the Cosmos Club, November 25th. A 
meetmg of the Executive Committee was held in the council room. .. 

Dr. P. A. Levene, of the Rockefeller Institute for Medical Research, 
New York City, lectured on “The Chemistry of the Nucleic Acids." 

The 232nd meeting was held at the Cosmos Club, December nth. A 
meeting of the Executive Committee was held in the council room. A 
program followed: 

J. G. Fairchild, of the Bureau of Mines, "Electro-analysis of the Copper 
Alloys.” and “The Iodometric Determination of Iron." W. D. Collins, 
of the Bureau of Chemistry, “Radioactivity of Virginia Mineral Waters.” 
G. A. Jdenge, of the Hygienic Laboratoiy, “The Preparation of Amino- 
nitriles." G. B. Spencer, of the Bureau of Chemistry, “Goettingen.” 

Romwt B. Son***, Suntwry. 



Detroit section. 

The regular meeting of the Detroit chemists occurred on Friday, 'Nov. 
28th, in the Stevens Building. 

Prof. Alfred H. White, of the Chemical Engineering Department of 
University of Michigan, spoke upon “Under what Circumstances can 
Portland Cement be Considered a Reliable Building Material for Perma¬ 
nent Structures?” (Lantern slides.) Robert T Harrw Secretary ' 

OREGON SECTION. 

The regular November meeting and annual election was held at the 
Hazlewood Cafe, 310 Washington St., Portland, Saturday evening, No¬ 
vember 29. 

C. E. Travillion presented a paper on “Fertilizers,” and V. P. Edwards 
spoke on “Chemical Control of a Lead Smelter,” during the evening. 
The meeting was preceded by a dinner. f. a ousted, secretary 

UNIVERSITY OP MICHIGAN SECTION. 

The second Fall meeting was held Tuesday afternoon, December 2nd, 
in the Chemistry Building. Dr. J. K. Harris addressed the Section on 
“Selective Asborption by Soils.” w G smeaton, secretary 

LEXINGTON SECTION. 

The Section held its 12th regular meeting in the Kentucky Agricultural 
Experiment Station, Friday afternoon, December 5, 1913. 

Program for the meeting was as follows. Report of Annual Convention 
of the Association of Official Agricultural Chemists, by S. D. Averitt 
and B. D. Wilson. 

The following officers were elected: Chairman, Dr. F. E. Tuttle, 
State University, Lexington, Ky.; First Vice-Chairman, Dr. R. N. Maxon, 
State University, Lexington, Ky.; Second Vice-Chairman, Mr. S. D. 
Averitt, Ky. Agricultural Experiment Station, Lexington, Ky.; Coun¬ 
cilor, Prof. F. E. Clark, Central University, Danville, Ky.; Secretary and 
Treasurer, Dr. G. D. Buckner, Ky. Agricultural Experiment Station, 
Lexington, Ky. Lxnwood A Brown. Secretary. 

CONNECTICUT VALLEY SECTION. 

The 20th regular meeting of the Section was held at Springfield, Satur¬ 
day aftemnon and evening, December 6th. The afternoon was spent in 
visiting the new laboratory of the Emerson Laboratory Co., the laboratory 
and plant of the Baker Extract Company, and the plant of the Springfield 
Gas Co* 

Following a dinner, the regular program followed, viz.: 1. “New" 
Sources of Paper-making Fibre and the Determination of Their Commercial 
Value,” H. P* Carruth. 2. “Organization and Work of the Chemical 
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Department of the Massachusetts Experiment Station,” Philip H. Smith. 
3. “The Water Content of Vanilla Beans." B. H. Smith. 

F P Giiuoam, Secretary , 


CHICAGO SECTION. 

The December meeting of the Chicago Section was held December 12th. 
The subject of the evening was “Color Photography,” by Prof. J. H. 
Mathews, Professor of Physical Chemistry, University of Wisconsin, Madi¬ 
son, Wis. The members of the Section held the usual informal dinner 
before the meeting. D k french 

NEW YORK SECTION. 

The third regular meeting of the session 1913-14 was held in conjunc¬ 
tion with the New York Sections of the Society of Chemical Industry, the 
American Electrochemical Society, and by special invitation, the Ameri¬ 
can Institute of Chemical Engineers, in Rumford Hall, on Dec. i?th. 

After the election of local councilors, papers on the “Welfare and 
Safety Work in American Chemical Industiy,” were presented by h^iss 
Florence Hughes, member of General Staff, Sociological Work, New Jer¬ 
sey Zinc Company, Howard Lyon, Experimental Department, Welsbach 
Company, Charles P Tolman, Chairman Manufacturing Committee, 
National Lead Company, and Francis D. Patterson, Director of the De¬ 
partment of Sanitation and Accident Prevention, Harrison Bros. & Co., 
Inc. C M Jove* $ tertiary 

NtV HAVEN SECTION. 

There was a meeting of the Section at the Graduates’ Club on Decem¬ 
ber 12, 1913. The usual din' er was served at 6.45 p.m. 

Professor L. W. Bahney addressed the Section on the “Extraction of 
Gold from Low Grade Ores.” g*o*q*s ja*i«son secretary 

> CALIFORNIA SECTION. 
n> 

^ The seventy-fourth regular meeting of the California Section was held 
at the University of California Club, December 13th. 

The paper of the evening was on the “Workings of the California In¬ 
secticide Law,” by George P. Gray. 

The meeting was preceded by a dinner. bkyant s draw*, Secretary 

NASHVILLE SECTION. 

The 21st meeting of the Section was held in Furman Hall of Vander¬ 
bilt University on Friday evening, December 19th, at 8 o clock. The 
program included the following papers or addresses: 

“The Planetesimal Hypothesis of the Origin of the Earth,” Dr. A. H. 
Purdue, State Geologist. e*o***g g**», Saaratm 



EASTS*!* NEW VOU SECTION. 

The December meeting was held in the Physics Lecture Room, State 
Normal College, on December 19th. The following lecture was presented: 
“The Rare Earths,”,by Professor L. M. Dennis, of Cornell University. 

C F Hal* Secrttory 


DECEASED. 

Arthur Edgar, White Haven, Pa., on Nov. 15, 1913. 

Louis D. Gilbert, of Santa Rosa, California, in St. Louis, June 15, 1913. 
H. P. Walker, Lewistown, Pa., May 9, 1913. 


ANNUAL TABLE OF CONSTANTS. 

Volume III of the Annual Tables of Constants and Numerical Data, 
Chemical, Physical and Technological, published by the International 
Commission of the VII and VIII International Congress of Applied Chem¬ 
istry is now in press and will be issued in the first half of 1914. A descrip¬ 
tive circular with references to reviews of previous volumes may be secured 
on application to The University of Chicago Press. 

The subscription to Volume III is now opened and will be closed March 
jr, IQ14. The names of subscribers should be sent to The University 
of Chicago Press, the American Agent for the distribution of the Annual 
Tables. Subscriptions are payable to The University of Chicago Press 
at the time of publication. 

The subscription price of Volume III will be the same as for Volume II, 
namely, $6 for the unbound copy, $6.80 for the bound copy (carriage 
free). Members of contributing societies (The American Chemical So¬ 
ciety, The American Electrochemical Society , The Society of Chemical In¬ 
dustry, The American Academy of Arts and Science , The National Academy 
of Science) and of contributing manufacturing establishments, are entitle^ 
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Proceedings. 

COUNCIL. 

President Little appointed th£ following Co mmi ttee on Endowment 
but acceptances were received too late for the January Journal: 

George D. Rosengarten, Chairman; Isaac K. Phelps; George F. Kuntz. 

MEMBERS ELECTED BETWEEN DECEMBER 15 AND JANUARY 15 . 
Acker, Frank J., 12 West Kinzie St., Chicago, Illinois. 

Agazim, T., 1428 N. Maplewood Ave., Chicago, Illinois. 

Akers, A., 1206 Williamson Bldg., Cleveland, Ohio. 

Alexander, H. H~ Maurer, New Jersey. 

Ambler, Joseph p., Wolfville, Nova Scotia. 

Anderson, Leon E., 34 Tecumseh St., Dayton, Ohio. 

Andrews, J. Clarence, Iowa City, Iowa. 

Axelrad, Sol, 358 East 57th St., New York City. 

Bacon, Charles B., Bureau of Chemistry, Washington, D. C. 
Baldeschwieler, Emile L., 201 West 24th St., New York City. 

Bate, E. H., 964 South High St., Columbus, Ohio. 

Barmeier, Floyd E., 1403 Syndicate Trust Bldg., St. Louis, Missouri. 
Barrows, Lewis O., Beta Theta Pi, Orono, Maine. 

Bartling, F. W., Central Carmen, Vega Alta, Porto Rico. 

Bastone, Harry J., 1316 South Roekland St., Calumet, Michigan. 
Becker, A. J., 217 Green Ave., Champaign, Illinois. 

Bennett, Harold S., 1 Grove Place, Ithaca, New York. 

Bernard, Pierre Arnold, 145 Christie St., Leonia, N. J. 

Beutner, R., 106 East End Ave., New York City. 

Bichowsky, F. Russell V., 2329 Bancroft Way, Berkeley, California. 
Blackmarr, Frank H., 25 Washington St., Chicago, Illinois. 

Bohlmaim, E. F., 693 Layton Blvd., Milwaukee, Wise. 

Bole, G. A., Box 593, Alfred. New York. 

Bonney, Robert D., 535 Newberry St., Boston, Mass. 

Braley, S, A., 916 West California Ave., Urbana, Illinois. 

Braude, Harry, Pennsylvania Glue Co., Springdale, Allegheny Co., Pa 
Brown, Alan L., The Knol\ Ithaca, New York. 

Buist, George Alexander, 1026 Pendleton St., Greenville, South Carolina. 
Callenbach, J. A., 131 Maple Terrace, Merchantville, New Jersey. 
Cann, Jessie Yereance, 112 Brunswick St., Newark, New Jersey. 
Carman, J. S., 903 Grattan St., Los Angeles, California. 

Carnahan, Glen, 3430 Michigan Ave., Chicago, Illinois. 

Carpenter, Laurence E., 110 Grand St., Newburgh, New York. 

Carter, Camie Bftke, Chapel Hill, North Carolina. 

Carter, W. A., sfjohnson St., Lynn, Mass. 

Cash, Gentry, Whiting, Indiana. 

Chapin, Arthiufe., 843 Lill Ave., Chicago, Illinois. 

Charlton, E. E:, 916 West California Ave., Urbana, Illinois. 

Cheruoff, Lewis Hill, 555 Him St, New Haven, Connecticut. 

Clark, Arthur H., 70 Linden Ave., Malden, Mass. 

Clark, Hugh, 625 Clyde St., Pittsburgh, Pennsylvania. 

C offman , El wood Foster, 1163 Princess Ave., Camden, New Jersey. 
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Coopersmith, S., care of Collegiate Club, 1501 nth St, N. W., Wash* 
ington, D. C, 

Cotton, W. J., 523 Bryant Aye., Chicago, Illinois. „ 

Davidson, Wilmot A., 54 Alexander St, Toronto, Ontario, Canada. 
Dawson, Henry Royal, Beechlands, Park Ave., Ashton-on-Mersey, 
Cheshire, England. 

Dean, Ernest Woodward, 692 Yale Station, New Haven, Connecticut. 
DeCelle, O. A., 5310 Indiana Ave., Chicago, Illinois. 

DeCew, Judson A., 903 McGill Bldg., Montreal, Canada. 

Detwiler, J. G., Box 210, Port Arthur, Texas. 

Dodd, Sidney R., 45 St. Botolph St., Boston, Mass. 

Dore, Edward A., Box 766, Orono, Maine. 

Dunbar, Orville Derward, Box 260, Huron, South Dakota. 

Evans, Jr., S. S., Wiliiamstown, Mass. 

Falk, Nils B., Box 24, Station A, Elizabeth, New Jeflfcy. 

Faragher, Paul V., 1329 Vermont St., Lawrence, Kansas. 

Feagley, C. C., Harrison Brothers and Co., Philadelphia, Pa. 
Finkelstein, Leo, 830 Lowell Place, Chicago, Illinois. 

Fiske, Cyrus Hartwell, 291 Brookline Ave., Boston, Mass. 

Ford, J. B., 207 East University Ave., Waxahachie, Texas. 

Forst, Leo B., 411 Government Bldg., Cincinnati, Ohio. 

Franck, Paul, 317 West 119th St., New York City. 

Franken, Frans, 412 North Second St., Mankato, Minnesota. 

Furlong, Irving, Arrow Rock, Idaho. 

Gallun, Arthur H., 1000 North Water St., Milwaukee, Wisconsin. 
Gazzolo, Frank H., 1357 Astor St., Chicago, Illinois. 

Giddings, Donald S., 3658 Blackstone Ave., Chicago, Illinois. 

Glattfeld, John W. E., 5731 Kenwood Ave., Chicago, Illinois. 
Goetschius, Roland B., Box 136, Corbett, Delaware County, New York. 
Goodpasture, J. M., 32 Rodney Dormitory, Univ. of Penn., Phila¬ 
delphia, Pa. 

Gram, Carl W., Walter Baker & Co., Ltd., Milton, Mass. 

Greathouse, Ruth C., Box 11, Sta. A., R. F. D. 4, Washington, D. C. 
Gregg, Wells K., 1115 Mellon St., Pittsburgh, Pa. 

Hati/Arthur E., 5113 Capitol Ave., Omaha, Nebraska. 

Hamilton, W. C., 8 Parkland Place, St. Louis, Missouri. 

Hartupee, Carl A., Roofing Department, Diem and Wing Paper Co., 
Cincinnati, Ohio. 

Hartzeli, F. Z., Geneva Experiment Station, Geneva, New York. 
Hauss, David J., Aurora, Indiana. 

Hauth, Louis H., 935 East College St., Iowa City, Iowa. 

Hecht, Selig, Bureau of Chemistry, Washington, D. C. 

Hedges, Charles Cleveland, care of Texas Agricultural and Mechanical 
College, College Station, Texas. I 

Heritage Clark C., 5709 Midway Park, Chicago, Illinois. 

Hess, Frank Galen, 7723 Mulford St., Pittsburgh, A. 

Heyward, Jr., J. B., 4024 Lyon Ave., Oakland, Califonfria. 

Hines, Edward G., 53 West 8th Ave., Columbus, Ohio. 

Hirsh, Louis, 1507 West Elbtirn Ave., Chicago, Illinois. 

Hitchcock, Robert B., 720 Carolina St., Gary, Indiana. 

Hobbs, William Henry, Box 483, Danville, Illinois. 

Hogaboom, George B., 82 Lake St., New Britain, Connecticut. 
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Holtz, Henry F., Pullman, Washington. 

Hood, Homer T., 417 East Liberty St., Ann Arbor, Michigan. 

Hook, Frank W., 3743 Indiana Ave., Chicago, Illinois. 

Howell, Spencer P., 202 Gray Apartments, Wilkinsburg, Pennsylvania. 
Hubbell, John P., Garden City, New York. 

Huffman, Carl H., Box 138, Meadowbrook, West Virginia. 

Hulett, Edwin L., Canton, St. Lawrence County, New York. 

Hung Yee, Tang, 609 East Jefferson St., Ann Arbor, Michigan. 

Isaacs, Aaron, Bureau of Standards, Washington, D. C. 

Jacobs, Benjamin R., Bur. of Chemistry, Washington, D. C. 

Jones, Lucius H., 1148 Western Ave., Los Angeles, California. 

Jones, Norden R., Gas Works, Foot of Seneca St., Utica, New York. 
Judd, Harold D., 7 Onondaga Place, Syracuse, New York. 

Keane, L. A., 311 Farm St., Ithaca, New York. 

Kemler, W. H., P. O. Box 214, Johnson City, Tennessee. 

Kerr, William M., 712 LaFayctte Bldg., Philadelphia, Pa. 

Kiphinger, Claude C., 416 Douglas Ave., Ames, Iowa. 

Knoedler, E. L., no Brown St., Gloucester City, New Jersey. 

Kohler, Elmer P., 12 Prescott Hall, Cambridge, Mass. 

Krawczak, John C., 801 7th Ave., Milwaukee, Wisconsin. 

Krieble, Vernon K., Department of Chemistry, McGill IJniv., Montreal, 
Canada. 

Kyriakides, L. P., 7 Bigelow St., Cambridge, Mass. 

Laird, William R., 126 Westboume Lane, Ithaca, New Vork. 

Lamar, Philip R., Southern Cotton Oil Co., Savannah, Ga. 

Lambie, J. M., 41 East Bean St., Washington, Pa. 

Landgren, J. F., 226 Beresford Ave., Highland Park, Michigan. 

Leitch, Harold W., North Andover, Massachusetts. 

Lieb, Lloyd L., 2872 Folsom St., San Francisco, California. 

Long, Walter S., 942 Mississippi St., Lawrence, Kansas. 

Loo, Ming Ying, 452 Vine St., South Bethlehem, Pa. 

Lutts, Carlton G., 99 North Common St., Lynn, Mass. 

Lyder, Ernest E., 1500 New Hampshire St., Lawrence, Kansas. 
MacDonnell, Charles, 269 8th St., Jersey City, N. J. 

MacLean, A. Reginald M., Chem. Bldg., McGill University, Montreal* 
Canada. ‘ 

Magnus, Carl, Sigma Nu House, Qrono, Maine. 

McClester, T. F., Box 232, Bound Brook, New Jersey. 

McCool, William F., 788 McDonough St., Brooklyn, New York. 
McCrosky, C. R., 17 West Fountain Ave., Delaware, Ohio. 

McMahon, George F., 104 Ann St., Hartford, Conn. 

Mickel, Clarence W., 25 North Converse Hall, Burlington, Vermont. 
Morgan, John C., 108 Cook St., Ithaca, New York. 

Muhleman, George W„ The Methodist University, Guthne, Oklahoma. 
Myers, Rollin G., Sta. 20, care of Tulane University, New Orleans* 
Louisiana. 

Nagle, Jr., Harry C., 3018 North Broad St., Philadelphia, Pa. 

Nasmith, Mungo E., m Heath St., Toronto, Canada. 

Nees, A. R., 129 York St., Brooklyn, New York. 

Nutting, Willard H., 2600 Bancroft Way, Berkeley, California. 

Oak, Malcolm H., Beta Theta Pi, Orono, Maine. 

Odium, W. Julian, Ardmore, Bray, County Wicklow, Ireland. 



3 * 


Ogihara, Tokujo, Takamatsu* Kibigun, Okayamaken, Japan. 

Oppen, Wfflktm A., Stoneham, Maas. 

Paschka, Hubert, Armstrong Cork Co., Pittsburgh, Pa. 

Pascoe, Charles F. # Villa Viau Viauville, Montreal, Canada. 

Patch, Nathaniel K. B., care Lumen Bearing Co., Buffalo, New York. 
Pearce, LesEe Orr Gibb, 3325 Armour Ave., Chicago, Ill. 

Pedusen, Aksel M., 39 Niles St., Hartford, Connecticut. 

Pelc, T., 2740 Avers Ave., Chicago, Illinois. 

Pelofsky, Julius, Sulsberger and Sons, Kansas City, Kansas. 

Pelton, Harold A., care of Union Oil Co. of California, Avila, San Luis 
Obispo County, California. 

Pensel, George R., 129 Milk St., Fitchburg, Massachusetts. 

Perlstein, Harris, 5912 Calumet Ave., Chicago, Illinois. 

Perlzweig, William A., 437 West 59th St., Laboratory of Physiological 
Chemistry, New York City. 

Peters, Frazier F., 227 West 99th St., New York City. 

Pitman, Earle Carver, 29 Matthews Hall, Cambridge, Mass. 

Poole, Charles R., care of Frost Gear and Machinery Co., Jackson, 
Michigan. 

Postma, George E., 201 South Dithridge St., Pittsburgh, Pa. 

Prasil, A., 1009 Springfield Ave., Urbana, Illinois. 

Prince, A. W., Jackson, Tennessee. 

Quinn, Elton L-, Bagdad, Florida. 

Readio, Jr., James H., New Bedford Gas Co., New Bedford, Mass. 
Reedy, J. H., 56 Lake Place, New Haven, Connecticut. 

Roberts, Edward N., 1015 Grand Ave., L&ramie, Wyoming. 

Robinson, Reginald H., Science Hall, Corvallis, Oregon. 

Rockwood, R. H., 83 City Hall, St. Paul, Minnesota. 

Romaine, E. V., 1361 Island Ave., Milwaukee, Wisconsin. 

Rosenfeld, Edwin N., 421 East 51st St., New York City. 

Roth, E. K., 214 Cascadilla Park, Ithaca, New York. 

Russell, Robbins, 1109 Monad Ave., Jacksonville, Illinois. 

Salter, Robert M., 70 West Woodruff Ave., Columbus, Ohio. 
Sankowsky, Nikolai A., 6 Nemetskaya, Moscow, Russia. 

Schlichting, Jr., Louis, 67 West 8th St., Bayonne, New Jersey. 

Schliep, Ernest, 224^7 Copp Bldg., Los Angeles, California. 

Schmidt, Edward, 75 West Tenth Ave., Columbus, Ohio. 

Schnitzspahn, Philip T., 18 St. John's Place, Buffalo, New York. 
Schommer, John J., 4338 Greenview Ave., Chicago, Illinois. 

Scott, Ernest L., 437 West 59th St., New York City. 

Seeley, M. J., 217 Science Hall, Corvallis, Oregon. 

Seth, Erik G., 820 North East St., Indianapolis, Indiana. 

Shafor, Ralph W., 218 East 17th Ave., Columbus, Ohio. 

Shaw, Joseph B., 153 Merrimac St., Pittsburgh, Pa. > 

Shaw, Merle Branard, Park St., Orono, Maine. 

Shulmyer, Charles J., 291 California Ave., Providence, Rhode Island. 
Skinner, Fred V., Laramie, Wyoming. 

Smith, Leslie I)., 126 Chemistry Building, Urbana, Illinois. 

Solomons, Jr., I. A., 2315 Bull St., Savannah, Ga. 

Spriestersbach, David O., 725 So. Robert St., St. Paul, Minnesota. 
Stansel, Thomas B., 408 Stewart Ave., Ithaca, New York. 

Steele, Franklin H., 47 Institute Road, Worcester, Mass. 
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Stephens, Walter L, Box 148, Iowa City, Iowa. 

Stevenson, 3rd, Hugh C., 527 East North St., PottsviUe, Pa. 

StidcKy, J. P„ South Carolina Cotton Oil Co., Columbia, South runHw*. 
Swan, John C., Marietta, Ohio. 

Swanatrom, Carl A., 40 West 65th St., New York City. 

Svrodv Charles L., 208 East 10th St., Dallas, Texas. 

Taber 1 , Jr., George Hathaway, care of Kentucky Solvay Co., Ashland, 
Kentucky. 

Taylor, Clinton B., 70 Hackley St., Bridgeport, Connecticut. 

Taylor, Cyril S., Bureau of Standards, Washington, D. C. 

Taylor, William, 151 West 140th St., New York City. 

Thomas, Lawrence M., 235 Washington Ave., Bay City, Michigan. 
Thompson, Harry W., 1340 Girard St., N. W., Washington^ D. C. 
Thorelf, Valentine, Larkin Co, Buffalo, New York. 

Tinkler, Loyal G., 104 Harvard Place, Ithaca, New York. 

Tobor, J. Atwood, Corinna, Maine. 

Towle, Theodore W., Suinsan Gardens, Shangai, China 
Tripler, Guy, Wm. C. Robinson and Son Co., Coraopolis. Pa. 

Ulrich, William H., 462 14th St., Brooklyn, New York, 
van der Scheer, J., 166 Remsen St., Brooklyn, New York. 

Vandiver, B. A., University of South Carolina, Columbia, South 
Carolina. 

Vassian, J. G., Columbia Conserve Company, Indianapolis, Indiana. 
Vibrans, Frank C., 57 Wendell St., Cambridge, Mass. 

Waldie, George McLeod, State Infirmary, Tewksbury, Mass. 

Walker, J. R., Point Loma, California. 

Wallace, Edwin S., University of Mississippi, Oxford, Mississippi. 
Waller, Coleman B., Spartanburg, South Carolina. 

Ward, Louis E., 122 Somerset St., Rumford, Maine. 

Washington, Henry S., Geophysical Lab., Washington, D. C. 

Waxman, Harold M., 3413 Grapevine St., Indiana Harbor, Indiana. 
Weber, Lothar E., 729 Boylston St., Boston, Mass. 

Wescott, Jr., Josiah P., can of Atlas Chemical Co,, Newtonville, Mass. 
Wessling, Miss Hannali L., Bureau of Chemistry, Washington, D. C. 
Whaley, Francis A., 3 Central Ave-, Ithaca, New York. 

White, Arthur J., 3417 Rpcc St., Philadelphia, Pa. 

Whittington, J. A., 48 West 34th St. u Chicago, Illinois. 

Wilson, Stansbury, M. Baugh Chemical Co., Canton, Baltimore, Mary** 
land. 

Winter, H. O., 6140 Vernon Ave., Chicago, Illirfois. 

Wishinck, I., Mokena, Illinois. 

Woodruff, Frank O., 88 Broad St., Food Inspection Laboratory, Bos¬ 
ton, Mass. 

Wooluer, Jr., Adolph, 439 Mass. Ave., Peoria, Illinois. 

Wrisley, George A., 601 Healey Ave., Champaign, Illinois. 

Yonkman, William, 10850 Wentworth Ave., Chicago, Illinois. 

Zavertnik, Joseph, 2871 So. Crawford Ave., Chicago, Illinois. 

Zieget, Jr., Conrad, 422 West Franklin St., Baltimore, Maryland* 
Zinkheisen, Oscar T., 135 William St„ New York City. 
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MEETINGS OF THE SECTIONS. <' 

t 

[Full accounts of all meetings should be sent to Secretary Charles L. Par#au$, Box 
305, Washington, D. C. J 

WESTERN NEW YORK SECTION. 

The November meeting was held at Niagara Palls, N. Y., on November 
24th. Dr. Maximilian Toch addressed the Section on “Chemical Engi¬ 
neering New and Old,” giving lantern illustrations. At the dose of the- 
session, the members were entertained by the International Acheson 
Graphite Co. 

The December meeting was held at the University of Buffalo, on Dec. 
17th. Papers were read by Mr. Henry Bowen on “Some Features of 
the Acid Industry in the United States,” and by Mr. E. M. Sergeant 
on “Potash.” 

The January meeting was held January 13 th at Canasius College. 
Mr. H. E. Howe, of Rochester, spoke on “Optical Glass” and “The 
Projection of Spectra,” with lantern illustrations. 

Walter Wallace. Secretary. 

OREGON SECTION. 

At the annual meeting of the Oregon Section, held Saturday, November 
29th, the following officers were elected for the coming year: 

President, Prof. O. P. Stafford, University of Oregon, Eugene, Ore.; 
Vice-President, Prof. Wm. C. Morgan, Reed College, Portland; Secretary, 
P. A. Olmsted, Oregon City; Councilor, A. L. Knisely, 310 Worcester 
Bldg., Portland. 

Following the business session the following papers were presented: 
“Fertilizer,” by C. E. Travillion, and “Chemical Control of a Lead 
Smelter,” by V. P. Edwardes. f. a . olmbtbd, secretly. 

PUGET SOUND SECTION. 

The annual business meeting and election of officers of the Section 
was held at the University of Washington, November 29th. The fol¬ 
lowing officers were elected for 1914: 

Chairman, C. E. Bogardus; Vice-Chairman, Dr. H. K. Benson; Sec¬ 
retary, Ray W. Clough; Treasurer, E. A. Dieterle; Councilor, Dr. H. G. 
Byers. 

Ladies were invited and after the business meeting, with Dr. W. M. 
Dehn as floor manager and an old fashioned “fiddler” to furnish the music, 
eveiyone joined in the dances of fifty years ago, quadrilles, the Virginia 
Reel, etc., that our grandfathers enjoyed. None of the modem dances 

Were allowed. Ray W. Clouoh, Secretary. 

* COLUMBUS SECTION. 

At the December meeting of the Section the following officers were 
elected for the ensuing year: 
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President, C. W. Foulk; Vice-President, L. A. Weinland; Councilor, 
William jLloyd Evans; Secretary-Treasurer, D. J. Demorest 

D J Dbmokbst, Secretary. 

1 PITTSBURGH SECTION. 

At th^ December meeting the Section elected the following officers for 
the year^i9i4: 

Chairifian, Dr. R. F. Bacon; Vice-Chairman, A. C. Fieldner; Secre¬ 
tary, C. G. Storm, Bureau of Mines; Treasurer, G. A. Burrell; Councilors, 
James O. Handy, F. C. Phillips, J. H. James. 

Hoback C Porter, Acting Secretary, 

1 NEW YORK SECTION. 

At thfe December 12th meeting of the Section the following councilors 
were elected: 

Chas. Baskerville, T. J. Parker, Allen Rogers, W. H. Nichols, J. Merritt 
Matthews, C. M. Joyce, C. G. Fink, A. C. Langmuir, H. R. Moody, 
F. J. Metzger, B. C. Hesse. 

The fourth regular meeting was held in Rumford Hall, January 9th. 
C. E. Kenneth Mees, of the Eastman Kodak Company, spoke on “The 
Methods of Photographic Research- An Account of the New Research 
Laboratory of the Eastman Kodak Company at Rochester, and of the 
Work which it is Intended to do there." c m. jovcb, secretary. 

MAINE SECTION. 

The annual meeting of the Section was held in Orono, December 12th. 
Officers for the coming year were elected as follows: 

President, Martin L. Griffin; Vice-President, H. D. Evans; Councilor, 
R. H. McKee; Secretary and Treasurer, H. H. Hanson. 

Following the election an interesting address was given by Doctor 
Evans, Director of State Laboratory of Hygiene upon the Water Supplies 

Of Maine. H H Hanlon, Secretary 

INDIANA SECTION. 

The Section was addressed by Dr. J. H. Mathews, of the University 
of Wisconsin, on “Color Photography," at Sbortridge High School, 
December 13, 1913. 

The Section met at the Chamber of Commerce, on Friday, January 9th* 
and was addressed by Dr. H. C. Peffer, Professor of Chemical Engineering 
in Purdue University, on “The Aluminum Industry." 

* A B Davib, Secretary. 

NORTHERN INTERMOUNTAIN SECTION. 

The Section held a meeting at Moscow on Saturday, December 13th, 
where Prof. Richard S. McCaffrey addressed the Section on “The Electric 
Furnace Smelting of Lead-Zinc Ores,” and Prof. Geo. A. Olson on “ In¬ 
creasing the Nitrogen Content of Wheat." Oao. a, ouom. Surnmry. 
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; Rochester wcnox * 

The Section met at the University of Rochester on Monday, December 
15th. Dr. L. E. Shepard, of the Eastman Kodak Company, pfesented 
a very able paper on the “The Scope of Colloidal Chemistry." 

On Monday, January 12th, Prof. A. H. White, of the University of 
Michigan, addressed the Academy of Science on “Under What Conditions 
is Concrete a Safe Building Material ?” Members of the Rochester Section 

were invited. Wm. H. Saul*. Secretary 

SOUTHERN CALIFORNIA SECTION. 

The Chamber of Mines and Oil, the Southern California Section of the 
American Institute of Mining Engineers, the Sierra Madre C\ub and 
this Section joined in an informal dinner at the Sierra Madre Club, Tues¬ 
day, December 16th, in honor of Dr. Irving C. Allen, Petroleum Chemist 
of the Bureau of Mines. Dr. Allen spoke in regard to the oil work of the 
Bureau and also in regard to the petroleum exhibit at the Panama-Pacific 
Exposition. 

The regular December meeting of this Section was held jointly with 
the Chamber of Mines and Oil and the Southern California Section of 
the American Institute of Mining Engineers, December 19th. The 
following officers were elected for 1914: President, Richard S. Curtiss; 
Vice-President, Erwin H. Miller; Secretary-Treasurer, Walter L. Jordan; 
Councilor, Walter A. Schmidt. The following program was presented: 
“Antimony; its Ores, Metallurgy and Uses,” by Mr. L. C. Mott; “The 
Technological and Cobperative Petroleum Work of the Bureau of Mines," 
by Dr. Irving C. Allen. 

The regular January meeting of the Section was held January 16, 1914, 
preceded by dinner at six o’clock. A special menu was provided, which 
was “Chemical Dutch.” The following program was presented: “The 
Universal Equilibrium,” by Dr, Elbert E. Chandler, Occidental College; 
“The Sanitation Service of Porto Rico,” by Mr. H. J. Lucas, Throop 
College of Technology. Wju,t» L Jouaw, Secretary 

UNIVERSITY OF ILLINOIS SECTION. 

The December meeting of the Section was held at the University of 
Illinois, December 16th. 

Mr. A. V. H. Mory, Chief Chemist for Sears, Roebuck and Company 
of Chicago, spoke upon thd subject “The Chemist, a Growing Factor in 
Merchandising.” 

The officers elected for 1914 were as follows: Chairman, S. W. Parr; 
Vice-Chairman, McPhail Smith; Councilor, E. Bartow; Treasurer,. 
lirA, Mclnnes; Secretary, D. F. McFarland. D * mcFa*ww>, secretary 

CINCINNATI SECTION. 

At the 189th regular meeting of the Section, held December 17th, 
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the following officers were elected to serve for the year 1914: President, 
F. W. Weissmann; Vice-Presidents, Clarence Bahlmann, Richard Lord; 
Secretary, Stephan J. Hauser, 1623 Maple Ave., College Hill, O.; Executive 
Committee, W. R. Fleming, C. P. Long, B. R. Hart, Councilors, L. 
W. Jones, Archibald Campbell. stohah j. 


' RHODE ISLAND SECTION. 

The December meeting of the Section was held in Providence, on Thurs¬ 
day evening, December 18th. 

Mr. Charles E. Swett addressed the Section on “The Alkali Lakes of 
the Southwestern Desert.” . * 

Preceding the meeting, a dinner was served in the same room. 

Nomman R. Holt, Stcrtiary 
UNIVERSITY OF MICHIGAN SECTION. 

The December meeting was held December 18th, in the Chemistry 
Building. A paper was presented by W. G. Smeaton on “Some Problems 
Relating to Metal Surfaces.” w. o. swutok. Secrtuuy. 

DETROIT SECTION. 

The regular meeting of the Detroit chemists occurred on December 19th, 
in the Stevens Building. 

Mr. Abram T. Baldwin, President and General Manager of the Pre¬ 
cision Instrument Company, Detroit, gave a paper on “Calorimetry of 
Illuminating and Producer Gases” (lantern slides). 

Roscrr T. Hamkis, Sternary. 

NORTHEASTERN SECTION. 

The Northeastern Section held its annual meeting at the Engineers' 
Club, December 19th. The following officers for the ensuing year were 
elected: President, J. Russell Marble; Vice-President, Otto Folin; 
Treasurer, Hermann C. Lythgoe* Secretary, Grinnell Jones; Executive 
Committee, H. J. Skinner, M. H. Clark, E. Weintraub, R. E. Gegenheimer, 
B. S. Merigold; Councilors, H. P. Talbot, J. F. Norris, W. L. Jennings, 
R. S. Weston. k 

The address of the evening was upon “Nitrogen-filled Lamps,” by 
Mr. J. Orange, of the General Electric Company. w. x. l*™, stenu*y* 

LOUISIANA SECTION. 

The seventy-second meeting was held at the Louisiana State Museum, 
December 19th. Dr. F. W. Zerban spoke on “The German Potash 
Mines, Illustrated Lecture.” J. heath lhto, Surttary. 

WASHINGTON SECTION. 

The 233rd meeting was held in the Assembly Hall of the Cosmos 
December 22nd. 
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Professor Earle B. Phelps, of the Hygienic Laboratory, Uxkmt d on 
"Recent Advances in Sewage Chemistry/' rt ♦ 

The 234th meeting was held on January 8th. * 

The progr a m consisted of addresses by L« F. Kebter, of the Btfteau of 
Chemistry, on "Chemical Investigations in Tablet Medicatfitti," and 
Wirt Tassin, Consulting Chemist, on "Metallography Applied to In¬ 
spection," illustrated by lantern slides. robb*t b sosman, secretary 

CALIFORNIA SBCTION. . 

On December 29th, in the Chamber of Commerce, Irving C. Allen, 
of the United States Bureau of Mines, addressed the oil men, agd others 
interested* on the relation of the work of the Bureau to the petroleum 
industry and also its connection with the American Petroleum* Society. 

Bryant S Drake, Secretary 


ALABAMA SBCTION AND GEORGIA SBCTION. 

These two sections met jointly on Thursday, January 1,1914, at Atlanta. 

The following papers were given: W. V. Metcalf, Fisk University, 
"The Cause of Osmotic Pressure.” Charles L. Parsons, Bureau ofdilines, 
"Some Possibilities of Georgia Clays.” A. M. Muckenfuss, University 
pf Mississippi, "Permeability Measurements as an Aid in Proximate 
Organic Analysis." Charles P. Fox, Akron, Ohio, " Rubber SutStitute 
from the Holly." Morris O. Gottleib, Houston, Texas, "Mexiclh Pe¬ 
troleums." W. P. Heath, Atlanta, Georgia, "Manufacture of Carbon 
Dioxide, and its Incorporation into Water.” G. P. Shingler, Efitory 
College, Oxford, Ga., "Walnut Stain in the Killing of Fish.” Ra^ C. 
Werner, Georgia State Board of Health, Atlanta, Georgia, "Sanitary 
Water Analysis in Relation to Public Health. ”C. A. Wells, Experiment, 
Ga., "Cotton Seed Meal as a Possible Food for Man." R. K. Duipan, 
Mellon Inst., Pittsburgh, Pa., "Industrial Fellowship.” J. S. Brogaon, 
Atlanta, Georgia, "Chemistry in Relation to the Development O^tfre 
Fertiliser Industry." C. L. Hare, Auburn, Alabama, "Studies of*the 
Chemical Composition of Cotton Seed." B. B. Ross, State Chemist 
of Alabama, "Occurrence and Composition of Some Alabama Phosphates." 
T. E. Keitt, Clemson College, S. C., "An Incompatability in Fertiliser 
Mixing," "Two Partially Compensating Sources of Error in the Official 
Method for Determining Potash.” * 

Waixacb L. Cau>wsu., Secretary, Alabama Sectioa. 

. J S Bit Ogdon. Secretary, Georgia Section. 


KANSAS CITY SECTION. 

The 98th regular meeting was held in the University of Kansas, Jamiary 
10th. 

The following program was presented: "The Standardization of 
Narnia," by Prof. L. D. Havenhill. "The Utilization of Wood Prod¬ 
ucts," by Prof. O. A. Beath. "Some Industrial Applications of Physical 
Chemistry," by Prof. P. V. Faragher. w . B . secretary. 
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, CONNECTICUT VALLEY SECTION. 

The 21 st regular meeting of the Section was held in Hartford, January 
ioth. Following a dinner, the meeting was held in Jewell Hall, where 
W. K* Hulburt, of The Goldschmidt Thermit Company, delivered an 
illustrated lecture on the Thermit process. The lecture was illustrated by 
both moving picture and stereopticon views. F . P . G n.uoA*, Secretary. 

CLEVELAND SECTION. 

The Section held its meeting at the City Club, January 12th. 

Dr. H. L. Rockwood, Medical Inspector of the Ohio State Board of 
Health,addressed the Section on “Some Phases of Occupational Diseases.” 

On December 15th the following officers were elected: Chairman, 
Mr. C. B. Murray; Secretary-Treasurer, Mr. W. R. Eipper; Managers, 
Mr. E. C. Holton, Mr. A. T. Baldwin; Councilors, Mr. L. C. Drefahl, 
Dr. A. W. Smith. W. R. Rimm, .Secretary. 

ST. LOUIS SECTION. 

The January meeting was held on Monday evening, January 12th, 
at the Missouri Athletic Club. 

Dr. L. F. Nickell, of Washington University, presented a paper on 
“Amino Camphoric Acids.” 

A dinner was served at 7 p.m. 

At the annual meeting the officers elected for 1914 were: Dr. Leroy 
McMaster, President; A. C. Boylston* Vice-President; K. J. Erieson, 
Treasurer; Geo. Lang, Jr., Secretary; W. F. Monfort, Councilor. 

Cito. La vo , J*., Secretary . 

, LEXINGTON SECTION. 

Tlje Section held its thirteenth regular meeting in the Kentucky Agri¬ 
cultural Experiment Station, on January 14th. The program was as 
follows: “The Occurrence of Manganese in the Colored Portions of 
Plants and a Short Method for its Determination," by J. S. McHarguc. 
“The Evidence of the Action of Oxydases within the Growing Plant," 
by G. D. Buckner. ° Davm SucrnE*. Secretory . 

NASHVILLE SECTION. , 

The 22nd meeting of the Section was held in Vanderbilt University, 
on Friday, January 16th. The program included the following paper: 
41 The Production of Anti-sheep Amboceptor in Rabbits,” by Dr. Herman 

Spitz. Eugene O. Grab, Secretary. 

CHICAGO SECTION. 

The January meeting of the Section was held at the Hotel Sherman, 
January x6th. The subject of the evening was an informal illustrated 
talk on “Atmospheric Pollution,” by Mr. William Hoskins, asstoed by 
Mr. H. V. Main. d. k. fr**cs, Satrrmy. 
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WOLCOTT GIBBS FUND FOR CHEMICAL RESEARCH. 

The Trustees of the Wolcott Gibbs Fund for Chemical Research are 
prepared to receive applications for grants of moderate size from the 
income of the Fund, which should be addressed to Professor C. L. Jackson, 
Cambridge, Mass., and should contain a sufficient account of the pro¬ 
posed work to allow the Trustees to judge its importance and chances of 
success. The applicant, if not a chemist of established reputation, should 
send references to papers published by him, and a statement of his chemical 
training with the names and addresses of some of his teachers. 

C. L. Jackson, Chairman of the Board of Trustees. 

SPRING MEETING 

Tfie forty-ninth General Meeting of the American Chemical Society 
will be held in Cincinnati, Ohio, April 8 to n, 1914. The officers of the 
local section are: President, F. W. Weissmann, 2900 Vine St., Cincinnati, 
Ohio, and Secretary, Stephen J. Hauser, 1623 Maple Avenue, College Hill, 
Cincinnati, Ohio. A more complete statement of the meeting should be 
looked for in the March Journals. The titles of papers should be sent to 
the Secretary, Charles L. Parsons, Box 505, Washington, D. C. 

The committees for the Cincinnati Section for the Spring Meeting are 
as follows: 

Executive Committee. —Frederick W. Weissmann, Chairman;S. J. Hauser, 
Secretary; Archibald Campbell, Gordon Farnham, C. T. P. Fennel, J. W. 
Ellms, R. Lord, F. C. Broeman, L. W. Jones, John Uri Lloyd. 

Finance Committee. —Archibald Campbell, Chairman; G. Merrell, O. 
Diechmann. 

Committee on Transportation and Excursions. —Gordon Farnham, Chair¬ 
man; W. R. Fleming, R. A. Proctor, F. O. Clements. 

Committee on Press , Publicity and Printing. —C. T. P. Fennel, Chairman ; 
M. B. Graff, J. C. HartzeU. 

Committee on Reception and Registration. —J. W. Ellms, Chairman; H. E. 
Newman, F. E. Dixon, F. Homburg. 

Ladies Reception Committee . —Mrs. J. W. Ellms, Chairman; Mrs. F. W. 
Weissmann, Mrs. S. J. Hauser, Mrs. A. Campbell, Mrs. C. T. P. Fennel, 
Mrs. R. Lord, Mrs. F. C. Broeman, Mjrs. L. W. Jones, Mrs. A. Springer, 
Mrs. J. U. Lloyd. ^ if 

Entertainment Committee. —Richard Lord, Chairman; C. Bahlmasn, 
C. Von Egloffstein, E. K. Files. 

Smoker Committee. —F. C. Broeman, Ofrifrman; E. B. Reemelin, R. 
Hochstetter, j; Greyer, G. K. Elliot. ^ , 

Banquet Committee.*" L. W. Jones, Chairman; C. P. Long, H. S. Ay, 
L. Forst. ’ 

Committee on Meeting Places.—John Uri Ltyyd, Chairman; A. Springer, 
S. Waldbott, H. M. Goetbch, P. H. Smyt^. 



Issued with the March Number, 1914. 


Proceedings. 

CINCINNATI MEETING. 

The date of the Cincinnati meeting has been changed from April 8th 
nth to April 7th to 10th, Advance detail of the meeting will be found 
the March Journal of Industrial and Engineering Chemistry . 

COUNCIL. 

MEMBERS ELECTED BETWEEN JANUARY 15TH ANr FEBRUARY 15TH, 1914 . 

Ashby, James Chester, South Bethlehem, Pa. 

Appleman, C. 0 ., College Park, Maryland. 

Anderegg, Frederick O., Conant 36 A, Cambridge, Mass. 

Adams, W. C., 604 Green Ave., Champaign, Ill. 

Ballantyne, James Cowleg, 355 Oakland Ave., Pittsburgh, Pa. 
Bartholomew, Frank J., Hotel Snyder, Palmerton, Pa. 

Bartlett, Edwin Rice, Hooker Electrochemical Co., Niagara Falls, N. Y. 
Bates, Joseph Sumner, 51 Prospect St., New Haven, Conn. 

Behrman, A. S., P. 0 . Box 616, Kentucky State University, Lexington, 
Ky. 

Bennett, J. L., Independent Powder Co., Carthage, Missouri. 

Bender, Joseph Charles, 216 Cascadilla Park, Ithaca, N. Y. 

Bishop, George M., 316 N. Lake St., Madison, Wisconsin. 

Bliss, Roland R., 268 Littleton St., West LaFayette, Indiana. 

Bragg, Thomas, Alabama Polytechnic Institute, Auburn, Alabama. 
Bramson, Charles, Provident Chemical Works, 8011 Idaho Ave., St. 
Louis, Mo. 

Brierley, John R., 432 West St., Brooklyn, New York (Sta. “Y M ) 
Brophy, Oscar, 1919 North 12th St., Philadelphia, Pa. 

Brown, D. I., No. 2 Alger St Greenfield, Pittsburgh, Pa. 

Browne, Frederick L., 201 Williams St., Ithaca, New York. 

Bulkley, Oscar S., 45 W. Mohawk St., Buffalo, New York. 

Burdick, E. C., 307 East St Clair St., Indianapolis, Indiana. 

Burgard, Howard A., 600 University Aye., Ithaca, New York. 

Bums, Charles H., 316 Huntington Ave., Boston, Mass. 

Cave, Gordon R., 219 Manning St., Hillsdale, Mich. 

Chaney, N. K., 1614 Wyandotte Ave., Lakewood, Ohio. 

Chapin, Robert M„ Biodiemieal Division, Bureau of Animal Industry, 
Department of Agriculture, Washington, D. C. 

Chase, Wallace S., 1430 W. 116th St., Cleveland, Ohio. 

Clark, John W„ West Durham, North Carolina. 

Connolly, Gerald C., m6 N. Eutaw St., Baltimore, Maryland. 

Cooke, Harry, 328 North 15th St., Philadelphia, Pa. 

Cox, H. L., Box 402, Chapel Hill, North Carolina. 

Cragin, Harold P., 205 Rugby Road, Brooklyn, New York. 

Craig, R. Sewell, 2121 North Calvert St., Baltimore, Md. 

Cmsfiey, Thomas Linsey, 318 Sagauchetiere St., W., Montreal, Canada. 
Curtis, Philip C., Sayles Bleadhery, Saylesville, Rhode Island. 
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Cushman, O. B*, VepiiUion, South Dakota. 

Dickson, John B., Ohio State University, Columbus, Ohio. 

Doerner, Henry A., Colorado Agricultural College, Fort Collins, Colo. 
Doggett, Charles S., Clemson College, South Carolina. 

Donaldson, Elmer D., 547 Grant St., Buffalo, New York. 

Eckler, Charles R., 335 Northern Ave., Indianapolis, Indiana. 
Edwards, V. C., Box 578, Chapel Hill, North Carolina. 

, Engel, Karl, 1302 E. 2nd St., Ottumwa, Iowa. 

Erswell, Charles S., Theta Chi House, Orono, Maine. 

Ewing, Clare O., 1736 G St., N. W., Washington, D. C. 

Fay, J. T., Clemson College, South Carolina. 

Fenner, Benjamin C., 775 St. Johns Place, Brooklyn, New York. 
Fentress, J. H., Canadian Explosives, Ltd., Nanaimo, British Columbia, 
Canada. 

Fetzer, Lewis William, 1700 Lawrence St., N. E., Washington, D. C. 
Fleece, C. L., Graduate College, Princeton, N. J. 

Flint, H. A., Solvay Process Co., Syracuse, New York. 

Flume, A. J*, Box 247, Chapel Hill, North Carolina. 

Galpin, S. L., Dept, of Geology and Mining, Iowa State College, Ames, 
Iowa. 

Ganachean, James, 1439 North Johnson St., New Orleans, La. 

Gardner, H, A., Asst. Director, Institute of Industrial Research, Wash¬ 
ington, D. C. 

Gerth, C. R., Theta Ki House, State College, Pa. 

Glaive, August F., P. O. Box 396, San Francisco, California. 

Goldstein, Milton M., 3346 Holmes Ave., S., Minneapolis, Minn. 
Graham, Joseph B., 32 Summit St., Chestnut Hill, Pa. 

Greenlaw, Frank Murray, 29 JMann Ave., Newport, R. I. 

Gruse, W. A., 409 Park Ave., Baltimore, Maryland. 

Gulick, Addison, Univ. of Missouri, Columbia, Mo. 

Gygi, Paul Y., 7709 West Dennison Ave., Cleveland, Ohio. 

Hackh, Ingo, The von Ruck Research Lab., Asheville, N. C. 

Hamilton, Paul S., Diamond Crystal Salt Co., St. Clair, Michigan. 
Harding, Edwin R., 6147 Kimbark Ave., Chicago, Ill. 

Hartman, Ernest F., 182 Franklin St., New York City. 

Hawes, E. B., Acacia House, W. 8th Ave., Columbus, Ohio. 

Henkel, Paul L. H. H., 130 Sycamore St., Somerville, Mass. 

Hinde, Charles, City Chemist, City Hall, Vancouver, British Colurrifeia, 
Canada. 

Hinshaw, George, 971 North Main St., Pontiac, Ill. 

Hjost, Axel M., 1005 S. Wright St., Champaign, Ill. 

Hohman, Arthur, St. Josephus College, Philadelphia, Pa. 

Holloway, Percy E. P., 132 Walnut St., Everett, Mass. 

Homadav, F. A., 3509 14th St., N. W.„ Washington, D. C. 

Huber, Harold V., 1140 Wightman St., Pittsburgh, Pa. 

Howard, Norman Joseph, Department of Health, City Hall/Toronto, 
Can. 

Huey, H. I., 96 Chapel St., Saylesville, R. I. 

Hummell, Robert 6., 139 W. 9th Ave., (Mutnbus, Ohio. 

Inman, C. F., Clemson College, South Carolina. 

James, L. H., 71 Harper Ave., Detroit, Mich. 

Johnston, Angus, The Rookery, Chicago, Ill. 
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Johnson, Julius E., Box 178, University Park, Colorado. 

Jones, Mary Ethd, 100 North 5th St., Alhambra, California. 

Joyce, A. Willard, Chem. Lab., Lehigh Univ., South Bethlehem, P&. 
KaMaw, Thomas J., 515 N. Frances St., Madison, Wisconsin. 

Kahn, Sidney, 47 Franklin Ave., Saranac Lake, New York. 

Keegel, Anthony, Kroma Color Co., Sandusky, Ohio. 

Kellogg, E. H., Station A., Ames, Iowa. 

Kendall, James, Chemistry Dept., Columbia Univ., New York City. 
Kintner, Edward, Manchester College, North Manchester, Indiana. 
Klinger, Harry W., Box 316, State College, Pa.. 

Kohler, Herbert Valbrath, 702 Yale Station, New Haven, Conn. 
Kramer, Benjamin J., 232 Henry St., New York City. 

Lachmund, Bruno, 376 22nd St., Milwaukee, Wisconsin. 

Ladd, R. M., 639 W. 59th St., Kansas City, Missouri. 

Lamb, Newton, 700 East Court St., Flint, Mich. 

Lane, Gerould T., B. D. Rising Paper Co., Housatonic, Mass. 

Lang, Walter W., 33 Fairview St., Roslindale, Mass. 

Larson, Robert D., 9953 Ave. J., Chicago, Ill. 

Lawson, C. E., 1117 Ewing St., Indianapolis, Indiana. 

Leadbeater, W. R., Dominion Sugar Co., Wallaceburg, Ontario. 
LeMaistre, F., Ridley Park, Pa. 

Lippert, Jr., Otto C. F., 1601 Freeman Ave., Cincinnati, Ohio. 
Loebenberg, Alfred, 122V2 Elm St., Elizabeth, N. J. 

Lucas, James B., Blacksburg, Va. 

Mahony, Mary Isabelle, Trinity College, Washington, D. C. 

Maltauer, Frank, 3357 Woodford Ave., Pleasant Ridge, Cincinnati, O. 
Mangold, Alfred C., 105 North nth St., Brooklyn, New York. 
Mansfield, Arthur T., 505 4th St., LaShlle, Ill. 

Manso, Walter A., 739 River St., Troy, New York. 

McCloud, John Lansford, 900 Third St., Detroit, Mich. 

McClure, George M., 1248 Harrison Ave., Columbus, Ohio. 
McCullodk, Leon, 455 Biddle Ave., Wilkinsburg, Pa. 

McNeil, C. Perkins, Ohio St ite University, Columbus, Ohio. 

McQueen, Stuart A., Portland Pure Milk and Cream Co., 3rd_and 
Hoyt Sts., Portland, Oregon. 

Michael, Arthur, 219 Parker St , Newton Centre, Mass 

Michael, John A., Bqx 75, Hartley Hall t Columbia Univ., New York City. 

Minges, 6. A., 145 Pike Ave., Station A, Ames, Iowa. 

Morris, J. Lucien, 121 St. Stephen St., Boston, Mass. 

Morrison, J. D., Highmore, South Dakota, 

Moss, Harold R., Sunnyvale, California. 

Miffler, John, The Federal Distilling Co., Baltimore, Md. 

Nearve, Arthur S., 461 Considine Ave., Cincinnati, Ohio. 

Nessenthaler, Frank G., 220 W. 3rd St., Chester, Pa. 

Netoffsky, Wm„ Forestry Department, Mont Alto, Pa. 

Newman, P. J., 914 Leavenworth St., Manhattan, Kansas. 

North, C. Olin, 9 Mawhinney St., Pittsburgh, Pa. 

Okell, Stanley Allen, care West Virginia Pulp and Paper Co., 521 W. 
23rd St., New York City. 

Ohnstead, L. B., Bureau of Soils, Washington, D. C. 

PaUrin, Samuel, 1215 Eye St, N. W., Washington, D. C. 

Parkins on , George E.» 147 Beulah Avenue, Zanesville, Onto. 
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Peterjohn, Alvin C, West Park, Cuyahqga Co., Ohio. 

Pieper, Errant t W. Erdman Ave., Baltimore, Md. 

Pleiss, Paul, 50 Church St* New York City. 

Powders, J. A., Mt. Prospect Lab., Department of Water Simply. 
Brooklyn, N. Y. 

Pratt, Stafford Henry, Star Rubber Co., South Akron, Ohio* 

Probeck, Edwin J., 1368 East 91st St*, Cleveland, Ohio. 

Race, Joseph, Civic Laboratories, Ottawa, Canada. 

Rathbun, Harry B., 41 Holmes Ave., Waterbury, Conn. 

Rauber, Benjamin T„ 40 Rutland Square, Boston, Mass. 

Raynolds, Russell P., American Smelting and Refining Co., 1st National 
Bank Building, Denver, Colo. 

Reid, Howard E*. Siegfried, Pa. 

Rhea, H. M., 511 Bureau of Chemistry, Washington, D. C. 

Richter, George, 21 Clary St., Cambridge, Mass. 

Riordan, Joseph A., 26 South 4th St., Duquesne, Pa. 

Riticor, Charles C., Lexington, Virginia. 

Ritter, Ralph B., 730 S. Karlov Ave., Chicago, Ill. 

Robertson, James D., 1403 Syndicate Trust Bldg., St. Louis, Mo. 

‘ Robison, Clinton S., 1360 Kenwood Park Place, Chicago, Ill. 

Rost, Clayton O., University Farm, Division of Soils, St. Paul, Minn. 
Rudolf, Eugene A., 726 So. Lombard Ave., Oak Park, Chicago, IU. 
Russell, D. A., Youngstown Sheet and Tube Co., Youngstown, Ohio. 
Salkover, Ben, 356 Ehrman Ave., Avondale, Cincinnati, Ohio. 

Salter, Frederick J*, 43 Chittenden Ave., Columbus, Ohio. 

Schneider, William A., 2940 Broadway, New York. 

Schroth, Robert Carl, Jr., 1521 Mento Place, Columbus, Ohio. 

Schuette, Adolph J., 3950 Neath Ashland Ave., Chicago, Ill. 

Schulte, Louis, 1431 Leknd Ave., Chicago, Ill. 

Schwabbauer, Georg, 211 Monterose Ave., Syracuse, New York. 
Selecter, I., Baton Rouge, Louisiana. 

Seybert, John Edward, Eli Lilly and Co., Indianapolis, Indiana. 

Shaw, John S., Pinole, California. 

Sherman, A. L., Box 353, State College, Pa. 

Shewade, V. Y., 825 Adams St., Gary, Indiana. , 

Siegmund, Harry B., 1918 Wilkins Ave., Baltimore, Maryland. 

Sive, Benjamin 15 St. Leger Bldg., Walnut Hills, Cincinnati, Ohio. 
Smith, Olm K., 511 Hartley Hall, Columbia University, New York City. 
Smith, S. Hodge, Box “D,” Bowmanville, Ontario, Canada. 

Smyth, Douglas S., 10 Edgewood Ave., New Haven, Connecticut. 

* Shoddy, Anton O., 735 Froome Ave., Winton Place, Cincinnati, Ohio. 
Sporer, J. Lorenz, 38 West 75th St., New York City. 

Statham, Nod* 200 5th Ave., New York City. 

Stevens, R. H., 4 Marquette Apartments, 6th E. and 3rd So., Salt Lake 
Cityy Utah. * 

t, Clifton O., 828 Kirby Ave., Muntie, Indiana, 
i. George H., care Pacific Products Co., Port Townsend, Wash¬ 
ington.^ . 

Strung Steplfen C., 708 Bingham St., Pittsburgh, Pa. « 

Sugium Kpwmatsu* Harriman Research Lab*, Roosevelt Hoepttd, 
N. Y* T7 , 

Supple, Lee F., 6 i$ 2 St Lawrence Ave., Chicago, Ill. 
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Sutherland, Geoige, 4459 W. Monroe St., Chicago, IU. 

Tanis, John E., 630 S. Weadock Ave., Saginaw, Michigan. 

Taylor, Royal W., 707 W. Lake St., Canton, Ohio. 

Tailby, J. Allen, 368 Congress St., Boston, Mass. 

Tavernier, R. W., Box 273, Crockett, California.. 

Taylor, Carl A., 2 Alger St., Pittsburgh, Pa. 

Taylor, E. H., 808 South Matthews Ave., Urbana, Ill. 

Tchorni, David L-, 1029 Currier St , Chicago, Ill. 

Thatcher, Arthur Stockton, Apt. 42, 2140 N St., N. W., Washington, 
D. C. 

Thomas, Stanley Judson, 308 W. Packer Ave., South Bethlehem, Pa. 
Tietig, Chester, 1400 L. St., N. W., Washington, D. C. 

Torossian, Gregory, 11014 Detroit Ave., Suite 4, Cleveland/ Ohio. 
Traquair, John, Ayer, Mass. 

Turck, Fentoti B., 428 Lafayette St., New York City. 

Vandreuil. Lorenzo J., 2 Hudson St., Worcester, Mass. 

Van Marie, D. J., 18 Scotland St., Orange, N. J. 

Van Siclen, James V., 507 River St., Hoboken, N. J. 

Viehoever, Amo, 202 nth St., S. W., Washington, D. C. 

Waldbauer, Louis, 208 Williams St., Ithaca, New York. 

Wales, Harold Edward, 3333 19th St., San Francisco, Calif. 

Walter, Howard A., 30 South Second St., Elizabeth, N. J. 

Wharton, R. L-, 5018 Liberty Ave., Pittsburgh, Pa. 

White, Ralph H., Oxford, Mass. 

Whitney, Carrol Nathan, 127 W. 17th St., Wilmington, Del. 

Whiton, Louis C., jr., 310 W. 97th St., New York City. 

Widdicombe, R. A., 5552 Lakewood Ave., Chicago, Ill. 

Williams, Dean, Sigma Pi House, State College, Pa. 

Williams, Joseph J., N. J. Agricultural Experiment Sta., New Bruns¬ 
wick, N. J. 

Wolf, Maurice A., 4 Manning St., Providence, R. I. 

Wright, L. E., 1545 Contant St., Lakewood, Ohio. 

Wyler, Joseph, C-32 Taylor TJall, Lehigh Univ., South Bethlehem, Pa. 


MEETINGS OF THE SECTIONS. 

(Full accounts of all meetings should be sent to Secretary Charles L. Parsons, Box 
505, Washington,T). C.) 

LOUISIANA SECTION. 

At the annual election of officers for this Section held Jan. 16th, the 
following were elected : 

W. L. Howell, President; Geo. B. Taylor, Vice-President ; J. Heath 
Lewis, Sec.-Treas.; B. P. Caldwell, Member Exec. Comm.; Dr. Chas. E. 
Coates, Councilor . J. Hsath Lawn, S***tmy. 

CORNELL, ROCHESTER, EASTERN AND WESTERN NEW YORK AND SYRACUSE 

SECTIONS. 

The five New York sections held a joint meeting at Syracuse University, 
Syracuse, New York, on January 17th. The afternoon meeting was held 
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at the Bowse Hall of Chemistry at 2,30 o’d6ck, where, after an address of 
welcome by Honorable Louis Will, Mayor of Syracuse, the following 
papers were given: “The Use of Physical Measurements in Chemistry,” 
by Dr. C. W. Kenneth Mees, Director of the Research Laboratories of 
the Eastman Kodak Company, of the Rochester Section; “Hydrogen 
Telluride and the Atomic Weight of Tellurium,” by Dr. Ross P. Anderson 
of Cornell University, of the Cornell Section; “The Dissociation of Hy¬ 
drogen into Atoms,” by Drs. F. Langmuir and G. M. J. MacKay of the 
General Electric Company# Schenectady, New York, of the Eastern New 
York Section; “The Oxidation of Ammonia to Nitric Add,” by G. N. 
Terziev, of the Sotvay Process Co., and “Microscopical Demonstrations 
with Espedal Reference to the Ultramicroscope,” by Dr. H. C. Cooper, 
of Syracuse University, of the Syracuse Section. 

The Syracuse Section gave an elaborate dinner to the visiting sections 
in Sims Hall. 

The evening meeting was held m the Auditorium at Crouse College. 
After an organ recital in Crouse Hall, Chancellor Day of Syracuse Uni¬ 
versity spoke “A Word of Welcome.” Dr. Charles P. Stcinmetz, Pro¬ 
fessor in Union College and Chief Consulting Engineer of the General 
Electric Company of Schenectady, lectured on “Electrical Energy.” 

The patrons were the Brown-Lipe Chapin Co., Brown-Lipe Gear Co., 
General Chemical Co., Halcomb Steel C6., Merrell Soule Co., The Solvay 
Process Co., Straight Line Engine Co., Will and Baumer Co., Messrs. 
W. B. Brookfield, H. G. Carrell, E. L. French, E. S. Johnson, L. C. Jones, 
H. B. Kipper, and D. A. Morton, 

There was an attendance of about 250 at the afternoon sessions, 150 at 
the dinner and Boo to 1000 at the Steinmetz evening lecture, to which 
Syracuse University and Syracuse Technology Club members were es- 
pedally invited. Twenty-five registered from the Rochester Section. 
Ithaca was also especially strongly represented with good attendance 
from the Eastern and Western New York Sections. The meeting was 
therefore a thorough success. 

C. F. Hals, Secretary, Eastern New York Section. 

W. H Basle, Secretary, Rochester Section. 

O R Ovssmam, Secretary, Cornell Section 

Walts* Wallace, Secretary, Western New York Section 

H. B. Kir**)*, Secretary, Syracuse Section. 

CORNELL SECTION. 

The Section met Monday, January 19th, in Morse Hall. 

Three papers were presented* “The Fractional Crystallization of 
the Picrates of the Rare Earths of the Didymium Group,” by F. H. 
Rhodes. “Hydrogen Tefluride and the Atomic Weight of Tellurium/' 
by R. P. Anderson. “A New Method for the Detertnmatfoa of Hydro* 
cyfnic Acid and the AHettli Cyanides,” by G. E. P. LnndeH. 4 

O. R. Ovsuum, Secretary* 
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WISCONSIN SECTION. 

The January meeting of the Section was held in the Chemistry Building 
on Wednesday, Jan. 21st. Prof. David Klein gave a lecture with demon¬ 
strations on “Recent Developments in Colloid Chemistry. 1 ' 

The February meeting of the Section was held on Wednesday, Feb. 
18th. Prof. A. S. Loevenhart presented a paper on “Certain Responses 
of fhe Animal Body to Alteration in the Rate of Oxidative Processes." 

A. E. Koehio, Secretary. 

PITTSBURGH SECTION. 

The one handred and fourth regular meeting of the Section was held 
at the University of Pittsburgh, January 22nd. The address of the 
evening was on “Adrenaline: Its Nature and Composition," by E. R. 
Weidlein, Mellon Institute of Industrial Research, University of Pitts¬ 
burgh. C G Storm, decretory 

PHILADELPHIA SECTION. 

The regular meeting of the Section was held on January 22nd, at the 
Engineers’ Club, Philadelphia. The program consisted of the following: 
“The Saponins,” by Carl L. Alsberg, Chief, Bureau of Chemistry, U. S. 
Dept, of Agriculture, Washington, D. C.; “The Chemistry of Fires and 
Chemicals in Fires," by Mr. Chas. A. Hexamer, of the Fire Underwriters* 
Association. Prof. Philip Maas, of the Central High School, exhibited 
a very interesting collection of liquidified gases, including many not or¬ 
dinarily seen. 

The February meeting of the Section was held at the Franklin Institute, 
Saturday, February 21st. An illustrated address on “The New Era in 
Chemistry,** was given by Harry C. Jones, Ph.D., of Johns Hopkins 
University, Baltimore, Md. c. s. bmnton, secretary • 

MICHIGAN SECTION. 

There was a meeting of the Section Thursday, Jan. 22nd, in the Chem¬ 
istry Building. Mr. W. L. Badger addressed the Society on “The Work 
of the Bureau of Standards.** < h. h wru.A*o, secretary. 

EASTERN NEW YORK SECTION. 

The J anuar y meeting was held at the Edison Club, Schenectady, on 
Friday evening, January 23rd. The program was a symposium on 
“Electronics and Chem titry” led by Dr. Saul Dushman, with supple-* 
mentary papers by Messrs. Whitney, Coolidge and Langmuir.” The 
meeting was preceded by a dinner. # 

At a meeting of the Section held on Friday, Jan. 23rd, the following 
officers were elected for the ensuing year: President, A. D. Carrier; Vice* 
President, Irving Langmuir; SccreUxty^Treoswrer, William C. Arsem; 
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Councilor , M. A. Hunter; Executive Committee, A. T. Lincoln, C. F. Hale, 
R. C. Robinson. c. f. hai*. s*cr*u*y. 

UNIV. OF MISSOURI SECTION. 

The forty-fifth regular meeting of the Section was held in the Physics 
Building, Friday, January 23rd. Prof. J. A. Gibson presented a paper 
on "The Consideration of Some Data on the Teaching of Chemistry in 
Universities." 

The following officers were elected: 

Dr. L. E. Wise, Chairman; Dr. L. D. Haigh, Vice-Chairman; Mr. O. C. 
Smith, Secretary; Dr. L. S. Palmer, Treasurer; Dr. Herman Schlundt, 
Councilor . 

The forty-sixth regular meeting was held in the Chemistry Building, 
Friday evening, Feb. 6th. The papers of the evening were “The Acidity 
Determination for Soils/' by C. R. Moulton and “The Hydro-chloro- 
platinic Acid Method Compared with the Perchloric Acid Method for 
Potash Determinations," by Herman Rosenthal. 0 . c. smith , stcretary. 

ALABAMA SECTION. 

A meeting of the Section was held in the Brown Marx Building at 
Birmingham, Saturday, January 24th and papers read by Prof. B. B. 
Ross on “The Occurrence and Composition of Some Alabama Phosphates" 
and by Prof. C. L. Hare on “A Study of the Chemical Composition of 

Cotton Seed. Waiaach L. Caldwkja, S*cret*ry. 

CALIFORNIA SECTION. 

The seventy-fifth regular meeting of the Section was held at the Uni¬ 
versity of California Club, January 24th. The paper of the evening was 
“Some Practical Applications of the Hydrogen Electrode," by Joel H. 
Hildebrand, of the University of California. A demonstration of the 
electrode was given and lantern slides shown in conjunction with the paper. 
The meeting was preceded by a dinner. bryaht s d*ah, s§cr4#y 

NORTH CAROLINA SECTION. 

The mid-winter meeting of the Section was held Jan. 24th. The fol¬ 
lowing officers were elected for the current year: 

President u James M. Bell; Vice-President , J. W. Nowell; Sec.-Treas ., 
C E. Bell; Councilor , A. S. Wheeler; Reporters , J. S. Downing, F. E. 
Carrutfr. 

The following program was given: 

Presidential' address, “The Engineering Student's Need of Chemistry," 
by L. F. Williams; report, “Colors and Structure," by W. L. Jeffrie; 
“The Stability of Resin Adds at Slightly Elevated Temperatures," by 
C. H Herty and H. L. Cox; “Studies in Nitrification," by W. A. Withers 
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and A. L. Field; “Phenylsemicarbazone of Te trahydroxynaphthalene, ' * 
by A* S. Wheeler and V. C. Edwards; '‘Neutral Solutions of Ammonium 
Citrate/* by J. M. Bell; “A Study of Dammar Resin/’ by C. H. Herty 
and C. B. Carter; “Bromination of 0 -Hydrojuglon/’ by A. S. Wheeler 
and L. B. Rhodes; ’‘Action of Ammonia on Arsenic Iodide/* by J. T. 
Dobbins; “Studies in Toxicity of Cotton Seed Meal/’ by W. A. Withers; 
“Frothing in Crude Fiber Determinations—A Method for Preventing 
It/* by J. M. Pickel; “Methods of Adiabatic Colorimetry/’ by J. M. Bell 
and W. A. Rudisill; “An Electrical Contact Vapor-pressure Thermoregu¬ 
lator/’ by A. L. Field; “The Resene of Pinus Heterophylla/* by C. H. Herty 
and V. A. Coulter; “A Volumetric Method for Arsenates/’, by J. M. Bell 
and A. J. Flume; “Report of the Rochester Meeting/* by C. H. Herty. 

J. K. Plummer, S$crelory< 

RHODE ISLAND SECTION. 

The January meeting of the Section was held in Providence, on Thurs¬ 
day evening, January 29th. Dr. Norman E. Holt, of Brown University, 
addressed the Section on “A Study of s-Tribromphenyl Propiolic Acid.** 

Norman E. Holt, Secrttary. 

DETROIT SECTION. 

The regular meeting of the Section occurred on Friday evening, January 
30th, in the Stevens Building. Mr. William D. Richardson, Chief Chemist 
of Swift and Company, Chicago, talked upon “The History and Present 
Status of Food Preservation.** Robert T. Harris. Stcretary. 

NEW HAVEN SECTION. 

The annual meeting was held on Friday evening, Jan. 30tu, at the 
Graduates' Club. The fo 1 lowing officers were elected: President , B. 
W. McFarland; Vice-President , T. B. Johnson; Secretary , G. S. Jamieson; 
Treasurer , W. A. Drushel; Councilor , Wm. Buell. 

After the election of tfacers, the members adjourned to the Sloan 
Physical Laboratory and Dr. C. E. Kenneth Mees, Director of the Research 
Dept., Eastman Kodak Co., Rochester, N. Y„ addressed the Section upon 
the methods of photographic research including an account of the new 
research laboratory of the Eastman Kodak Co. 

GttOROg S. Jamieson, StarHety 
PUGET SOUND SECTION. 

. The January meeting was held at the Faculty Club House, University 
of Washington, January 31st. The program consisted of the following 
addresses: "The Present Status of the Electric Furnace in the Iron and 
Steel Industries,” by J. H. Linton, Pacific Coast Testing Laboratory; and 
“Electricity in the Field of Metallurgy,” by B. tt. Bennett, Metallurgist, 
Tacoma, * r*» w. cuwm,' sumhtt. 



CHICAGO SUCTION. 

The usual meeting was postponed until* February 2nd, in order that the 
Section might attend the first of a series of lectures by Dr. Wolfgang 
Ostwald at the University of Chicago. The series continued from Feb¬ 
ruary 2 nd tO 6th. D. XL. Funci, Stcrtitry. 

ROCHESTER SECTION. 

The regular meeting was held Monday, February 2nd, 1914, in the 
Eastman Building, University of Rochester. Mr. F. A. Lidbury, Works 
Manager of the Oldbury Elecrtro-ChemicafCo., of Niagara Falls, addressed 
the section on “Some Aspects of the Electro-Chemical Industry.” 

A meeting was also held Monday, February 16, 1914, in Reynold’s 
Laboratory, University of Rochester, when Mr. J. I. Crabtree of the 
Eastman Kodak Company, spoke on “The Nature of Overvoltage and Its 
Function in Electrolysis.” wiuu. h. b*««. s.cret<»y 

NEW YORK SECTION. 

The fifth regular meeting of the Section was held in conjunction with the 
New York Sections of the Society of Chemical Industry and the 
American Electro-Chemical Society, on Feb. 6, 1914. 

The subject of the evening was “The Undeveloped Elements.’* The 
speakers and their titles follow: 

“Opening Up the Field of Unused Elements,” by Dr. Chas. Baskerville, 
Prof, of Chemistry, College of the City of New York; “The Present Status 
of Cobalt,” by Dr. H. T. Kalmus, Director, Research Laboratory, School 
of Mines, Kingston, Ont.; “The Present Status of Boron,” by Dr. E. 
Weintraub, Director, Research Laboratory, Gen. Electric Co., W. Lynn, 
Mass.; “The Present Status of Tungsten,” by Dr. R. W. Moore, Research 
Laboratory, General Electric Co., Schenectady, N. Y. 

C. M. Jove*, S$cnkiry. 

CONNECTICUT VALLEY SECTION. 

The twenty-second regular meeting of this Section was held in Hartford, 
on Saturday evening, Feb. 7, 1914, preceded by a dinner at the Hotel 
Bond. 

Mr. H. E. Howe of the Bausch & Lomb Optical Co., delivered an illus¬ 
trated lecture on the subject of “The Manufacture and Manipulation of 
Optical GlaSiy” > F . P . 0nxiOA *, 5#^. 

“ CLEVELAND SECTION, * 

''The regular monthly meeting was held at the City'Club Rooms cm 
February 9th, preceded by an informal dinner. 

The following was the program for the evening: “Theodore William 
Richards—President of the Society,” by H. C. Chapin of The National 
Carbon Co. 
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“Physical Chemistry in the Service of the Manufacturer—A Symposium.” 
The leaders of the discussion were Messrs. N. K. Cheney, W. C. Moore 
and W. R. Mott of the National Carbon Co. and W. G. Wilcox of the 


Cleveland Research and Testing Laboratories. 


W. R. EirrKR, Secretary 


ST. LOUIS SECTION. 

The Section met Monday, Feb. 1914, at the Missouri Athletic Club. 
Mr. J. Lainson Wills, F.C.S. of the Stifel Laboratory of Fermentology 
gave an interesting address on “American Beers from a Chemical and 
Biological Viewpoint.” oo. Lano , Sur „„ y 

WASHINGTON SECTION. 

The Jtwo hundred and thirty-fifth meeting was held at the Cosmos Club, 
Thursday, February 12th. The following addresses were given: 

“Artificial Sperrylite,” by F. P. Dewey, of the Bureau of the Mint; 
“Potash from Kelp,” illustrated, by F. K. Cameron, of the Bureau of Soils; 
“Note on a New Extraction Apparatus,” by F. H. Walker, of the Bureau 

nf Chemistry. Robbrt B. Sobman, Secretary. 


LEXINGTON SECTION. 

The Section held its fourteenth regular meeting at the Kentucky Agri¬ 
cultural Experiment Station, Wednesday, February 11, 1914. The 
program was as follows: 

“Note on a Specimen of ‘Black Band’ Ore from the Stearns Coal Com¬ 
pany's Mine and on the Ratio of Calcium and Magnesium in Ferrous 
Carbonate Ores,” by A. M. Peter; “An Indirect Separation of Calcium 
and Strontium and of Lithium from Sodium and Potassium,” by S. D. 

Aveiitt. , * G. Davib Buckner, Secretary. 


OLUMBUS SECTION. 

Dr. Wolfgang Ostwald of the University of Leipzig gave a series of 
lectures to the Section on the subject of Colloid Chemistry. These lec¬ 
tures were held Monday, Feb. 16th, Tuesday, Feb. 17th, Thursday, Feb. 
19th, and Friday, Feb. 20th, at 8.00 p.m., and Friday at 5.00 p.m., all in 
the chemical lecture room of the Ohio State University. 

The subjects of the lectures were as follows: 

1. ‘*What are Colloids? Elements of Qualitative Colloid Analysis. 
Formation and Preparation of Colloids.” 2. “Mechanical, Optical, 
Electrical, Chemical Properties of Substances in the Colloid State. Classi¬ 
fication of Colloids.” 3. “Changes in the Colloid State. Internal Changes 
of St*te, Swelling, Setting, Syneresis, Adsorption, Coagulation, Peptisa- 
tion.” 4. “Scientific Application of Colloid Chemistry.” 5. “Technical 
Applications of Colloid Chemistry.” 

Fjriday evening a dinner was given for Dr. Ostwald at Ohio Union on 
the campus. r>. J. Dwomat, Secretary. 
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PITTSBURGH SECTION. 

The one hundred and fifth regular meeting of the Section of the American 
Chemical Society was held in the rooms of the Engineers’ Society of 
Western Pennsylvania! Thursday! February 19th. An illustrated paper 
on “By-Product Coke Ovens,” was given by Wm. H. Blauvelt, Consulting 
Engineer, Semet-Solvay Co., Syracuse, N. Y. c. g. storm , smutty. 

KANSAS CITY SECTION. 

The ninety-ninth regular meeting was held at the Y. M. C. A. Building, 
Kansas City, February 20, 1914. The following program was presented: 

“The Chemical Theory *&f Cancer,” by Dr. A. E. Hertzler;” “First Aid 
to the Injured for Chemists,” by Dr. W. H. Bailey. Preceding the meet¬ 
ing a dinner was held. b. smith. secretary 

NASHVILLE SECTION. 

The twenty-third meeting of the Section was held in Furman Hall of 
Vanderbilt University, on February 20th. E. J. Pranke spoke on “Some 
of the Problems of the Cyanamid Industry and their Industrial Solution.” 

Eoobnb G. Grab, Secretary. 


DECEASED MEMBERS. 

Chapman, D. W., 238 W. 23rd St., Chicago, January 17, 1914. 
Chatfield, George F., Lawrenceville, Ill., January 8, 1914. 

Jewett, Walter K., Univ. of Nebraska, Lincoln, Neb. 

Robert Kennedy Duncan, Director, Melton Institute of Industrial Re- 
seareh, University of Pittsburgh, Pittsburgh, Pa., February 18, 1914. 
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Proceedings. 

BOARD OF DIRECTORS. 

The directors of the American Chemical Society met at the Chemists’ 
Club in New York City, at 3.00 p.m., Saturday, February 28, 1914. 

President T. W. Richards was in the chair, and Directors Bogert, 
Hallock, Love, Bigelow, Smith and Parsons were present. 

It was voted: That reprints for all journals of the Society be regularly 
issued as standard without covers. Authors should be allowed fifty such 
reprints gratis. Should they desire covers, they shall pay cost therefor. 
For all reprints above fifty, six cents per page shall be charged for each ad¬ 
ditional fifty, which price shall cover also the cost of transportation. 

It was voted: That title and reference shall both be printed on the cov¬ 
ers of all reprints with covers. 

It was voted: That the territory of tiie California Section of the Amer¬ 
ican Chemical Society and of the Southern California Section be separated 
‘by a line drawn along the northern boundaries of San Luis Obispo, Kern, 
and San Bernardino Counties. 

A petition having been received from twenty-two chemists, members 
of the American Chemical Society, located in South Carolina, for a local 
Section, with territory covering the State of South Carolina, it was voted 
that the Section be authorized and a charter granted. 

A vote was passed instructing the Treasurer to place a portion of the 
funds now in hand on Certificates of Deposit, for short terms, in order to 
secure a higher rate of interest than regularly allowed. 

Also, that the President and Finance Committee, after consultation 
with Mr. Paul M. Warbui*,, executor of the estate of Moms Loeb, be 
authorized to invest a portion of the funds now in the treasury. 

It was voted: That the Secretary be instructed to issue the usual direc¬ 
tory of the Society on or before July 1, and that the necessary funds be 
appropriated therefor. 

It was voted: That $100 be appropriated toward the Annual Table of 
Physical Constants for 1914. 

It was voted: That the Secretary be authorized to deposit all collections 
made by him with the Munsey Trust Company, Washington, D. C., 
such deposits to be drawn out only by the check or draft of the Treasurer 
of the Society. 

It was voted: To continue until July 1st the salary of A. M. Patterson, 
with the hope that he may be able to resume work by that time. 
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council. 

MEMBERS ELECTED BETWEEN FEBRUARY 15 AND MARCH 15. 

Akers, Walter W., Santa Ana, Calif. 

Albrecht, Lewis, 50 Church St., New York City. 

Allen, Edwin T., 123 Hartley Hall, Columbia University, New York 
City. 

Allen, Herbert I., Apt. 4, The Marlboro, Wilmington, Del. 

Andrew, James P., 3600 Shaw Ave., Cincinnati, Ohio. 

Armeling, Geo. K., 1811 Riggs Ave., Baltimore, Md. 

Armstrong, George W., Engineering Experiment Station, Ames, Iowa. 
Attridge, Arthur J., Central Aguirre, Porto Rico. 

Bast, Rev. Victor A., .St. Charles College, Cantonville, Md. 

Bateman, Ray C., 244 Fayette St., Johnstown, Pa. 

Bennett, H. C., Santa Ana, Calif. 

Berger, Oscar, 311 Waldron St., Lafayette, Ind. 

Binder, William G., Delta Tau Delta House, State College, Pa. 

1 Blatchford, John, 333 N. Euclid Ave., Oak Park, Ill. 

Bloom, Charles L., 1038 Weslev Ave., Cincinnati, Ohio. 

Bohnson, Van L., State College, Pa. 

Borcherdt, Frederick H., 217 North Lincoln St., Chicago, Ill. 

Borden, Norman H., Box 114, Kingston, R. I. 

Bfenner, Ralph F., 246 Atwood St., Pittsburg, Pa. 

Brown, Arthur L., 553 Mifflin St., Wilkinsburg, Pa. 

Brown, F. E., High School, Fresno, Calif. 

Canine, Ralph J., 1935 Sherman Ave., Evanston, Ill. 

Carthaus, Wm. F., 3938 Flora Blvd., St. Louis, Mo. 

Cattell, J. McKeen, Garrison-on-Hudson, N. Y. 

Chiaravigho, D., via Treirso 7, Roma, Italy. 

Clarke, Stanley C., 4634 N. Robey St., Chicago, Ill. 

Clayton, Robert H., Manchester Oxide Co., Ltd., Manchester, England. 
Colby, Lawrence W., 37 High St., Andover, Mass. 

Creighton, Henry J. M., Swarthmore College, Swarthmore, Pa. 
Danker, Daniel J., 73 Dean Rd., Brookline, Mass. 

Darrow, Floyd L., 99 Livingston St., Brooklyn, N. Y. 

Davis, Chester P., 33 Arlington St., Cambridge, Mass. 

Davis, Hugh N., Canonsburgh, Pa. 

Davis, S. I., 1823 Barker Ave., Lawrence, Kans. 

Diehl, S. H., Rigand, Quebec, Canada. 

Dill, Leslie L., 82 Grang Ave., West, Highland Park, Mich. 

Donk, M. G., University of Idaho, Moscow, Idaho. 

Douglas, J. Parke, Mt. Pulaski, Ill. 

Drackett, P. W., 62 Pickering Bldg., Cincinnati,*Ohio. 

Duncan, Robert A., 1001 Locust St., Columbia, Mo. 

Eddy, George L., Bay Point, Calif. 

Ezekiel, Bertram, 1270 St. Patrick Ave., Montreal, Canada. 

Fehnel, J. Wm., 603 N, Main St., Bethlehem, Pa. 

* Frederick, Wm. J., 611 Bailey Dowell Bldg., Pittsburg, Pa. 
Garretson, *Thos. A., Lafayette College, Easton, Pa. 

Gerstle, John, 20 Virginia Apt., Rockdale Ave., Avon, Cincinnati, Ohio 
Glasgow, Ruth (Miss), Mellon Institute of Industrial Research, Pitts¬ 
burg, Pa. 
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Oodlove, Isaac H , 4330 Lindell Blvd., St Louis, Mo 
Gonzales, A. T, Gramercy, La 
Graf, Ernest S, 4751 Prairie Ave, Chicago, Ill 
Gray, John Lathrop, East 22nd St, Bayonne, N J 
Guernsey, F H , 70 Tracy St, Buffalo, N Y 
Guy, James S , Decatur, Ga 

Habeshian, Yeranos, 610 E Raynor Ave , Syracuse, N Y 
Hall, Albert E, Box 233, Mt Lebanon, Pa 
Halland, Chas J , 1220 Proctor St, Port Arthur, Texas 
Hanahan, Marion L , Ten 8, Umv of South Carolina, Columbia, So Car. 
Hanford, H W, Illinois State Water Survey, Urbana, Ill 
Hayes, F Albert, Winslow Bros & Smith Co, Norwood, Mass 
Heyroth, Francis F , 637 Hawthorne Avt , Price Hill, Cincinnati, Ohio 
HiU, Norman C , Freeport, Pa 
Hmck, C F , Jr , 150 Montclair Ave , Montclair, N J 
Hirshleifer, Louis J , 13 \aret St, Brooklyn, N Y 
Hitchcock, Frank C , 142 Central Ave , Rahway, N J 
Hitchms, Alfred B , cr Ansco Co, Washington St Binghamton, 
N Y 

Hochberger, E , 2244 S 50th Ave , Norton Park, Chicago, Ill 
Hulett, Edwin B , 4724 Rosehill St , Philadelphia, Pa 
Hunt, Orville B , cr Cutter Lab’y Berkeley, Calif „ 

Hutchinson, Charles G , 1 Seaside Ave , Muswell Hill London, N , 
England 

Ivarson, Torsten, Virginia, Minn 

Jordan, Harry W, cr Solvay Process Co , Syracuse, N Y 

Kelley, W W , 5943 Kingsbury Ave , St Louis Mo 

Knmrael, M A , 433 East 6th St , Erie, Pa 

Kmker, Edward, 3119 Borrman Ave , Avondale, Cincinnati, Ohio 

Kinscherf, Carl G , 620 Thurston Ave , Ithaca, N Y 

Koelle, Wm G , 5 Section Ave , Hartwell, O 

Kuzinan, Simon B , 924 Yale Station New Haven, Conn 

Kowalke, O L , Chemical Engineering Bldg, Madison, Wise 

Levis, George B , 617 Jelterson Ave , Niagara Falls, N Y 

Lewis, W B , Cr Sanitarium, Battle Creek, Mich 

Lippitt, Thos P , The Dupont, *7*7 20th St, N W , Washington, D C 

Mason, Jesse H , 182 Sherman St, Canton, Mass 

Maury, Robert L, 1024 W 8th St', Wilmington, Del 

McAdams, W H , 309 North Broadway, Lexington, Ky 

McKay, Robert J, 2616 Hilgard Ave , Berkeky, Calif 

Meyer, Emanuel M , 2530 Bell Place, Cincinnati, Ohio 

Meyers, Herbert H , 2640 Race St, Denver, Colo 

Miller, Walter, 161 Jaques St, Elizabeth, N J 

Molton, Blair, 819 Madison St, Evanston, Ill 

Montgomery, F J , 1229 Buena Vista St, N S, Pittsburgh, Pa 

Musselman, Amos S, 1203 Madison Ave, Baltimore, Md 

Nathan, Albert F , Liberty Tower, 55 Liberty St, New York City 

Neun, Dora E (Miss), 106 Mormngside Drive, New York City 

Page, Wm B , Bureau of Soils, Washington, D C 

Peter, Arnold H , 2508 Broadway, New York Citv 

Petersen, A H , 64 South Broadway, Akron, Ohio 
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Pickett, O. A., Box 237, Chapel Hill, No, Car. 

Rae, William N., Gov't. Technical Schools, Colombo, Ceylon. 
Raymond, Bernard, 215 West 10th Ave., Columbus, Ohio. 

Rees, Orton T., 1107 Arch St., Topeka, Kans. 

Revel, John W., Gladstone Hotel, Chicago, Ill. 

Rhodes, Frederick H., Nanaimo, B. C., Canada. 

Roth, George B., 1812 G St., N. W., Washington, D. C. 

Saladin, Harry J., 679 Field Ave., Detroit, Mich. 

Sawyer, Howard M., 30 Wyman St., West Medford, Mass. 

Schener, Elmer, cr. The 0 . Hommel Co., Pittsburg, Pa. 
Schragenheim, E., cr. Thos. Harbauer Co., Toledo, Ohio. 

Scott, George, cr. Sherwin Williams Co. of Canada, Ltd., Montreal, 
Canada. 

Simon, Morris, American Oilfields Co., Fellows, Calif. 

Smith, Charles V., Box 41, Morse Hall, Cornell Univ., Ithaca, N. Y. 
Sneed, M. Cannon, 827 Maple Ave., Newport, Ky. 

Somers, Francis P., 439 S. Chicago Ave., Kankakee, Ill. 

Stammeler, George F., 505 Luzerne St., Johnstown, Pa. 

Steele, Alma (Miss), 303 College Ave., Columbia, Mo. 

Stewart, Henry V., Hygienic Laboratory, 25th and E Sts., N. W., 
Washington, D. C. 

Stone, Edward C., 40 Allen Place, Hartford, Conn. 

Straw, Walter A., 907 S. 6th St., Champaign, Ill. 

Swan, Guy C., Box 422, San Francisco, Calif. 

Swenholt, John, Curtice Bros. Preserving Co., Rochester, N. Y. 
Taylor, Clifton, Clay & Allison St., Cincinnati, Ohio. 

Teeters, W. R., 827 Maple Ave., Newport, Ky. 

Thompson, E. D., Walton, N. Y. 

Transue, Victor H., Box 633, Port Arthur, Texas. 

Turner, William A., 37 Lake PI., New Haven, Conn. 

Voigt, Wm. L., 135 William St., New York City. 

Wade, Bruce, Kissam Hall, Nashville, Term. 

Walters, Edward H., Bureau of Soils, Washington, D. C. 

Ward, Fred. W., 292 High Park Ave., Toronto, Ont., Canada. 

Weaver, F. R., Box 121, Indiana Harbor, Indiana. 

Wemple, H. R., Waverly, Ill. 

Wenneis, J. M., 1752 Missouri Ave., St. Louis, Mo. 

Whetzel, J. Clyde, Box 204, Lexington, Va. 

Wichers, Edward, Chem. Bldg., Univ. of Illinois, Urbana, Ill. 
Wiltshire, C. B., 25 University Ave., Battle Creek, Mich. 

Worrall, David E., 12 Oxford St., Cambridge, Mass. 

Zonker, L. W., Reo Motor Car Co., Lansing, Mich. 


* MEETINGS OF THE SECTIONS. 

[FuH accounts of all meetings should be sent to Secretary Charles L. Parsons, 
Box 505, Washington, D. C.] 

* MILWAUKEE SECTION. 

At the February meeting of the Section, Professor Victor Lenher, of 
the University of Wisconsin, gave a very interesting talk on “Recent 



57 


Developments in the Chemistry of Gold ” The paper dealt with the de¬ 
posits of gold in nature, their origin, the transportation of gold in solu- 
fan, and the general chemistry of gold. c R . McK „, SterMary , 

INDIANA SECTION. 

On Monday evening, February 9, the Indiana vSection was addressed 
by Dr. Wolfgang Ostwald, of Leipzig, Germany, on “Recent Develop¬ 
ments in the Chemistry of Kolloids.” The meeting was held in the lecture 
room of the Science Building of Eli Lilly & Company’s plant. 

A. B. Davis, Secretary . 

SOUTHERN CALIFORNIA SECTION. 

This Section met at the Hollenbeck Caf£, Thursday evening, February 
19, 1914. An informal dinner preceded the meeting. The following pro¬ 
gram was presented: “The Fixation of Atmospheric Nitrogen,” by 
Dr. Arthur A. Noyes, Massachusetts Institute of Technology. “The 
Manufacture of Citrus By-Products in Sicily,” by Ed. MacKuy Chase, 
United States Bureau of Chemistry. Both subjects were illustrated by 

Slides. Walter L. Jordan. S ecretary 

\ 

NORTHEASTERN SECTION. 

Mr. John J. Elbert, of Worcester, Mass., addressed the Section on Feb¬ 
ruary 20 on the following subject: “Fixation of Atmospheric Nitrogen 
by Means of Boron Compounds.” C.rinnsm. JonUI. Secretary. 

LOUISIANA SECTION. 

The seventy-fourth meeting was held at the Louisiana State Museum, 
Friday, February 20, 1914. The program of the meeting consisted of an 
address on “Ceramic ProbVms,” bv Paul E. Cox, Ceramic Chemist, 
Newcomb Pottery. J. Hkatu Uvn Secretary. 

PHILADELPHIA SECTION. 

The regular meeting of the Section was held at the Franklin Institute, 
15 S. Seventh St., Philadelphia, Penna., on Saturday, February 21, 1914, 
at 8.15 p.m. An address on “The New Era in Chemistry,” illustrated 
by lantern slides, was delivered by Harry C. Jones, Ph.D., Johns Hopkins 
University, Baltimore, Md. 

The regular meeting of the Section was held at the Engineers’ Club, 
Philadelphia, Pa., March 19, 1914, at 8.15 pm. Mr. Maximilian Toch, 
of New York City, gave an illustrated address on “Paint as an Engineer¬ 
ing Material.” c. S. Brintom, Secretary, 

CALIFORNIA SECTION. 

The seventy-sixth regular meeting of the Section was held at the Uni¬ 
versity of California Club, Saturday, February 21, 1914. The paper 
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of the evening was on “An Ammonia System of Acids, Bases and Salts/' 
with experiments, by Edward C. Franklin, of Inland Stanford Junior 

University. Bryant 8. Drake, Secretary 


RHODE ISLAND SECTION. 

The February meeting of the Section was held in Providence, on Thurs¬ 
day evening, February 26. Professor Harlan H. York, Ph.D., of Brown 
University, spoke on “Some Constructive and Destructive Processes in 
Plants/’ Preceding the meeting, a dinner was served in the same 

room. Norman B Holt, Secretary 


MICHIGAN SECTION. 

The regular meeting of the Section was held Thursday afternoon, 
February 26, at 4.30, in the Chemistry Building. Dr. F. E. Bartell 
spoke on “Some Osmotic Experiments with Porcelain Membranes.” 

H. H Willard, Secretary 


DETROIT SECTION. 

The meeting of the Detroit chemists was held in the Stevens Building, 
on Friday, February 27. Mr. Fritz E. Stockelbach, of Frederick K. 
Stearns & Co., spoke on “Some Organic Syntheses.” The speaker was 
followed by three or four short papers by other members of the Section. 

Robert T Harris. Secretary 


* NEW HAVEN SECTION. 

A meeting was held at the Graduates’ Club, on Friday evening, Feb. 
37, 1914. Dr. Carl L. Alsberg, Chief of the United States Bureau of 
Chemistry, addressed the Section Upon “Com Molds and Their Relation 

tO Pellagra. . georoe S. Jamxebon, Secretary. 

PUGET SOUND SECTION. 

The February meeting was held at the Faculty Club House, University 
of Washington, Saturday, February 28. The paper of the evening was 
on “Tests on Paving Bricks and Brick Beams,” illustrated with the stere- 
opticon, by E. J. Bartells, Denny-Renton Clay and Coal Co. 

Ray W Clovoh, Secretary 


1 OREGON SECTION. 

A meeting of the Section was held at the Hazelwood, Portland, Satur¬ 
day, February a8, at 8.00 p.m. Mr. H. N. Lawrie, Chairman of the Com¬ 
missioners of the Oregon Bureau of Mines and Geology, addressed the 
meeting on “The Organization and Activities of the Oregon Bureau of 
Mines and Geology.” f. a. ouwm. Secetary . 
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ROCHESTER SECTION. 

The March meeting was held at the University of Rochester, on Mon¬ 
day Evening, March 3rd. Mr. W. R. Hurlburt, of the Goldschmidt 
Thermit Company, spoke on “Thermit—the Theory and Practical Ap¬ 
plication.” The lecture was elaborately illustrated with laboratory ex¬ 
periments, practical welding demonstrations, lantern slides, and motion 
pictures. 

A meeting of the Section was held in Reynold's Laboratory, 
University of Rochester, on Monday evening, March 16, 1914. Mr. 
David Coxford spoke on “The Application of Chemistry to the Baking 

Industry. Whaiam H. Baku*, Secretary , 


PITTSBURGH SECTION 

A special meeting of the Section was held in Thaw Hall, University 
of Pittsburgh, Friday, March 6. Dr. Wolfgang Ostwald, of Leipzig, 
delivered a series of lectures on “Technical Applications of Colloid 
Chemistry,” under the auspices of the Mellon Institute of Industrial 
Research, University of Pittsburgh. The Mellon Institute invited the 
members of the American Chemical Society to attend the entire series 
of lectures. c. O. Sto*m. Secretary. 


NEW YORK SECTION. 

The sixth regular meeting of the session was held in Rumforo 
HaU, 50 E. 41st St., Friday evening, March 6. The following was the 
program of the evening: Award of the Wm. H. Nichols Medal to M. 
Gomberg, for his work on Triphenylmethyl. Address by M. Comberg, 
“The Existence of Free Radicals.” Presentation of a bronze bust of 
Morris Loeb to the Chemists’ Club. Acceptance of the bust by Charles 
F. McKenna, President of the Chemists’ Club. C. M. Joyc*, Secretary. 

UNIVERSITY OB MISSOURI SECTION. 

The 47th regular meeting of the Section was held in the lecture room 
of the Chemistry Building, Friday, February 20', at 7 o'clock Dr. P. F. 
Trowbridge presented a paper on “Studies in Growth,” illustrated by 
laafera slides. 

The 48th regular meeting of the Section was held in the Chemistry 
Building at 7 o’clock, Friday evening, March 6. The following papers 
were presented by Dr. C. R. Moulton: “Lime Requirement of Soils 
W Means of the Hydroxides of the Alkaline Earths,” and “The Matter 
and Energy Metabolism of Animals at Constant Weight with Respect 
to the Active Tissue and the Surface Area.” o. c. s urm, Secretary. 
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CONNECTICUT VALLEY SECTION. 

The regular meeting of the Section was held in Springfield, Saturday 
afternoon and evening, March 7. The Water Shops and Hill Shops of 
the United States Armory were visited in the afternoon by forty-three 
members. Dinner was served at the Highland Hotel, followed by the 
regular business meeting. The papers for the evening were? (A) “The 
Progress in Our Knowledge of the Atom/' Dr. E. W. Morley. (B) Dis¬ 
cussion: “Corrosion of Metal by Water.” ( C ) Discussion: “Use of 
Electrical Apparatus in the Laboratory.” p. P . giluoak, secretary. 


ST. LOUIS SECTION. 

The regular meeting of the Section was held March 9, 1914, at & p.m., 
at the American Hotel. Mr. Dodge led a discussion on “Fire Risks in 
Chemical Factories.” Dr. Chas. E. Caspari led a discussion on the 
“Standardization of Weak^Solutions.” g«o*ob lang, j*„ secretary. 


LEXINGTON SECTION. 

The regular meeting of the Section was held in the College of Agri¬ 
culture, State University, at 8 p.m., March 11, 1914. Dr. W. R. Fleming, 
of the Andrews Steel Company, gave an illustrated lecture on “Metal¬ 
lurgy as Applied to Sheet and Pure Iron.” G davibbuckn **, secretary. 


CINCINNATI SECTION. 

The 190th regular meeting was held at the Ohio Mechanics' Institute, 
Wednesday, March 11 at 7 30 p.M.^The evening was given up to a report 
OU the Spring Meeting. Stkimian J Hauser, Secretary 


WISCONSIN SECTION. 

The March meeting of the Section was held in the Chemistry Building 
at 8 P.M., March n, 1914. Mr. Harry A. Curtis gave a lecture With 
demonstrations on “Principles and Methods of Modern Photochemis¬ 
try.” 

A. E. Kourno, Secretary . 


GEORGIA SECTION. 

A meeting of the Section was held at De Soto Hotel, Thursday evening, 
March 12, Matters of business affecting the future policy of the^fcc* 
tion were discussed. j. s. b.oo»o». 


WASHINGTON SECTION. 

The 236th meeting was held at the Cosmos Club, Thursday, March is, 
1914. The following program was presented: R. H. True, “Alcohol 
and Agriculture in Germany.” W. W. Garner, C. W. Bacon and C. L. 
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Foubert, " Changes that Take Place in the Curing of Cigar-Leaf Tobacco.” 
W. Blair Clark, “A Laboratory Routine Auxiliary to Sugar-Beet Breed¬ 
ing.” H. Hasselbring, “Carbohydrate Transformations in Sweet Pota¬ 
toes during Storage.” Illustrated with lantern slides. 

« Robert B. Sosman, Secretary < 


SYRACUSE SECTION, 

A special meeting of the vSection was held Friday, March 13, at 8.15 
p.m., in the Syracuse College of Medicine Building. The papers of the 
evening were: “A Chat on the Development of the Plate,” by Mr. 
E. J. Wall, of Syracuse University. ‘‘Electrochemical Indicators, or 
Instruments for Indicating and also for Continuously Recording 
the Strength of Solutions from their Electrical Conductivity,” by 
Dr. F. A. Harvey, Syracuse Universit}. H . b. kwer. secretary. 

CLEVELAND SECTION. 

The regular meeting of the Section was held at the City Club Rooms, 
Monday evening, March 16. Wm. M. Kinney, of the Universal Port¬ 
land Cement Co., Pittsburgh, Pa., gave an illustrated lecture on ‘"the 
Manufacture of Portland Cement.” w . kifpeb. secretary 

UNIVERSITY OF MICHIGAN SECTION. 

The March meeting of the Section wa^ held Tuesday, March 17, m the 
Chemistry Building. Professor M, Gomberg gave a very interesting re¬ 
view of his work on “The Existence of Free Radicals.” 

H H. Willard. Secretary 


CHICAGO SECTION. 

The March meeting of the Section was held at the Hotel Sherman, 
March 20, at 8.00 p.m. The subject of the evening was "Wood Preser¬ 
vation,” by Clyde H. TeesJale, Forests Products Laboratory, Madison, 
Wis. The lecture was illustrated by lantern slides and specimens. 

D. K. French, Secretary - 

NASHVILLE SECTION. 

The 24th of the Section was held in Furman Hall of Vanderbilt 

U ni v ersi ty, on Friday ev enin g, March 20, 1914, a * 8 o’clock. The pro 
gram included the following papers: “Synthetic Rubber,” by Dr. J. 1 . 
McGill. “The Enforcement of the National Food and Drugs Act,” by 
Dr. R. W. Balcom. Victor P. Lee, Secretary 


KANSAS CITY SECTION. 

The 100th meeting of the Section was held in the Chemistry Building 
of tbe University of Kansas, Lawrence, at 3 p.m., Saturday March 21, 
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1914- Dr. William McPherson, of the Ohio State University, gave an 
illustrated lecture on " European Chemists and Their Laboratories.” 

Correction: Prof. W. W. J 3 rown also spoke at the February meeting. 
Subject: "Acid Intoxications of the Body.” w B sun* suniary 

DSCBASBD MEMBER. 

Barnard, Edith Ethel, Ph.D., instructor in Chemistry at the University 
of Chicago, March 8, 1914. 



Tawed with the May Number, 1914 


Proceedings. 

PROCEEDINGS, GENERAL MEETING. 

The forty^ninth general meeting of the American Chemical Socie$ 
was held at Cincinnati, Ohio, Monday, April 6th to Friday, April ioth. 
The meeting opened with a Council meeting on the evening of April 
6tli. Tuesday morning the general meeting of the Society was held in 
the auditorium of the University of Cincinnati and was addressed by the 
Hon. Frederick S. Spiegel, Mayor of Cincinnati, and by President Charles 
W. Dabney, of the University of Cincinnati, both welcoming the Society 
to the city. President T. W. Richards of the American Chemical Society 
fittingly responded. The Society then held a general meeting, at which 
the following papers were presented* 

“The Chemical Problems of an Active Volcano” (illustrated), by Ar¬ 
thur L. Day. 

“The Chemical Fitness of the World for Life,’’ by L. J. Henderson. 

“Flame Reactions,’* by W. D. Bancroft. 

“Chemical Reactions at Low Pressures,” by Irving Langmuir. 

At one o’clock the Society adjourned for an excursion to the Filtration 
Plant of the Cincinnati Water Works, optional excursions being available 
to the following plants 

Andrews Steel Co, Wiedemann Brewing Co., Old “76” Distilling Co., 
Frank Tea and Spice Co, Heekin Spice Co., Icy-Hot Bottle Co., Cin¬ 
cinnati's New City Hospital, preceded by ear ride through suburbs, 
The Dolly Varden Chocolate Co., W. T. Wagnets' Sons—Mineral Waters. 

In the evening, a compl ,, nentary dinner was given to the ladies at¬ 
tending the meeting, followed by a theatre party. At eight o'clock, p.m., 
a complimentary smoker was held at the Hotel Sinton, with 5 so members 
and guests present. Mementos were given to all those attending, and the 
smoker will long lie remembered, especially for the interesting and witty 
entertainment provided by the local members, and by talent especiall} 
engaged for the occasion. 

Divisonal meetings vere held on Wednesday morning and all day Thurs¬ 
day at the University of Cincinnati, at which 181 papers were presented, 
a special symposium on the teaching of organic chemistry being also held 
by that Division The titles of these papers will appear in the May 
issue of the Journal of Industrial and Engineering Chemistry , and need 
not be repeated here. 

Complimentary lunches were furnished on Wednesday and Thursday. 
On Wednesday afternoon the members were taken through the works 
of the Globe Soap Company and Proctor and Gamble, with the following 
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optional excursions also offered: W. S. Merrell Chemical Co., Lloyd 
library & Museum, Fleischmann Distilling Co., American Diamalt 
Co., Eagle White Lead Cp u National Lead Co., Lunkenheimer Co.— 
Brass Goods, the Zoological Gardens. 

On Wednesday evening a Symphony Concert was given complimentary 
to the members of the Society, and the immense Emery auditorium was 
filled to hear a concert, under the direction of Ernst Kuhnwald, which 
has had few superiors in the history of American music: 

On Thursday evening, a banquet was enjoyed by the members at the 
Hotel Sinton, with some 300 present. The banquet was unusual in that 
especially fine music was furnished by soloists. A decoration particularly 
worthy of note was an immense American Chemical Society pin in blue 
and gold flowers. 

On Friday, a special train complimentary to the members of the Society 
took them and their guests to Dayton to visit the works of the National 
Cash Register Company, where lunch was served to all of those attending, 
after which the train proceeded to the works of the American Rolling 
Mills, at Middletown, and from there to Cincinnati. This day's excursion 
was particularly Enjoyed and the works visited were among the most 
interesting ever opened to the members of the Society. 

The ^meeting closed with the arrival of the members in Cincinnati 
and will always be remembered by those present. The members and 
officers of the Cincinnati section put out every effort to insure the comfort 
and entertainment of their guests, and their hearty good will will never 
be forgotten by the recipients of their hospitality. 

Meetings of all of the divisions of the Society, as well as the India 
Rubber Section and the Water, Sanitation and Sewage Section were held. 
Details will appear in the published program, as above stated. 

The meeting was the largest spring meeting ever held, in the history of 
the Society, 658 members and guests being present. 

Charles L. Parsons, Secretary. 

DIRECTORS’ MINUTES. 

The Directors met at the University of Cincinnati, in Cincinnati, 
Ohio, at 10.30 o’clock, a.m., Thursday, April 9th, with President Richards 
in the chair, and Directors Bigelow, Brady, Smith and Parsons present. 

The Secretary was directed to send a vote of thanks to the President 
of .the Cimi^xati Section, Frederick W. Weissmann; the Secretary, Stephan 
J. Hauser; the Cincinnati Section; to the Chairmen of 

the local committees, Mrs. J. W. Kims, Archibald Campbell, G. Famham, 
C. T. P. Fennel, John Uri Lloyd, J. W. Films, R. Lord, Lauder W. Jones* 
F. C. Broeman, F* O. Clements, and through them to the members of 
their committees; the trustees and President of the University of Qht* 
rinnati; the Mayor of Cincinnati; Director Ernst Kuhnwald, Conductor 
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!f the Cincinnati Symphony Orchestra; Emil Hermann, violin soloist 
>f this orchestra; to the officials of the various plants which had opened 
heir works and shown courtesies to the American Chemical Society; 
to Professor E. B. Remelin for his scientific (?) lecture at the smoker, 
md to Dr. H. M. Goettsch for his untiring attention to the detail of th£ 
meeting. 

A letter from Mr. J. J. Miller, Associate editor of Chemical Abstracts, 
was presented to the Directors pointing out the necessity for further 
funds and increased space in Chemical Abstracts, and it was voted that the 
editor be authorized to increase the average size of the issue for the year 

1914 from 170 to 175 pages, and that $1250 additional be appropriated 
to Chemical Abstracts. 

The meeting then adjourned. 

Charles L. Parsons, Secretary. 

COUNCIL MINUTES. 

The Council of the American Chemical Society met at the^Hotel Sinton, 
Cincinnati, Ohio, on Monday evening, April 6th, at eight o’clock, p.m., 
with President Richards -in the chair, and the following councilors and 
substitutes present: 

R. H. McKee, E- H. vS. Bailey, W. D. Bancroft, E. K. Cameron, Alex. 
Smith, L. C. Drefahl, H. P. Talbot, K. G. Mackenzie (sub.), 
R. W. Rohde, F. W. Robison, W. D. Bigelow, S. W. Parr, L. W. Jones, 
Chas. Baskerville, Friend E. Clark, W. K. Henderson, J. I. D. Hinds, 
H. N. McCoy, W. F. Hillebrand, J. H. Ransom, S. F. Acree, M. X. Sullivan 
(sub.), J. T. Baker, G. B. Frankforter, W. J. Hale (sub.), W. T. Taggart, 
A. M. Breckler, P, A. Kober (mb.), Bernhard C. Hesse, A. Campbell, F. R. 
Eldred, W. F. Montfort, L. A. Touzalin, L. I. Shaw (sub.), Wm. Brady, 
C. II. Herty, F. N. Smalley, S. S. Voorhees (sub.), 1 . K. Phelps (sub.), 
G. P. Adamson, W. D. Richardson, H. E. Howe (sub.), D. K. French, 
A. C. Langmuir, K. W. Washburn, E. Bartow, J. Steiglitz, W. A. Noyes, 
J. Kendall (sub.), F. B. Allan, and A. 11. Sabhi (sub.) 

A change in the By-laws of the Fertilizer Division by which Article 5 
of that Division was changed to read as follows: 

“The fhairtTiar shall, with,the advice and approval of the executive committee, 
appoint from time to time standing committees of the Division to consider, conduct 
and report upon such special matters as may be delegated to them The following 
committees shall be appointed at the annual meeting, or as soon thereafter as may be 
expedient: a . Committe on Fertilizer Legislation, b. Committee on Research and 
Methods of Analysis.” 

was approved by the Council. 

The invitation of the Louisiana Section to hold the spring meeting of 

1915 in New Orleans was accepted and the Secretary tfas directed to 
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arrange lor the exact date with the officers of that section and to thadk. 
them. 

A communication was presented to the Council from the secretary of 
the Committee on Organization and Membership of the American As¬ 
sociation for the Advancement of Science, stating that the American 
Association had arranged to have, every four years, a meeting in one of 
our larger cities in the hopes that the American Chemical Society and 
other societies not now regularly affiliated with the association might 
be induced to meet with them at these four-year periods. It was voted 
that the Secretary be instructed to reply that the sentiment of the Council 
was entirely favorable to the proposed plan, and to state that it is the 
opinion of the Council that the American Chemical Society will hold its 
annual meeting in 1916 with the American Association for the Advance¬ 
ment of Science at the place selected, convocation week, December- 
January, 1916-1917. 

A communication was received from the President of the Cotton Products 
Analysts, asking by what arrangement their Society could become a sec¬ 
tion or division of the American Chemical Society. After some discussion 
it was voted that the Cotton Products Analysts be invited to become a 
section of the American Chemical Society under the usual conditions 
covering sections of the Society, the same to be explained in detail to the 
officers of the Cotton Products Analysts by the Secretary. 

Committee reports were then presented to the Council through the 
President, as required by the Constitution. The reports of the following 
committees were accepted and placed on file: on Patent and Related Legis¬ 
lation, on Standard Methods of Water and Sewage Analysis, on Paper, 
the Perkin Medal Committee, on Membership, on Exchanges, on the 
Quality of Reagents, on Endowment, on Occupational Diseases, and on 
Notation of Physical Chemistry. The report of the Committee on In¬ 
organic Chemical Nomenclature brought out extended discussion. It 
was voted by a large majority (44 to 1) that the Council of the American 
Chemical Society are in favor of the use of “beryllium" rather than 
“glucinum" and that this preference be transmitted by the Secretary 
and the Society’s delegates to the International Council of Chemical 
Societies. It was voted also by a large majority (32 to 2) that the Council 
favor the name M columbium“ rather than “niobium" and it was directed 
that the Secretary and our representatives on the International Council 
transmit the request the International Council that they reconsider 
their action in favor of “niobium," especially in consideration of the fol¬ 
lowing statement erf F. W. Clarke, chairman of the International Com¬ 
mittee on Atomic Weights: 

At a meeting of the Council of the International Association of Chemical Societies 
in Brussels, last September, a committee on inorganic nomenclature, among other 
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ecommendations endorsed the name and symbol " niobium" and “Nb,” for the ele 
nent which was originally named columbium As this recommendation is historically 
erroneous, a bnef statement of the facts appears to be desirable 

In *8oi, Hatchett, an English chemist, analysed a strange American mineral* 
and m it found a new metallic add, the oxide of an dement which he named columbium 
A year later, Ekeberg, in Sweden, analyzed a similar mineral from Finland, and dis¬ 
covered another element, which he called tantalum Wollaston, in 1809 undertook 
a new investigation of these elements, and conduded that they were identical, a con¬ 
clusion which, if it were true, would have involved the rejection of the later name, and 
the retention of the earlier columbium The accepted rules of scientific nomenclature 
make this point dear 

For more than forty years after Hatchett's discovery both names were in current 
use, for although Wollaston s views were accepted by many chemists, there were others 
unconvinced In 1844, however, Heinrich Rose, after an elaborate study of columbitc 
and tantahte from many localities, announced the discovery of two new elements 
m them, niobium and pelopium The latter supposed element was afterwards found 
to be non-existent, but the niobium was merely the old columbium under a new name 
That name m some mysterious manner was substituted by the German chemists for 
the original, appropriate name, and has been m general use in Europe ever smee In 
America, the name columbium has been generally preferred, and was formally endorsed 
by the Chemical Section of the American Associatum for the Advancement of Science 
more than twenty years ago In England, also, columbium i-> much used, as for ex¬ 
ample, m Roscoe and Schorlemmers Treatise on Chemistry, Thorpes Dictionary* of 
Applted Chemistry, and the new edition of the Encyclopedia Bntanntca 

The foundation of Rose’s error seems to have been an uncritical acceptance of 
Wollaston's views, for he speaks of all the minerals he studied as tantahte He also, 
at least m his original memoir, claims that the atomic weight of mobium is greater 
than that of tantalum, and here he was obviously wrong 

In short, the name columbium has more than forty years’ priority, and during that 
interval was accepted by many chemists, and was more or less in current use To 
employ the name mobium is not only unhistoncal, but is also unfair to the original 
discoverer, meaningless, and without any justification whatever Furthernore, it 
injures the splendid reputation of Rose, for it perpetuates and emphasizes one of his 
few errors The recommendation uf the committee above mentioned should not be 
accepted, for it is opposed to the established rules of priority 

It was voted that the Council disapproves of the recommendation 
K” of the International Association's Committee in Organic Nomen¬ 
clature in reference to the suffixes -of -a, -1, -e, -on, -an, in, and -en, 
to indicate the valencies from 1 to 8. It was voted to refer the remainder 
of this report back to the committee to report directly to the International 
Council, and the Secretary was directed to place the whole report on file. 

The reports of the Finance Committee and the Supervisory Committee 
on Methods of Analysis were received and ordered printed 
Report of tire Finance Committee. 

To the Members of the American Chemical Society 

In accordance with the requirements of the Constitution of the Society, your 
Finance Committee begs to submit the following report for the year ending November 
3 o, 1913 

AH bills presented during the year have been examined end approved by the Com¬ 
mittee before payment by the Treasurer 



Acting under the authority of the Committee, Messrs J Yalden & Co, certified 
public accountants, have audited the accounts of the Treasurer, and report as follows* 
14 As per instructions received, we have audited the books and accounts of your Treas¬ 
urer, Dr A P Hallock, for the year ending December x, 19x3, and beg to report that 
we have found the same correctly kept and all payments made on the authority of duly 
approved vouchers 

44 The cash on hand, as shown by the books, is m accord with that as *hown by the 
banks, as follows 

Farmers Loan and Trust $5,478 04 

First National Bank, Yonkers 2,901 73 

$8,379 77 

44 We also notice there is a fund known as the Morns Loeb Endowment Fund 4 
which has been created for a special purpose and ison deposit, and amounts to $35,000 00 
44 The 9ecunties owned by the Society, we havt examined and find them to be as 
stated on your Balance Sheet We are also informed that there are no liabilities e\ 
isting, with the possible exception of the Life Membership Fund ” 

The statement of the Treasurer's accounts together with the Balance Sheet arc 
attached (See January Proceedings ) 

Respectfully submitted 
E G Lovn, 

G C Stone 
A W Hill 

* Finance Committee 

Report of the Supervisory Committee on Methods of Analysis. 

In accordance with the provision of the Constitution relating to Standing Com 
mittees, I submit to you, for transmission to the Council my report as Chairman of the 
Supervisory Committee on Methods of Analysis covering the period since February 
27, 1913, the date of my last report 

In general it will be seen that little activity has been manifested by some of the 
committees engaged m the study of analytical methods, and no reports of a final charac 
ter have been made The membership of the several committees has undergone little 
change 

I Committees op the General Society 
x Committee on Revision of Methods of Coal Sampling and Analysis 
A joint committee representing the American Chemical Society and the American 
Society for Testing Materials ^preliminary report from this committee was published 
in the Jomnal of Industrial and Engineering Chemistry , 1913, page 517, and it weft made 
tht bans for discussion at the Rochester meeting in September, 1913 The committee 
has bdbiist work on a modified report which will be discussed at the Cincinnati meeting 
in Apra next, and also at the June meeting of the American Society for Testing Materials 
2 Committee on Methods of Analysis of Potable Waters and Sewage 
As mentioned m my last report, this committee is working m conjunction with 
a similar committee of the American Public Health Assoc ation Topics have been 
assigned to members of the two committees and the methods published in 19x2, by the 
American Public Health Association will be tested and revised if necessary ^ progress 
report will be presented at the Cincinnati meeting 

II Divisional Committees 
A Division of Industrial Chemists and Chemical Engineers 
1 Committee on Standard Specifications and Methods of Analysis 
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In September last, Mr. H. J. Skinner, Chairman, resigned. At the date of this 
Report his place has not been filled nor has a* new chairman been appointed. Mr. 
Skinner on retiring presented to the Division a report, from which as well as from later 
information supplied by Mr. Skinner and the Chairman of the Division, it appears that: 

(a) A new subcommittee was appointed to consider the whole subject of heavy 
mineral adds, by combination of the several committees formerly in charge of a single 
material each, but as yet no report has been rendered. 

. (b) The three subcommittees on Caustic, Soda Ash and Bleaching Powder have 
been (combined in one subcommittee on Bleach and Alkali. 

(r) The subcommittee on alloy analysis has accumulated sufficient data to enable 
it to formulate a standard method for the determination of copper in refined copper and 
ulso in copper containing the usual impurities. When the method has been formulated 
samples of Copi>er will be distributed for cooperative analysis The membership of this 
subcommittee is: W. B Price, Chairman, George i, Heath, Gilbert Rigg, Bruno 
Woicieehowski, and Alden Merrill. 

(d) No reports have been rendered by any subcommittee 

2. Committee on Soap and Soap Products 

No progress has been made, owing to the inactivity of subcommittees 

B Division of Fertilizer Chemists 

1. Committee on Potash 

The progress report presented at the Milwaukee meeting in March, 1913, has 
lieen published in the Journal of Industrial and Engineering Chemistry , 1913, purge 431. 
No new work is contemplated at present. 

2. Committee on Phosphoric Acid. X 

At the Rochester meeting in September, 1913, it was (Uft to place the work of 
the various subcommittees on analysis in the hands of thi^Swocutive Committee of 
the Division for approval The chairman will submit to the Rl&ecutive Committee 
at the Cincinnati meeting of the Division a r£sum6 of work done, With recommendations 
for futilre work. A report, supplementary to that appearing in the Journal of Industrial 
and Engineering Chemistry, 3, n8, is to be found in the same Journal, 5, 956. 

3. Committee on Nitrogen. 

The Committee on Nitrogen has in hand the preparation of a suitable sample of 
commercial nitrate of soda for codperative work. No report of progress has been made 
during the year. 

4. Committee on Phosphate Rock. 

\ A report of ptegress from was published in the Journal of Industrial 

and Engineering Chemistry , 5, page>9,57- _ ^ 

C. Division of Pharmaceutical Chemists. 

Committee on Quantitative Methods of Analysis. 

No reports have been printed during the year, but a 'progress report will be pre¬ 
sented at the Cincinnati meeting. The work now in hand has been divided into %ree 
sections, each of which will teceive special investigation by a member of the committee. 
The subjects are : The quantitative estimation of santonin and of quinine and strych¬ 
nine, particularly in pharmaceutical preparations, and of mercuric iodide, in pills and tablets. 

1 D. Section of India Rubber Chemists. 


It Committee on Analysis of Rubber and Rubber Mp 

f This committee has worked continuously jm^Mptoetdure for analysis Prelim- 
inlay reports have been submitted to the flection and ember report will be made at 
the Cincinnati meeting in April. 

W. F. Hsuubbranii, Chairman, Supervi s o ry Committee on Methods of Analysis. 

The Report of the Committee on ftusiness Management was then 
received, and after a short discussion it was voted that the committee 
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have printed and sent to the individual members of the Council at t 
expense of the Society their report! together with such arguments j 
and against the action recommended as it may see fit, that the Councilc 
consult their sections as they may see fit, that this report be discuss 
at %n annual meeting, finally a letter ballot on each individual questi 
be taken, and that in the meantime the report be laid on the table, 
was further voted that if the report and arguments reach the sectic 
before May 15th, the report shall be considered at the Montreal meetfc 
if later than May 15th, at the annual meeting of 1916. 

The Council then adjourned. 

Chari.es L. Parsons, Secretary, 

MEMBERS ELECTED BETWEEN MARCH 15 AND APRIL 15, 1914. 
Angier, F. J., Mt. Royal Station, Baltimore, Md. 

Bayless, Raymond Theodore, 194 Helen Ave., Detroit, Mich. 

Betz, C. E., 303 South Ave., Wilkinsburg, Pa. 

Black, T. S., Cudahy Refining Co., Chicago, Ill. 

Blanc, Charles, 362 E. Buchtel Ave.,-Akron, Ohio. 

Blaut, Samuel J., 331 East 51st St., New York City. 

Bloom, Oscar T., 7211 Stewart Ave., Chicago, Ill. 

Bogart, James H., Detroit Insulated Wire Co., Detroit, Mich. 

Bum, Harry, Birmingham, Ala. 

Carr, R. H., 24 St., LaFayette, Indiana. 

Carter, H. W.JgHHtone Tire and Rubber Co., Akron, Ohio. 
Chamberlain, Wm/"Hepburn, 1124 East Capitol St., Washington, D. 
Chapman, Cloyd M., 37 Wall St., New York City. 

Childs, David H., 261 Huntington Ave., Buffalo, New York. 

Collitt, Bernard, 37 South Park, Lincoln, England. 

Comstock, Daniel F., Inst, of Technology, Boston, Mass. 

Cooper, Albert B., 56 Ave., Lachine, Quebec, Canada. 

Cox, Frank, 312 Maple Ave,, Danville, Ky. , ^ 

Cross, Wilbur N., 6600 Yale Ave., Chicago, 1130 / 

Deitemeier, Wilhelmine, 2519 Homestead PUumpincinnati, Ohio. 
Dejonge, Emil, Fitchburg, Mass. * 

Eicher, B. L., 518 East 42nd St., Chicago, Ill. 

Emley, Warren E., Bureau of Standards, Pittsburgh, Pa. 

Fenger, Frederic, 3932 Lake Park Ave.. Chicago, fil. 

Frank, Leslie C., U. S. Public HealtkSccsace, Washington, t). C. 
Frederiksen, F. M.. 17 South New York. 

(Sinsburg, S. M., 60 Munroe St., Roxbury, Mass. 

Grimshaw, Albeit H., 289 Purchase St., New Bedford, Mass. 

Goebel, Lee H., 1281 3rd Ave., E., Cedar Rapids, Iowa. 

Goldstein, Joseph, 1501 North Hoyne Ave., Chicago, Ill. 

Graham, william, 61 1 <$$jky Farrell Bldg., Pittsbuigb, Pa. 

Gross, Edward L., 1112 West 37th Street, Chicago, Ill. 

Gross, Nels, 759 Pensacola Ave.,, Chicago, Ill. 

Harrison, John William, Trinity College, Hartford, Conn. 

Hess, J. Raymond, 222 East 8th St., Topeka, Kan. 

Hiller, Fred. L., 571 Linden Ayt., Yotk, Pa< 

Hovey, R. W., 250 Sherbrooke St., W., Montreal, Quebec, Canada. 
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Huestis, James D,, Fonda, New York. 

Hume, Robert F., 229 South 2nd St., Duquesne, Pa. 

Hutshing, Edwin E., 1013 Green Bldg., Seattle, Wash. 

Johnson, Arthur K., Andover, Mass. 

Katz, Louis, Food and Drug Lab., 641 Washington St., New York City. 
Kelly, Ed., 76 Court St., Brooklyn, New York. 

Kelly, William, Transportation Bldg., Montreal, P. Q., Canada. 

Kuhre, Kenneth D., Sandy, Utah. 

Lloyd, H. E. care Barrett Mlg. Co., 2900 So. Sacramento Ave., Chi¬ 
cago, Ill. 

Luck, Julius, A. W., 2433 Telegraph Ave., Berkeley, Cal. 

Lusskin, Abraham, 1015 E. 156th Street, New York City. 

Marszalek, John A., 2838 Washington Blvd., Chicago, Ill 
McEwen, Lyman, O’Brien Mine, Cobalt, Ontario, Canada. 

McIntosh, James, Diamond State Fibre Co., Bridgeport, Montgomery 
County, Pa. 

McLachlin, A. F., 115 Ross St., St. Thomas, Ontario, Canada. 

M&idez, Joaquin, Clarkson College, Potsdam, New York. 

Merica, Paul D., Chemical Bldg., Urbana, Ill. 

Merry, George B., Stillwater, Oklahoma. 

Mitchell, Roy C., 430 W. Symmes St., Norman, Oklahoma. 

Monroe, Kenneth Potter, Norman, Oklahoma. 

Morrissey, John P., St. Xavier Collage, Cijnjcamtrti, Ohio 
Nelson, Hubert E., 3438 PolklSt., Chicago, Ill. ’ - -j 

Neuffer, Le^fora, 315 Pattejapn St., Locked, Cincinnati, Guo 
Parks, L. R., State College, ra. 

Rowell, HarTy E., 629 Terrace Place, Schenectady, New Yorlj. 

Savage, John W., 3890 Grant Blvd., Pittsburgh, Pa. 

Saxon, Gordon J., 5314 Spruce St., Philadelphia, Pa. 

Scherrer, Peter, 2814 Vine St., Cincinnati, Ohio. 

Shakman, James G., 5013 Grand Blvd., Chicago, Ill. 

Slater, Henry Byron, Riverside, California. 

Smith, Frank B., Ijgden House, Bayonne, N. J. 

Smootz, John P., OiwtJnion, Ohio State Univ., Columbus, Ohio. 
Stockmayer, Dr. Hugo, 124 Prospect Place, Rutherford, N. J. 

Streeter, H. W., 2012 Clarion Ave., Cincinnati, Ohio. 

Suer, Werner John, 314 Vv. McMillan St., Cincinnati, Ohio. 

Sykes, Roy A., 108 Howe Ave., Passaic, N;J, 

Tyson, Harry E., Weatherly, Pa. ** 

Waring, F. Hohman, 2211 McGregor Place, Cincinnati, Ohio. 

Watts, Hugh F., 923 Pearl St., Boulder, Colorado. 

West, Augustus P., University of the Philippines, Manila, P. I. 

. Wickizer, H., 1214 N. Main St., Los Angeles, Cal. 

Williams, Seward, care Bauer and Black, 25th and Dearborn Sts., Chi 
cago, m. 

Williams, W. E., 4433 Lake Park Ave., Chicago, Ill. 

Wolf, Fred. L., Ohio Brass Co., Mansfield, Ohio. 

Wollner, Leo, 1537 Clyhourn Ave., Chicago, III. 

Wright, Neil, Highland and IGnsey Aves., Cincinnati, Ohio. 
corporation members. 

Consolidation Coal Co., Fairmont, West Virginia. 

MalHnckrodt Chemical Works, St. Louis, Mo. 
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MEETINGS Or THE SECTIONS. 

[Full accounts of all meetings should be sent to Secretary Charles L. Parsons, Box 505 1 

Washington, D. C.] 

WESTERN NEW YORK. 

The January meeting was held in the Lecture Hall of Canisius College, 
Buffalo, N. Y., on January 13, 1914. Mr. H. E. Howe, of the Bausch & 
Lomb Optical Co., Rochester, N. Y. f gave an illustrated lecture on the* 
manufacture of optical glass and also gave a lantern demonstration* of 
the projection of spectra. The meeting then adjourned. After the 
formal session of the meeting was over, the members were entertained 
by Father Ahem and his colleagues. 

A meeting of the section was held on Friday, March 20th at 8.30 at 
the University of Buffalo, Buffalo, New York. The following papers 
were presented: “Accident Prevention,” by Walter Wallace. “Treat¬ 
ment of Minor Injuries by the Chemist/' by Charles E. Taylor. “First 
Aid ’ by W. Lewis Wilson. Previous to the meeting an informal dinnei 

WaS served- Walter Wallace Secretary 

UNIVERSITY OF IWJNOIS SECTION. 

The reffjl^' was held on January tdtft. 

Dr. Wolf^ yf *the univers^jf of Leipzig, ^h&tured on tP* 
subject “tain, Wm^tmistry.” 

The Fe, Cloy meeting was held February 24th and was addressed 
Mr. J. R?'Powell, Chief Chemist of the Armour and Company So^ 
Works, Chicago. Mr. Powell’s subject was “Perfumes.” 

On March 18th a joint meeting of the Section with the Illinois Chapte 
of Sigma Xi was addressed by Professor S. W. Parr on “Some Wester 

Fuel Problems.” P», T % McFarland, Secretary 

OREGON SECTION. I 

The 10th regular meeting was held at The Hazelwood, Portland, Satui 
day evening, January 17th, preceded by the usual dinner. A paper wa 
presented by Mr. A. A. Wagner on “The Electron Conception of Valence 
Oxidation and Reduction.” 

The nth regular meeting of the Oregon Section was held at The Hazel¬ 
wood, Portland, Saturday evening, February 28th, preceded by a dinner. 
It was voted to accept the invitation of the Puget Sound Section and join 
with them in a meeting of all the coast sections to be held in Seattle in 
connection with the annual meeting of the .Pacific Association of Scientific 
Societies in May. A paper was presented by H. N. Lawrie, chairman 
of the Board of Commissioners of the Oregon Bureau of Mines and Geology 
on “The Organization and Activities of the Oregon Bureau of Mines 
and Geology.” 

The 12th regular meeting, of the Section was held at The Hazelwood, 
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ortland, Saturday evening* March 28th. The following papers were 
>esented: “Arsenates of Lead and their Insecticidal Properties,” 
r H. V. Tartar and R. H. Robinson. “Electric Steel Furnace Work,” 
► A. E. Green. f a olmstbd Secretary 

* WASHINGTON SECTION. 

There was'a joint meeting with the Washington Academy of Sciences 
Monday, March 16th, at 8.30 p.m., at the Cosmos Club. The following 
lress was given: “The Chemistry of Colloids,” by Dr. Wolfgang 
.wald, of the University of Leipsic. 

Che 237th meeting was held at the Cosmos Club, Thursday, April 
914. The program consisted of the following papers ‘ H. S. Washing 
, “The Di*tribution of the Chemical Elements in the Earth’s Crust '* 
P. Dewey, “The Pyrometer in the Assay Muffle ” W. O Km<, 4 y 
and S. Palkin, “The Estimation of Autipyrin.” R. K. Lee, “T\ie Guil¬ 
laume Apparatus for the Distillation and Rectification of Alcohol.” 

Robert B Sosmcan, 6 ecre Jrv 
SOUTHERN CALIFORNIA SECTION. ^ 

The regular March meeting of this Section was held at the ^Hollenbeck 
Cafe, Thursday evening, March fennel dinner at six 

o’clock preceded the meetir** St., Chicago, Ill. ^ presented: 

“The Slater Process of Extracting Copper'WS?’ Cincinnati, Gl^ es i, j^ r 
Harry W. Morse. “Some Interesting Non-technicai York 0 ^ German 
Industry,” Mr. Walter A Schmidt. 

The regular April meeting of the Section was held at the Hollenbeck 
Cafe, Thursday evening, April 16, 1914 An informal dinner preceded 
the meeting. The following program was presented “Softie Phases 
of German Chemical Industry, Including the Manufacture of Dyestiffs,” 
Dr. Wilhelm Hirschkind. “The Manufacture of Automobile Tire,” 

|Mr. S. p. Thacher. Waltkr I, Jordan. Secretary 

PITTSBURGH SECTION 

The 106th regular meeting of the Section was held at the Central Turn 
Verein, Pittsburgh, Pa., Thursday, March 19, 1914. A paper on “A 
Definition of Plasticity” was read by Mr. W. E. Emley, Ch.E., National 
Bureau of Standards, Pittsburgh, Pa. The meeting was a smoker and 
gave the members of the Section an opportunity of becoming better 
acquainted. The entertainment committee provided unusual entertain¬ 
ment features and refreshments. 

The 107th regular meeting of the Pittsburgh Section of the Anterior 
Chemical Society was held at the University of Pittsburgh, Wednesdr 
April 15, 1914. Professor C. W. Bennett, of Cornell University, lectu 
cm “The Fixation of Nitrogen.” This paper was of special inte 
Professor Bennett has first-hand knowledge of the problem, having 
actively engaged in the study of cyanasmd in this connection. 

C. O Storm, Seer* 
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UNIVERSITY OF MISSOURI SECTION. 

On Ftiday evening, March 20th, the 48th regular meeting of the Section 
was held* Dr. C. R. Moidton presented a paper on “The Matter and 
Energy Metabolism of Animals at Constant Weight with Respect to the 
Active Tissue and the Surface Area/' 

The 49th tegular meeting of the Section was held in the ta ture room of 
the Chemistry Building, Friday evening, April 3rd. Mr. E. C. Pegg, 
(V T)< j.fj tment of Forestry gave an illustrated lecture on “The Manu- 
pd«ri 1 Vood Pulp and Paper.” After the illustrated lecture, Mr. 
Pv t'tni Tl unson, Superintendent of the Forest Products Chemical 
l\m panv, Memphis, Tenn., gave a talk on “Dry Distillation of Hard 

\V M Hi O C Smith, Secretary 

MINNESOTA SECTION. 

A r<*gvi neeting was held Friday, March 20th, at 8 p.m., in the chem¬ 
ical tabor* tv;ry of the University of Minnesota. Dr. J. F. McLendon, 
of th DejV of Physiology spoke on 14 Some Applications of Physical 
/b ministry •/ Certain Biological Problems.” w h humt** secretary 
LOUISIANA SECTION. 

741 1 meeting was held at the Richardson Chemical Build- 
Fnclav. March 20, 1914. The program of meeting was: “Ob 
a nations i}>on Surface Tension—Experimental,” by Dr. Ralph Hop- 
kmt “ Him > din: Preparation and Properties,” by Dr. R. G. Meyers. 

J Hsath Lkwib, Secretary-! reosurer 
CORNELL SECTION. 

> .dare h meeting was held Monday evening, March 23,1914, in Morse 

Profes or Heinrich Ries talked on “Underground Water Supply.’] 
' 1 ‘ Auril neeting was held Monday evening, April 20, 1914, in Mord 

i 

<. H \ Norwood of the Taylor Instrument Companies, Rocheste| 
/ gu 1 n illustrated talk on “The Mercurial Thermometer and i 
Auaptauon to Industrial Arts.” o. r o^wmsm, secretary 

DETROIT SECTION. 

The meeting on March 37th was a 9odal evening to which ladies wei 
invited. There were three non-technical short talks given by membe: 
of the society. The rest of the evening was devoted to music, sodi 
intercourse and refreshments. norar r. haxub. s**mry 

00 EASTERN MW TOUT SECTION. 

^The March meeting was held in the Chemical Lecture Room at Uni* 
°* c ")ege, Schenectady, on Friday evening, Match 27th. 
m x* F. Jewett Moose, Ph.D., Professor of Organic Chemistry in t*j 
ajs Z/ , ichusetta Institute df Technology, spoke on “Modern Syntheses I 
” c muds at the Tatmm Class.” w. c. jmim* 




